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Jongli slewing ring

HNTREREREFEH

Devote to National Brand



B 19565, DERIIAMNT.

In 1956, Maanshan City was established based on Ma steel.

EHER. EHFER, BERBEN. RERSFENRITHISRANS#E, EXREEMHRESTFRRSIATE.

In 1960s ~ 1970s, with the import of construction machines like excavators, truck cranes ,and etc, the key component - slewing ring was introduced to China.

20BN TFHAY, EWNTFREEERR FTERFESE KK EFLLRETT —DNELAE.

In early 1960s, under the decision of Deng Xiaoping, the first railway wheel hub plant in China -Ma Steel Wheel Company was build up.

EIREICRE AN MG SR T 1984 FERDRIRERS £F-BsTR, MMDBRILERESET. &7, RAF. KR
ITEE—MWRESTRTIERAAR ML,

In 1984, Beijing Construction Machinery Research Institute of Ministry of Construction selected Maanshan Forging Equipment Factory to manufacture slewing

ring and renamed it as Maanshan Slewing Ring Factory.
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Bearing Loads of Craftsmanship

38%F, AR MEEESIX.

In 38 years, we dedicate to slewing ring only.
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Professor Engineer
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BTF20165F128, SRIIFANEESTEERLNBDOKE
(ER) KRNI, BF. RILF
Photoed in December of 2016, Headquarter of Tongli Slewing Ring

from left:Zhang Zongjiang, Hou Ning, Wu Liping
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5EE$E - Senior Engineer
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The Youth Engineer Team
FEMRRDEABREZFQT. TZHR

Major research fields: design and technic research
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Bearing Loads of Technology

RRTIZMF L. BEHREARENL.

Exploring scientific technology , keeping standard operation.
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TR ZREEF50%
EJ]U I Lathing efficiency increased by 50%

Lathing TIE AR ABEEI0%

Tool cost decreased by 30%

® 7NRiERIRKIE 38K

38 times tool selection tests

® HEYIHISHIAE 161K

16 times tests by different cutting parameters

® BERFHIEFRHBIZURE 318

31 times of CNC lathers upgrading

® MIIFRIBHME 21K

21 times optimization of processing procedures and steps

® Tasi#t 7 M

7 improvements on technological equipments

ZEPR Lathe machine
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1= I I THERARFH40%
I*' ’] D Efficiency increased by 40%

Gear Cutting TIE A FEAR40%

Cost of tools saved by 40%

® JATIEKRHKE 48

4 times of improvement tests on tool grinding

® TEISH#ML 178

17 times optimization on cutting parameters

® THRWE# 7

7 improvements on technological equipments
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}L 7]“ I Hole drilling efficiency increased by 50%

TTH S EHE T
HOIe D""Ing 100% CNC machining has been realised

® 7IEmAERKE 5K

5 times of tool lifetime tests ;
® FHTIE3IHRLE 23% o4 V.. o
N ggtjiies Eclew tc?c?lzhfntroduttion tests RIAMITHLREARS B FEWAREIDLE
&%, BREIAILNIIZS5HKEITLT
. M S MRS 1138 E
ittt 2 AN MFRHBUMT L. TRHYE

11 times optimization on cutting parameters
1 —fERLE, BMESE, .
>
® i 1 g A . , Double-station machining center, joint designed by TONGLI and
5 improvements on fixture technological equipments

Taiwan-funded enterprise GROMAX, is a new NC machining
center integrated with slewing ring driling technology and
equipment design technology. It's with the advantages of doubled
efficiency, operating friendly and stable performance.
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IR EARF50%
Efficiency of heat treatment increased by 50%

RIBEEAMEER, EHEFEXTZ

Efficiency of heat treatment increased by 50%

PR

Heat Treatment

O RAALES L, KB 38K

38 times optimizations for heat treatment parameters

@ EKTZHIE 45R

45 times quenching process tests

® Bt

Auto-production line for Heat-treatment

26900000

L 3 RE R 7 X ep D R IR B SR ARIRAL IR £l +HIE S R
BARHRH LR, BEEZARLENTIIZSHTNRETIZE
AR — PR B AL B Tl

. BEUE—&; BEHE, H8RE, XB-#X83, m
TidiRERashRiRiE; RITAMHRMI, THMIEXER, ®
RTERTL B FRALEE T HERNHLE.

NC Double-station induction hardening center is designed by us and Gaozhoubo.
It is a glorious fusion of heat treatment technology and machine design.
Strength: Doubled the efficiency , operating friendly, performing stably, adopting
one-button-start to intergrated machining, automatic compensating for machining
clearance; two stations to produce symmetrically achieve little deformation on
slewing ring, solved the historical deformation problem which troubled the
industry.

[~

I I




RIS H R

Buijjonuo) sainpasoid Aay

“ /A
R = AR EH

Bridge CMM

SBEXRERRETHRNE RS

Fraunhofer-Gesellschaft (#$FBEX )

Non destructive measurement system
for multi-channel quenching depth

ith o ST ‘
PR N AL R R BE A ZE (X KOBEL GO (F#1$)
Ultrasonic quenching and hardening depth tester (KOBELCO)

| VF2 2D 1 A

Cooling characteristic tester
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Bearing Loads of Industry

FEREEETMESN, FHANSIE.

Deem slewing ring honour of China as Tongli's responsibility.
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Aﬁn?x{#ﬁﬂﬁﬁﬁm)\ﬂ‘]%ﬁu\ B, EERS.

We supply the most meticulous pre-sales, mid-sales and after-sales service, basing on our over
35 years of rich experience in slewing ring theory, design, and manufacture.

Bls ZZ R3S




AWARD LIST
CHINA CONSTRUCTION MACHINERY ASSOCIATION
PART&COMPONENT BRANDS 100

TOP 50 GLOBAL QUALITY SUPPLIERS OF
CONSTRUCTION MACHINERY COMPONENTS

LIUGONG
SERVICE PIONEER AWARD
QUALITY EXCELLENCE AWARD
SERVICE & SUPPORT EXCELLENCE AWARD

ADVANCED SUPPLY AWARD

PLATINUM SUPPLIER AWARD
ADVANCED TECHNOLOGY AWARD
TECHNICAL ACHIEVEMENT AWARD

BEST QUALITY AWARD

XCMG
BIQS OUTSTANDING PROPULSION AWARD
BEST QUALITY AWARD
EXCELLENT SUPPLIER AWARD
STRATEGIC SUPPLIER AWARD

ORIENTAL
APPRECIATING MEDAL

AICHI
EXCELLENT SUPPLIER AWARD
EXCELLENT SUPPLIER AWARD

LISHIDE
EXCELLENT SUPPLIER AWARD

CHINA ASSOCIATION FOR QUALITY PROMOTION
&

HC INTERNATIONAL INC
QUALITY AND CREDIT BRAND AWARD

HC INTERNATIONAL INC
TECHNICAL INNOVATION AWARD

msmrmezanRan

Kﬁﬁiﬂ*

PEN

== &=

P R
229% #r swsasswrsamen

LR 23
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Provide Considerate Service

IEPRUMZHNEESRR, TE2FNEMNEN
BAR, BT AR EEHERKIEIT,

Provide the customer with the most exact, economical and
practical selecting program for both new and old models according

to customers' requirements.
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RIS 161

B RENI04D)
SR EN 94D
B ENS
BEEEASH
BTN 436
REIEEELAND

R L RE380H
BITHLAL32D
LERA27D

:IJ BT 8% 240

BINM25f

Tk A256

151 cases of excavator

104 cases of crawler crane

94 cases of truck crane

51 cases of tower crane

48 cases of aerial working platform
43 cases of lorry-mounted crane
41 cases of drilling rig

38 cases of concrete pump truck
32 cases of dynamic compactor
27 cases of forklift truck

24 cases of roadwork equipment
25 cases of light industrial machinery

25 cases of industrial robot TONGLI 18



Technical Seminar

AEAREN #T (RBEAEE TR ) HAEI,

Offer technical training which relates to how to choose applicable slewing ring
for more than ten construction machinery groups.

TONGLI 19
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XCMG @ SHLG
KOMATSU =AY

E LIUGONG

mpr
JOHN DEERE

ZEN - ZP

Excavators-Customers

CONICH sunWiro .,

STRONG

Jonyang

ZOOMLION R Xxitvyum 7
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Our equipment and production capacity
accompany development of the industry
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202052 L~ gE
120000 E/%

Scheduled annual manufacturing
capacity reaches 120000sets in 2020.
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Bearing loads of slewing ring

“HEGLE" HRITE

Practitioner of “Create in China”
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Gyro Turntable

%%z AR ree e

Parameters of Gyro Tumtable

BARfES: KT £10° HREERRELTRETE,
REFAE: ZHREE L. 8 EEBIRES,

1'i{&inclined

. fs s = " i
Technical characters: realizing £10° levelness adjusting on slant road 5 ' y Raceway Leveling
. . . . . N o . Centre Dia. Di Angle
Application: ladder truck , mountain transportation machine, marine lifting equipment

TONGLI 28
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Applications
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Slewing Ring With Gear Hardness Gradient _ .
BT R AR RS E B, 3R, B E~

i ﬁl‘“‘ e E "lﬁ [D] _t|;§ i JE N RN, E—ER R AR, B

EL TR SRR T KRG & 5 SR RRIR 7T R o

Extrusion failure is solved by adopting gradient hardness
along gear width. More than 10,000 sets of slewing rings
with gear hardness gradient have been put into markets
and no gear failure claims in recent 10 years. This patent
product is a solution to inner gear slewing ring to
eliminate gear failure, like excavators , crawler cranes
Jrotary drilling rigs and etc .

HEWEEZHRER
Hardness Gradient Gear after Being Extruded
TONGLI 30



F—RHTRERNGREINEER L EOBE S
Hardness Distribution along Gear Width for
1st Generation of Hardness Gradient Gear
T#FEHRC
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Z3105E/5T, 201 24E RR T S AE 18 i [l X 7
(£F|S: ZL2012 1 0335957.2) . % A#FEEHE E5BEAE
RO IRNEREHE, XAEIRRMERFED.

In 2012, the 1st generation slewing ring with gear
hardness gradient(PATENT NO: ZL 2012 1 0335957.2)
launched after a decade researching. Slewing ring with
hardness gradient gear can keep normal rotation while
resist and buffer extrusion.

SRR ER SR ZNCRETES ERES 6

Hardness Distribution along Gear Width for
2nd Generation of Hardness Gradient Gear

FEEEHRC
60

50 /_*—_.—_M

40 /
/

30

20

10 20 30 40 50 60 70 80 90

Along Gear Width {53577 18) (#fi: am)

BRFERESR R XENEES FHEEMSRE,
B ERESIE R

The 2nd generation of hardness gradient gear is
stronger as hardness distribution is more scientific.
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_ *Bﬁ. ‘* ] Xi ﬁtf*_t Double-row Ball Elliptical Raceway Slewing Ring
WHEERTU L RESE

Double-row Ball Elliptical Raceway

RN AFHENIK, RE/\SEM, ERXER. EHENMNE WERERE G EAIURIE (RIRRIRE) AR, USER.
prigi e RAAARRERNE, RRTEEAREGHHES.
Adopting two rows of steel balls as rolling elements while having eight points The upgraded version of traditi double - arc y(commonly known as peach

contact on the raceway, which is the priority for the machine with large type raceway) is featured with higher loading and lower cost.
diameter as well as heavy duty loading capacity.

Double-row Ball Elliptical Raceway Slewing Ring

1 B iR 8 W HEEK 1L

WHERENHHRR B IRRADOVTER . TEME. RASBHZHEREERMALNEGESMHE NN~ R,

I RFIF= @B ERAENT LSRN, BHH. KMAEN. AMMCSER. BRELRE. BHN. BONMRSFHESASHLBKREZTRMNM L.
BT AT AR AT AR AR R &, B R = HAE SR RE DROREIRT, AT SRR AR A 30% A L.

Double-row ball elliptical raceway slewing ring is a revolutionary product to eliminate triple-row roller design which comes with outdated design, low

reliability and high cost.
Quantity products are applied in construction machinery, which is with high loading requirement as well as tough working environment, like mining

excavator, crawler crane,heavy tonnage tower crane, heavy tonnage truck crane,concrete pump truck, dynamic compactor,marine machinery and etc.
Through the design and series product which can change the industries, these series products can satisfy the same loading requirement as the triple-row
roller slewing ring, but save 30% more purchasing cost.
TONGLI 32



AL Historical Progress

19965, BHRABRZEHER, RFIRS30%;
In1996,single-row ball structure had replaced cross roller

type,increased loading capacity by 30%;

20165, WEIRENHHKABEXZHAER, RAERK30%.

In 2016, elliptical raceway double-row ball structure had replaced

triple-row roller type ,decreased cost by 30%.

BRI R RER
mLFk

Z1.200610039187.1

DEEMIKER aun & v wem e

AR R BRI BN EARI IR B RS

STATE INTELLECTUAL PROPERTY OFFICE OF
THE PEOPLE'S REPUBLIC OF CHINA

Chinese Patent Award of Excellence
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_ *Bﬁ 5§ﬁﬂi ﬁFf*Eﬁ Double-row Ball Elliptical Raceway Slewing Ring

BT FoonsR, BERENERES HER BT RIE
24 PR G B T HE B 2 188 % R, SRR 2 2 PR B R R
Hhat, RMMA TS,

XCMG Group, since 2011, has adopted double-row ball elliptical raceway
slewing ring to replace former triple-row roller structure in quantity for crawler
cranes; changed to double-row ball structure for concrete pump truck. The
purchasing cost is decreased by 35%.

TONGLI 34



_ *Bﬁ ;‘gﬁxi ﬁtf*:_tt Double-row Ball Elliptical Raceway Slewing Ring

= — Fo0t185Ee, RERENMNE R AMERE
WH kR ESE K, RUMAA THE30%, F20204Fi2,
BARSEN M B MERE NS, CFERA.

Sany, since 2018, has adopted double row ball elliptical
raceway slewing ring for truck cranes in quantity; since 2020,
super large excavator has changed to double-row ball elliptical
raceway structure, already in application.

TONGLI 35



_ *Bﬁ fﬁiﬁ_ﬂi ﬁtf*:_tt Double-row Ball Elliptical Raceway Slewing Ring

B TFoo96ie, HEREMMRHABER
ERHHRAEE R, RURATR, E%RE.

LIUGONG, since 2019, has adopted double-row ball
elliptical raceway slewing ring for truck cranes in quantity.

TONGLI 36
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Higher Loading / Lower Cost / Lighter Weight / Longer Lifetime
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_ wﬁ%ﬁﬂi ﬁFf*Eﬁ Double-row Ball Elliptical Raceway Slewing Ring

H I AE R 7201252, 280mm 2 @i i M R E AR
X, @ AIIRE RIFBEE, SHEMERT.

Hitachi Sumitomo, since 2012, has employed double-row ball elliptical raceway
slewing ring in 280-ton crawler crane, has passed overloading test and
destructive inspection with excellent performance.

£
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9"@}5% Indentation of outer ring raceway WEIE’E Indentation of inner ring raceway

= 7

?)H%EI?ZOHEE, @
EENERE=ZHHEA BRI E
AMERENHRA B X &, XK
T AN T P 30% A L o

FUWA Machinery, since 2011, has
adopted double-row ball elliptical raceway
slewing ring to replace former triple-row
roller structure in quantity for crawler

cranes, the purchasing cost is decreased by
30% .




DN HERE

Al Br2omsn AR iERE S HiER,
B AMEIRENHERN, BRE.
In IHI, 120-ton marine crane has been mounted by

double-row ball elliptical raceway slewing ring to
replace previous triple-row roller type.

Xi ﬁFf*_t Double-row Ball Elliptical Raceway Slewing Ring

ISR Foorasie, ORI EENRHAE (10510 « FISHE/RI84
(125ME) « /JiA1250 (125F%) [RECE=HEREIE ARG, 2B MEIRENHE

¥R, EOEHRREF. MaERE.
In Conch Group, since 2014, the imported Terex RH40E(105-ton), Liebherr 984(125-ton), Komatsu

1250 (125 tons) have been completely replaced by double-row ball elliptical raceway when the original
triple-row roller slewing rings failed, all works well with a stable performance.
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Higher Loading / Lower Cost / Lighter Weight / Lon,
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_ wﬁ ;‘ﬁiEXi 1:1Fszit Double-row Ball Elliptical Raceway Slewing Ring

A REBA

260MEA R B FRE
SHiER, NEXRMAMH
FEMAHRR, ERLE
RAFRA THE0%

» FHUE, WEIRETHERENN
380RMBEIE (HRES) Big.
Zhoushan Port, double-row ball elliptical raceway

slewing ring supports 380m
Power Tower (Top in the world)

In Taiyuan Heavy Industry
Co., Ltd, has upgraded 260-ton
truck crane with double-row ball
slewing ring from their former

triple-row roller structure, lower
purchasing costs by more than
30%.

T 1260mekiE R R EMRRE S HiEER,
ME A HEIRERHIKN .
In Zhejiang Construction Group, 1260-ton-meter

tower crane has adopted double-row ball elliptical raceway
slewing ring to replace its triple-row roller structure.

TONGLI 41



SRR AKBRA /A K

Higher Loading / Lower Cost / Lighter Weight / Longer Lifetime
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Bearing Loads of Academics

REGRHIMAETIIRGIRSE, HERSEhi B!

Provide us with your loading and limit conditions, we will achieve the else!

TONGLI 44
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Theoretical Research

o FEEE{TIIRE
Drafting industry standards

o (iWEIZIEN ) DITRETIRS

Compiling of Chapter Slewing Ring in Hydraulic Excavator

o (ESINIZTFM) DISTRETRS

Compiling of Chapter Slewing Ring in Crane Design Manual

SR mhLi it
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ak . 52 TIWASERRFE Slewing ring intelligent system jointly developed
HE % -3
@5§§ ?% ﬁl.’.ﬁ*ﬁ'ﬁ_ﬁ with Anhui University of Technology which filled

Slewing Ring Intelligent Analysis System = fﬁ?l‘ I*J§ =] the domestic gaps.
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Load curve and mechanical property analysis result on slewing ring of large-tonnage crawler cranes
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Steel ball actual contact angle diagram Raceway contact stress diagram Raceway internal Mises stress and shear stress curve



HEMRBE
Continuous research reports
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Host the Seminar of Industry --To Solve the Problem of Gear and Pinion Failure

LRI 53 ZO5EZTRMEF
M XNSE HATENMMPESY
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Published Articals of Slewing Ring
E i Table of Contents

SEE D P GRYEHUR) 199655\ 1

1996, ‘To Select the Fit Slewing Ring in Applications’, CONSTRUCTION MACHINERY, (8)

RN SRR ERE DRI S8 . GREHUA) 20025515

2002, 'To Analysis the Four Parameters Influencing the Loads of Slewing Ring', CONSTRUCTION MACHINERY, (1)

BT A= AR AE XS S ERE RN, ... GRAYHD 2002 H=1
2002, ‘To Critical Analysis the Influence from Different Slewing Ring Selection Standards’, CONSTRUCTION MACHINERY, (3)
Bl R PR ST RBRRIEHE oo CGREHLH) 20024 5-£1

2002, ‘Analysis of and Solutions to Early Slewing Ring Gear Failure’ CONSTRUCTION MACHINERY, (7)

DR E B A FIERED AT GRAHURD 2010 BN

2010,'To Analysis the Mechanical Property of Elliptical Raceway Slewing Ring', CONSTRUCTION MACHINERY,(9)

Bl .. FEA (EEREN) 41ERED
2011,‘Slewing Ring',HYDRAULIC EXCAVATOR HUST: Huazhong University of Science and Technology Press, pp.241-255

Bl ST AT DT RIERTTR oo e (T2 201458718

2014, ‘Analysis and Solution of Slewing Ring Gear-broken Problem’, CONSTRUCTION MACHINERY AND EQUIPMENT, (9)

KREREFETFEMAEEER ..o e GRHHUAD 201755+

2017, ‘To Optimize the Selection of Slewing Ring in Large Diameter’, CONSTRUCTION MACHINERY, (11)

AR AAEEEIRFAA. . (TiEM) 2018550

2018, ‘To Optimize the Structure of Slewing Drive in Grappler', CONSTRUCTION MACHINERY AND EQUIPMENT, (10)

Analysis and Solution of Slewing Ring Gear-broken Problem
2014, ‘Analysis and Sclution of Slewing Ring Gear-broken Problem’, CONSTRUCTION MACHINERY AND EQUIPMENT, (9)
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B LA S IKARAD KT

EHZREABFNMNEZEMITHE, EHER, MEEMTUNRELR, KA T ZMEA, BRAZENL. &
B, AERREREENREI, T ZHATEINM. AWM. B, TUssA. BREEHEI. BRI,
EEEE%, B2, ER—VABSZAFEENEEES, XFRMKZHEN., EEH. MEHEHIMFLENE
Eff itk

HEOEIATUINEIZESBET THE20FEHWFHRE, ENEEE, NMEIX, ZBSEEMHA. BRCRETHES
KENFEMEEIREZT, #iE, MKHEEFRES, AEVNTUNZREME T —ENRH. HHIRIRLEFEX
AT, B1984E5ZRMIAREFNMEEARAEE, HIMBFLHEFGOFEREREH K FHAHRKXEEZE
B, IR THREREZATUEUSA XX NRENRNARX N ENEERE, XAXHENTELERERZ BWERR, HFHT
HEOHEIATUNRELR, 11ERDSBUDEIR EAMEZRENT, HAERMEPRENREDEZ KT
RE, FRESZ£ESMNE. W, BRER, AHLAMTLA2005FENEE,

BEEENTUHRERRE, TRRBITHAR, ER3#HFER. §F. &, MERIRNWERBEHRRS, EA
E#EXZFEW, MEFRALX, FHRE~RRE, BEINEZRTE, RRNAXTEZHHNRME, URTHEHFMER
REHRAZER, BENMMEREFOZRANEREN (2R, TXREX. WHRX, ZHEXE ) FIHER
S (FREHROERDo, EFHFERd) , ABFIAFTRNERNRURKERGENNIVIERFTRZER, EERAHR
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FHEE-ETFEMRR, UTENTIHNEFNH, BEESBHEARESR, AMSIEENITIIEERTIIAH
BEM. AXHEUKPPEEZFGTESMAEINERRSHLBERITSENEE, URREANSTENYE, FKiEE
HERMATEN.

1. 55 B CHE FE
ERAEERNEMBEXEEM: SHRK, TUREX, WHKRKX, ZHEX, AERERFEEE, RHETHEN
to

1.1 BHRAMERAEANEHETE. EHFENT
MEHBSECoOMMENBTECaK/INRE TEERZRNEAFENMERES, HUIINIRZERTEEHERNEHEBK
HKQ1600.50F13F X iE#FXJ1600.36 A B Hraftb a0 T -
BHEERkXQ1600.5081E# . A= (Col, Cal)
Col=fo - do® - Z - sina
=38 x 50° x 89 x sin50° =6476906 (N )
K fo——RIBERE ZH, HRC558F H38N/mm2
Z— FENEAE
a—FKEEMA, —MEVAEER «=50°
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Cal=95:f1 fs-fc-fa +fd-Z"-fH
=95 x 0.299052 x 3.74244 x 0.837510 x 0.651309 x 872.672 x 19.9339 x 0.732247
=738760 (N)
KAEHFSEXRFAMNE,
L XFEEXI1600.36HFER. HEFE (Co2, Ca2)
Co2=fo - do - Lo~ (Z/2) - sinax
=76 x 36 x 0.8 x 36 x (122/2) x sin45°
=3398783(N)
KALORENE BRI E
Ca2=410+ f1 « fc « fo « f0" « do™* « (Z/2)** x fH
=410x0.390100 x 0.874740 x 0.682713 x 13.6484 x 46.9444 x 21.8272 x 0.732247

=978133(N)
MERIHE, B3R HROFHFHENR L NRHENXT0%, BN N25%, Fif ZMERS LR R K L HHKK

TRFFEXMLITE, EERE—HH,
EEUHENE, IXFAEN., BHENIFRLEZAHNEEHEE, FERFZ: £—, REARERE,
90°+3’ ; ¥, MEEEKKNEE, ER. IEBETENRERER, WEEM, £H. SIEERELFITHX R
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BE, BRI FEER, RATFEImmEGHER, Bit, FEZHERKEFARTHEN, AKEHEEX, &
AEABHFHEARE, HE-FULHES, BMLARHEXES, IEEAHEGREZERERETH, ERXME
NEBHERAES, MERBEHAAN, REESHRTFHEAELRABAERNE, BRRHFHE, XZ2EA, FiE
PRI EE%, HFAEIMBRERERERNINEEXMEEAE TIEI M@K ﬁ'ﬁﬂ —MELER~, RERTF—EW
Do, doRfhfzm ElfE, EEMERFVUR, RN REAEAZERHERIN, EAFH, @ EE=EH 7£0.05mmid
Mo BHA, BEMIARWELZERATEMLE ( —RERSOHZRERNTENTRERE A DERE, 26 EBK
B91/2) o BMEZXET, XNREMEZRS. BHEENHARMELHHHENELT —<, ZENFEELAN.

1.2 B HEER = 0 W HEBR A X b
MR, IAATHBRR RHR S —Hipk, ERHEENBRE—REPOEENEHRAT, RiMN—EkM—1%
Bigit, EEERITEER
1JB2300—84 91 S HE3%021.30.11208 3 &K, £ HEFEHBIECo3 .
Co3=fo - do®* - Z - sin90°
=38 x 30" x 103 x 1=3522600 ( N )
ZREFEREALOCERZ., KEABTREZMARAE, HEREIZIT A EHEK, ATRHdo=50~6009 Bk, HFE
do=50, MIEHEEKQ1120.500)FE R ECo4N :
Co4=fo - do’ - Z - sin50°
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=38 x 50° x 62 x sin50° =4512002 (N )
REBECo4 >Co3, Kk28%,
EiE, EEMEHREETEIANELERIRMUN, RENK, EXHKA=ZRFK. WRE, HRBEH, WIH
&, EHEANREHKS, —RE—DorEMIA60~100%, MA, FEMNERBENREHEERTRSESIMEE,
FEik, BEFAENHRRXZ—MER. MEREREGIR?

1.3 ZHIHREEHMNEHIER K

SHEHXREE=MEXEERFENANBEERS, EHENMBERSH (B—Do) . AMTAEREBRAEEINMMN
BHEAKR? RINAGAES H BB AFEHTEX—HIENEAEHITRBEXNLFEAEBYE, komNmBERES
Do ErEZhHIME, FiREMNE, rMElk, BAREANFEHTELK,

& 31J36-91F1JB2300-844R 1 BT A BV S MG MrE#BIAT TIFMITE, FHIUDOAEAER, rEAMNEIR, 4F
TDo-r#£&E, NEHRAHAEEY: OBEDoMIEM, MAMENXMHEMEEM; @7EDo<1800r, HHIKXMrLR
Bo %Do>1800f, = HIHXMERS., M ERAEDo<1800EENRZI AN, FAHAKIENRR;
Do>1800/}, AZREFMHE, A=HEXENRR,

WREEU EMATTEBALIEEEEN: F/NABHERZ AN LB HRR A EERKX, AARR=HER,
EJLESR, BREN BTFREAERLY, SARMGHTRENRG, FENLKRESTR,
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2 MR R~ %%

EHEZANREROLER ( RPFETEER ) DoFMRINEEEZJOZMBEHZT REASHNZOESH, HEAE
EfE, WAER%EEDo— dole?

AN RETERLYERTE, BRUAGENR AN EEEH I ANTEH T =X EREEDo—do, BEE R
FARITBEBRITHAEMOENENHBE D NE, XFAMEITHEI AR OENETHEROAE, 52 LHBkXM
BIRIEME S, WAAEERZE. FEMEEDo— dolE?

ZEMMOMEMBKE T RMOBES. BE2ATENET T HEATE, HEGENTLREGRBENE XN
E, SHIMTSEE: F—EAMEKZRED/AoILBME—NSENEEE, RENANMNSRIBAE . HHENTE
HEMFTEESIN, HTEERE. #H3KXDo/do=30~ 35, X XiHEH*Do/do=50~60, WHHKKDo/do=35~40, =Ht
3 Do/do=80 ~ 100, K F LIAEMNEHEHFTETERAEFEGILE, RZEREFHER, EENEEZRTRLY, F
HIERMIRE, Bl AHEERR1400.32 ( Do/do=43.75 ) AF25t5 %%, BEAEMECHAEHREFEATRITE, BERAE
GARR, RIFBEEEZRIRITE, FEREGRA4500RER, BREERFTXMEF, BREH25%, HFERNE
FlEFE, B L#ITEIS00080REIEY, FEF4TR%, BHA1400.40 ( Do/do=35) @EidH#, HIXTJB2300—84H)
R E R, BREMAHIT T MR, HEBHEUMNER,

Lk, E—LRLEHRETN—LHERERNERSEG, NREEFFERLBHEDo—do, FIMIZEEI, BHEIRRAFERTKX
MITRREREERES, MEESEPEEIRNAEEEREIEFENES, Bk, RAEREHFEFHEDo—doMIT T,

WEMRE, SEVEEEELARSE,

TONGLI 56



RS ) 2002 55—

RN [E 5 SR AR BE N A S H

Bl ) E A ZRA RN S ET

EHEZFHRYERXERM, —SRERE, Z2HE, MRERFGHEEEHX08% £, ELKERE R EEZ K
E’iiﬂﬂ?:bl‘ﬂs , WMEHZFRRERBHEARERS, EMREFNEE, FEERE. REBXIENEMALTRRER
ZHOAEMER, EMNURRNARXEMERERE, HFRETOERNAHENNERF®,

1REREE
EESAREENEENERCHEEZMEA, WUHRCSSHEFAEHBENIRE, NREBESHEHBEET T
MRKR:

REBEEHRC 60 59 58 57 56 55 53 50

EAEEXLEREEH 153  1.39 1.29 1.16 1.05 1 0.82 | 0.58

FREME W R IRREE HHRCS5, B ERTEHFEANEEEHRCS7AR, FEILEX S B TRIRRBENE TR
HRC551TH Bt E, N ERMFTHEH HEER FHRCS3M, AMEBF12HRERY, FRAERRET, HHIHEER
AHRC50/}, 1.7RFHMRERZHUHEER, FERK, EETBRIEXNOEI ALY, NERERAMFHREES
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&E¥o

2RERERRE

REZRERREBMMETRENHNAE, TERTZMESRRIL, LENEERRERMEIRTERTERE
HIRIE. HEFHAZMAFIERAN, NIRSREMN QRMMRER T EHEM, 2—MKF¥Hba, E4HAbMHET, &
BHREERAN, EZFEYEANER, SABVNAREERT F0.47aRst, ElFREEERREMKTF0.47a (—§
BO. 6a) , XEREPREFFKERKND, MARREEOEXIREEANRNEFERRENRE, BREHTEGR
IMRIEE. REABIXSWNEEIRNABENTEFLAEHNZNE? EEEUNEEE: SEHFTECOEEERRE
HO.908RIELL . MMLFIITE N, HERA4mmATERERRESEF2.5mm, ABACOKE1EZE0.65, AL ~EREH
XARKPHERAFRERTE, ERBUEIMNEEHELN FE.

SRIEHERE

XEMREREIERERECTEEINHANBELE, THWKFEMLE (—H41.04~1.08) BAMIBEFIM
EEHTERNTERTEMHNRTE (FHLh) , Bt=1.04FAMEHBTEMEGAT, WETHIRIEXER:

B R Lht 1.04 1.06 1.08 1.10
Co 1 0.82 0.72 0.65
Lh 1 0.59 0.43 0.33
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NRPATEHFFLMAFEHRFTSHR, EREFGEE, IEREALEEEMZFERRESFSMERER, MA
BEARIRHNZ R, EESIRKRBRNNERFGIMEREIREE, MX—REERH2HN, BEANI N EEEIRYE
BENEZSH,

FEHESELAEMRELFIN, vRENEEEEEREHNIREL, WREENTIERF=ZNRER: FEXT
®rE, L. TEMBOEREMEELZRRIRE, HAW - MRENADBREEEKRFAERS, RABELBURTRIET
HREOFREKRE, AEARXOAHESE, MNREXMEREYE, BEMROEREXEZMEREEMA,

4 FEEMA o

iR MIKTERE LR M SRR O ER EMERERIE (KFE) 2EHRA, BEIRKNOEHE
ECobsina B&MIELL, —MEHREMA «B45°, ZHUMRZARKREMA, REREEREDHTENUENRE, &
13 37 R H R AN {2 ) B PR A 0RY, RIAEMAMEREHNEREMA T, SORIFAAEKEN, SREMAXTRERE
iR, ERREK, KREMAMK. EIRERERNEREER, —MRGIEM2°~10° BISEEREM ARIAEI47°~55°, X2
—MXRBREANFFHHEL, ENRRREMAMEFEDEKA, SREMABITO0", MEHERERER BB H—Fm
K, EREMAEEEX, URERKNEREORELGEL, XNEHNZEMBEEABHREDLS, REXRZNES
FEBITEE N, MERRENGER, ERETREN, FEEHFRERGEMBFMERBARERE —NMERNEEER,
MRRIEREENFERFGHKE,

FRERERANEZSREXFRREME, THIMROEIRE, MEREMAM
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CEIRHL) 2002EE5E—H
RgEMAAR/NME, BEEBENMATNKR, HMKEGREGHEEREN, BEMREREML, TEOER
EZJREEMABRENNIZMEEARAR, BTFR(—). (Z):
F (=) ROERENZ I

t=1.08 t=1.06 t=1.04
A E/do=+0.5% +1.02° +1.37° +2.06°
AE/do=-0.5%. -1.01° -1.34° -1.99°
AE/do=+1%. +2.06° +2.77° +4.21°
AE/do=—1%o -2.00° -2.64° -3.92°
AE/do =+2%. +4.21° +5.69° +8.81°
AE/do=—2%. -3.92° -5.17° -7.62°
iF: AE/doARLEIRESWMIKERLL,

F(Z) %

(k

2

AN

RERFN

=
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E: AR/oAREFBRESWHKERELL,

t=1.08 t=1.06 t=1.04
AR/do=+1%o -1.38° -1.82° _2.67°
AR/do=—1%0 +1.49° +2.01 +3.1°
A R/do=+2%0 -2.67° -3.48° _5°
A R/do=-2%o +3.1° +4.25° +6.78°
A R/do=+3%o -3.88° -5.00° -7.06°
A R/do=-3%0 +4.86° +6.78° +11.29°

B, A EEKREMANZMESHELTX, HERLM/, NREMAMX, BT ZHERILE/DN, RiBEMR
FEERE S, BTSSR M AR MK, HEE R EMARNREEEER (=)

(=) Hm BRI

Aldo
t=1.04
t=1.08

2% |

10%0

| +2.06° | +4.21° | +8.81° | +11.316°
+1.02° | +2.06° | +4.21° | +5.32
E: A/do Hihie BB S MK E R Lo

12%0
+13.99°
+6.45

MRS RENABRENAEER, RNFRRESNRPFE NS, ATMEHZMAREER, XAHEX
N BETEAXSHEE K SBEANDREEAXBRERDAE, Bukky, BEEHE—LEHE FELTEMZ
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RN 2002E5—5

NT, TEEMARERERABRREFEAEERERGENRIEFZMA, TEHABMEARIAPAAEES
"o
BRX—FEHNENMERRAREXECEDNR. DRLOEIR SEX RUSRKREEFRHNL TFENRETH
FREN=ZEHERER, RABENTEIERS, UREEN=ZLRBEEEE, NRE LR TREXTIFEOEFEE
MEERNRE, REFENRAEZMATSIENRIE. MRBEMVREMFNEENEFERERERZ HFER “B
%, MAFENFENEVBRRREN “KYE” , R “B F "B 2EHE, REF K & #FENRESROE
FARMBRPRIE. BiE=SRKMNEEMRBIOOMIE TIREN “KHE” KF, MEREEALEZATNERER, WA
M R TEERIE, XIMFRIEFRERNTE, E— HEFHNRESE. BRAN. REHERER,. REaQ
BEilglf+E—8, BSREAFREE ANWREHAESERREHSMATRE, FRERNEBESETFENNE
"R, RBRTRELDOSEROSRE; —HHEARAFERRTIANERERNREFIRERBNED, BR
ERKERE L EMEE BB X OmEmER SR, £ BEFHI0REHEREREEREN, EXRT5E]
FHREHETE ¥, BERFENEHER/D (AEBEAZEMIN1/2~1/3) , RXREBRETEERREMREE
B, ARHEEFELREEN. SEHREFOLERN—BMEGEE TREFNRIE, B T7THEREMBRANEFERRENRA
BE, #—PRETEEIRNABENMERSES,

g bRk, R “K, B RENRE, AEZOEIFRBEEIOAYLRIE, MEEANTIEENRAEAMETREN
FRo
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RIS 2002 E=H8

[Ekz 2 Fad oy S ON=g i Sriat: 0p A )
DL W LAE RN BT

BHFRXEHELZARRITERNTLARAE: JI36.1-91 (EZRVMAEEZR ) fIB/T2300-1999 (M#FHEZ ) . &
JIBB.LIMEARSHARIIRPIIH T145MERSH 145 B S BHRXEFH LK, EIB/T2300F 5 H T120FEARSE
H1220F BN S B HEBkR Bl X ik, BRTHERSIHENIN, BRSHENBREIF N TENENSHEFEHZRE
5. BFJIB2300-84%:JU36-86Mfm LR R, HBEEHMEM K TJIIB6-86, ANIRELAEFEIRIRELEFHE TR
fte BESFNTUMEE L RITLHNCELZRE, BIMMIENKES I, REPHIRHUERSERNHR, EEERBTEE
AT AMEFEZRITENER, NSIERMNSEEN,

BHRREHEZROFREFOER (Do) MWIKER (do) REMNFANESH, ENFAERET @R
MERER, LEETSHZITHKRE, EEAENAELRENNEBEZKIZTHKENRE, MESEZEZMENER
HRZE, SFEMEHNEEE, EERNADo/dMLERSMESH AR EEE, £Do=500~25003EE A,
JJ36.1H#l EDo/do=31.25~41.67; JB/T2300%, Do/do=16.67~62.5, Ti{EEROTHE ERDEZX RIAR#4 &SI ME B HEBR
K EIF % &Do/do=30~56, MAZLEEMTATEERRESER? BEiTEMILRBRNAERINER,

LEFHLZRNDoFdOEMELE, EMNHEHBENMEHFTE LM ATITENHR, HAEHBIMPHME, BER
L MENH AL EERIEN, EHEHHETERNERNHER THEN (ES) HER,; MEMERFENHL
BERE, DERRRENBRO—SMEER, BRERS—MENTNRE. AIB/T2300M ZBRFE NBERAEST
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(RFHR) 2002FETH

$30.900, 30.1000. 30.1120. 35.1250, 35.1400. 45.1400, 45.1600, 45.1800. 60.2000. 60.2240, 60.2500% %
SMEh. BEHEESEE, TSHEAREE, TMtEHR30~41.67, FAEAEE, Do/dotbEid/, hE LTS
FEpEkpnsk ( 5130.500LL{E416.67 ) ; BWESILELKR, ML T2k ( §140.2500LLEH62.5) , 7L
MR EEB1~EIB4848IRM AL EEZ220FE S, KR ER1FESHARRMNSSMBSIH, ER166MES (4
75% ) HESHERAGE. BEULESWEINERK: Do/do=30~404 Lt K S EHESHITE,

JB/T2300-19997Ef&1T Rt BiIREX — @&, §JIB2300-84FAEERBZ I, SMHMR LM THKER/D—#L
BIS, $i#nT20FLAL100FE S ( 4]7£40.900E /i FiE/n—4%30.900, MEKNKEZTEI, E£SHEL—H)
B4 ANERAREDO= 16008, FTEN10FLE XS0MMIEANT R T SELEREE, FMEMI00MESTRERESIER
EEXRERNME, XREAS—MARSIARERGENRNEM DHRERR/N—1, MOIBRTERFAET, BREKDD.
BREESIAN, EFFRAREE L, MENHEENEEELIL, FFUEMNILRZE, JB2300-84FDo< 125009 FF G M#%,
Do/dofE&Bid/N, #EZ, WEKEAKT, ERMANES, DABNEREHLR, XXN—BRIBERIHEIVLE
B L2OtRIZRM AR, Bk Si%kAOER R AH40.1120, RNIKEZH40, Do/do=28; MHEOREMAE (I ) Hil
£ FRI20tREZE R B E R O T R MK E R EEP28.575 A, FEHOEZAE1073 ~ 121255E RWDo/do=30-32, Al
MEEMNEZERRERNHKERMKX, BERBEEEREL, BEMHE, £FRAHES, ERAXENETEMEMRIR
#,

JB2300-1999: TR ESH M ASEI, MKERRNSHISITHEERE, THREHLEZDoZZR20ME%
HRIERKN (At H1.120F L5 ) , BRHKEREJORIIA: 20, 25, 30, 35, 40, 45, 50, 60, 75— EFRZE
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HRET, EESKNFIESRBESDo - doELL, #BJB2300-1999tERA LA #IDo - dotIfEITEEHE T2k, BERE
— AN REALTENHT, bARRFEEMERNFEHTEMARNY I ERRETZENYT], MARSLHET, ERNEE
N%E, RERMRES, BRENMHEEHHRALERFOELRHT, BRTHEVARFEL SN, 8 AVKEER TR
“HEERK” XS, SEHFEERSELHIAIEERAREST RN, “RARFEEANBRK &0, H130.7100 L—#H
40.800, FHECotHE50%, M40.8005 £—#440.900FHCoRHE12.5%, LHIR¥NES0.710iH B H R E RE M E5%RT,
1#%40.800F 5 “HKELEENIMK” 45%, MH)E40.800% % 2 £ 5% 1%E40.9000 F & 58 /1 A5 A7 .5%,

JJ36.14REH, TSHEEMERSEIZITHILERZE. AIE, Do/dotIXRAKEHRZR, PorRERLEZHNESRIGIT
(%411000.25%11000.32) , {F “HEHBREAMK” &0, FSEFEMNELSH. Bit, RNEBVGFHEEAN &
JJ36.1-914r i R HEER N B &, ERFMEREEF TSERMAARTIE10%~30%, EEL&FHEMESHE=L+
HRE, BT, BRERGEEN ERAREIRIFESRT, ATREEFRESHIREASE, SEERNEFRE
BEFTAT. BRIVMEARSEIZAREZWHIE REIHENEN, SEREEEERZENIE, AARXRTSERNOHER
NBDIN, FEFEEERMTFL,
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(RFHR) 2002FETH

[E15% 37 75 5 BB 16 53 47 % R IR I

Bjgi ) CaE L ARA RN E ET

EENMANZEXRERLANIEREFT & —2FE, —RREHR, EHHEEETERE, 590%MUE, BE
AEBREFREZENE BRTAMA, XTEEERKE DRGNS FRRERFE, REEXEN FRTHIER
AR, EIAERRFX—EFEEMEZFGE MEN LB BRMSRE, UENAFE-—TSELXRZBINRAR
iE,

[E B 5 TR 5 X R R BA MM RAREZFAR? ZitEE, $EEE, MREEA, KEEDEEER DR, Ei
THRKAEL R AR ARRZ B

EEEN+ZFE, DRUEEIR FARKEINEEQNRIRZARE, REBNITLS, XE—EEE XK
Wik, MEARREERH. 5%, SEMNITAKEN. RFEENSHEERB S ERAOEZANITUHENTAEE
%, EREEERR, MEHEAHEA, WENTREHAMEEALE, XURAFHEL, Eit, ZEVAREZRNER
RE—REEEHEETUENALEZREXR—H, MAREEE ( —HEHRCA7 ~58Z HERARMEER ) , &
FHEEBTEENN OEIRELHNER, BRAGITHMRBERENAOEREANEHMERTFEETEN, BHRERT
BB, ZFZENL, KBRS EREIREAREEERE,

WEMNZERRISH, ERSNEX EE20 ~ 221 KA HLAE B B B H R ERERHA10mm (HETH=2.5) , #
REMEEERER—H. BFERENEEZRER—RRXATEESREEAR, EARTFRAP TERTHITE:

TONGLI 66



(R 2002FE=HE

P=Kz*m*b/78 (M)

KA Kz=(2/150) (£ 0.09)5MEET + ; MEE -

MEEb=80mm, HEHm=10mm, &¥z=100, AKE, #E50Mn, E&®FARRAHAA
P=600kN, z-i5# m-#E#mm b-1&3Emm

Eig B Eb=80mm; ##z=90~110; B ARME, NiELEARFANA:
P=(90 ~ 110/150)"(~0.09)*10*80/78

=10.74 ~ 10.55(M)

ARG A EIFA NS HRZMREWEZENAMNEEZTRERATEKR, BEZENFITHINEHRAMEEZRE
BT RE S E2%, HEAXTAINBETHRARE S,

B EEEAESVRSITARELE, KBIMEREERTEEFENLRE, —FUEHNHRESREN L
HiRZ, HE45°~60°AAMER, ESEREERGERA LM T KA, SRZHKEM~ENZETHBELNA
B, BEBBRTHTESS, BEEREEREHEAIEEESTL, ATEL, MRETEEREIEIE,

HAVNA: EREZENANE D REHMENERNFESF R EEED 1, ME5ZME&H/NERETEMEEEF
EH, BEFERNMERNHMESEERERMERTFIT,. ZAFETEEDAMEXNZSESORER S, BTFEEZR
AE, SEEZRNIMEDFEREN ETHBSEMENENERTHREERRE S RKETIEEIAE @3 E L AE
AR, BRFEREESZRERNSKERARDNEMNIE, NBESEEZREQDERHELE, BS5EHIRESH/E
REEAAEHOERAE, HHEENERED/NE, CBERTH, MIBREELXER, XWERTARH EEXZRE
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EAENREAEEREY T, BT MREESERE, RAMMNMEAEREANRERATH -SR], BEEREX
W T ENEFEERN L. FRELHEETHRMZEMNERNFE, BERNRIRRENE—FES,
ZEmERFHENA, MERBANEARN, EXZASMAUEY: MERWN X EROFENDZMEIIZE SO RIERS
HLGEEZE+HILE, FEEREEEEHNERBE MK, EARBNERRREX, X—2FmRIMATEUER
KNERETE. A LSTHEESHERREME,

Bk, £FIAA: DRZIAKERHENRAREZEE S MEROESMED /DN, BWENERRN, MNERSOE
ZARBMBRESRNFEEZRERERN1.25E, BERSEZHE, BB MEXHENEHHE S HZEE R &
HEREN RS AIH26°F027°, BEREE BAERAMNER, BRUNXSRAREEE (EAA20° ), REEENRE
EFIERE AL EREIEERE, Ak, BIUEEN] EERCERAEZFEX—ER, XMRBERTEEFEENEFL
Mo

Lok, ENMEEIRMRRE; HSEERFANIRA. ABERY; BOEIRRELLDEFF; SENESE
EEMASB ORI RERERLY, BRiZAHEAR BB
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CERSFH ) 2010557158

W EIRE B & N F RS
R, RWE, R4, RRAL, T, BEAL BEA
(. BN S LR A ) S BRl 243041 2. R M k3 MM IAFE %l D50 243022; )

WE: B THERERERREEEIARNEFRTRITER, FIAANSYSHEM XA MIRERKYEIFEZA#TT
NFEMRERNSTIHE, HEEREH, ERM IR THERIEDE I RNREENBEAR FEARZAERENRS, &
SHEEE28% LA,

KR WERE; EEIZR; Nk

15|18

BT AR—VIASS Z BB ERANED, XERNEKZHEHET. MEBNENEERHETH
MHBAMBEEE DTG, BEFIITLHRELZR, BEIASI T ZHMEA MAEH |
MRS EHESRNATES, RATEEF REXEINEA, CRASFENARNASD |
Bz—, ATRBEHZTERNEAFES, BETHEER, SRUSHEHZRERIFBEINF |
FIHTHEFENEHRR EHTR=R, #T20065F03A30HEFETERLZMEN, ZEHE |
TAREBHFAZSHEHBRAEEITRNFERNXAHER, ELSH5RARRERE S &HE
Ee MEREMKEH. EEHSHFTLURBRIKMELE, RESRkEMA0ELEMN B HERERRREE
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RN 2010FSENH

BMATEH, EEENEIRR,

ERFES T IENEESR", BTRIEX, B 5R. BREMTEMNA, FEENEMREESR, BiIts
K2 IR T B REBREN N NGNS HER. RAGRTAZ, FATEREMENEEERITHNARE—F
BABENFAZ, BUEEERRARELSBRIEH I ABENERTHEEFTIMR. Bk, KX HIIEEREXH
ANSYSH 14, MEMESHHEFREMERRESHRXBEIRIINET TRENERITER, #7T7HAFEEITE
554, A4S REHEIRNEITIMELIRESERE,

2 STt EERE

2AHBRITAEE M AT

FEA=Z%CADHGF, FREBERRTH (b AREFMENHITLIRAEIB/T2300—1999) HHBEILITERES
010.20. 200 EFEFERFE O E T RN = FLEEE, NMREBEMNEMFTEESHRK, RIERGE, MK EH
244, EARRMEE LKL, IIEESEMNIERT, EX=4NEEAR, WEEDRCEEYMENL, IREERTHE
YEIME, ERVINE2ET R, BRI TFHIEERSNANSYSIRER, % Asolidd58 TTHITRIERISY, AEITEEREM
AEFZEITEMENTENHER, WMEMMTAIE: BNKSHANFERS, SEEEmp s xANmiERN
1&XI4, BRAMER R A NEERIER S, HFNINESREEMBAERENIHITALITR, RAFIHIMEISHEK,
HATT MR R LR, RIEEMEKISNNEEEEREHEEITESENER, ERTERNBEMNRR. EXHEMHEER
2.1X10"Pa, H#LL p=0.3,

EFANSYSHIE - ARGl 2T IEE, WEAZB-REER, DA, MBEREXRACABRE, REFRREELE
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CEFHMN) 2010F 578
AR, HEAREASTHAE HCONTA174, BIRATEEEATARGE70, HET T48M MY, XHEF UG HAOEIED
5 R EREMIT A,

2 [ 4% 37 R = 4E SRR AR B B3 M AARTER

2.2 HEMAR R ETT

MR EFEEZRARHRERE, EEMARE, AU ANERAREENSAR, BATUNIBENMREHEMEAR, 4
MXHRAE—FMARTE,

B AAEFERIRES, IRZHERNSERME NFa. REBEHEMURENEERAFETERNNEEEAF, XFR
FEMEAZE, BFENMNIEARREHNHEATE, ER=MEFTHERESERBSEREN, BASHERZRE
KRB AP BEREAFARMN (EE/NF0.1Fa) , IMEEIREZRZHMENIRESHE, AXFERT (FEARHE
MENATLFRAEIB/T2300 - 1999 ) H#1010.20.2008! B4R R H L I EH#HIT TIHHES T, IAREEIRERKX
HWEHAMREAAEAEERTHNMA S, HmEREFa=55x 10°NFIM=2.3 x 10°N.m, BT#ENH 29 5k B 15740 B4 FR
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SRS 20105557158
7TT )
WFEHESHERRENE X AXASHERENRZRERNEEFE, ExEARTITERE, FiEmS5HE
RIE Mm% 32 R E R 2R,

(a) AN 12 25 767 0 29 SRAK EY (b) FEANMEIEE S EFA LY SRAK B
B4 [2 % SR HE I 29 SRANF TR

3IHEER
31 HEHEEITELER

MESAT &, #EFa=55x 10'NBIEEHTERT, RAMises W& EHENE, WHEIREMS & AEH917.8Mpa, E
e RIER R A EA1309Mpa.
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CEFMM D 200N

(a) #ERERNEMisesk /1 =B (b) EREERNEMises h=E
(c) HEZENEMsesEHZE  (d) ERFESMEMisesizH=E

&5 M EIER THMISESK /1 =E
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B2 MBNENHHELER
HE6RT AN, 7EM=2.3x10'N-miyE NEMER T, mAMisesE At R EENE, HERENSRAEH1062Mpa,

AN

B FEMRXEA1387Mpa,

(a) #EIRERNEMisesk 1= E (b) EEEHNEMisesi 1 =E

(d) BEFRESNEMisesi 51 = E

(c) WEFRESNEMises 1 =E
Elo & HIEERA TN sesR 1= E TONGLI 74



CESRAIL) 2010557158
3.3 HEIRESEMREITESERIIEL
MFRIARBRETAEY, ERFHEEEAT, HEREQERMisesh /1 LLE IR E R #E X RKEIMisesMi S1ZE /N,
B ENBERK, H28%EhH,
F1HEARESERRENITEER

B #1 | AE&Amisesif (Mpa) sMEIS Amisesiz/1 (Mpa)
#® | ®mE | BR | KE | A BER | &iE
Fa=55x10°'N | 917.8 = 1307  29.9% 910.9 1266  28%
45D M=2.3x 10°N - m| 1062 1387 23.4% 891 1284 ‘ 30.6%

BEROAYEXBEAER, —REERE, 2, MRERFGAOLEHIZ8%U L, FHMHREFTEELEE
BEMW—NEZLENEEMisesERAN . REANEENNTETEEZRNE NS, FETHRAMisesiHE,
HERHEERTUBHUTEIE:

(1) AEIRERK I mEEZ R RBAETZIRK, HEFEMMisesh /1 bk B R E MIMisesi A1 Z D, tmk =2 5
EREERE X ARNABEN L ERREONEZ AN ERBENES. RENBEXATE28%EH.

(2) FIRZHERITKREANSYSEEBEN ., HFEHREN., MEEERRBNNENFHRE, EFEMESHTHE
E#XFABENEHHUE AR HEERL. AUEGH—FEAMAREEZ R (LERHERERESIR ) WHFEERMATE
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EFELRBENEHHUNASFER, ANEE—SE2EAREEL R (LEERHREREREZR ) WAZEEERETAE
KR

RPN

M1k K, M 243K, SR 2@FEFHR M4, 1988,

[2] X H 3% 20 T AMLAE AR AL EANSYS L&y R Z (M), H52: Gk Tk K5 & ka4k, 2004

[31% 7. %o @ 2 X ARAKHEAE A 09w A5 [J]. #5UAR, 2002 (1) @ 21-22.
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TRE (RESEYL) 4 0HZHET

[B] 5% 37 &

B RN FRERHRK, B—UIWASZBEZEXEEXERKZHE N, 26 AMEENENIHBEDERT
o BREZENEEN TEREMRATEN DY ETEE, EEENAEAEAFEEZ R, 8 TFEENTERETX
BTA#HA, AXMEEXFRAERSNRAER, AXFENBEEIAEE, RETEFURERITEHE R @85
M=AFH,

—. EFTRIER

E#REERTEARE: BEREI RPN ESH, WIERERNRIEEN,

1. EEZFRBEX, TBHEHHE

RUNAR R E R L B HEBR X A EIE R X, AMEREHEXSE, EIN65ME L THERIE R SHEEk B
Xk, 65MRL ERZEIIA = HEE X EE T R AT,

EEZEANREROCEEDOMENEERJOEMBERIRERSHMZOESE, — MK, FHKXK
Do/do=30 ~ 40, =H#k#txDo/do=80 ~ 100, K F LIXENEHNEHBTETERAFTGARE, REAFEGIF, AHEER
EEZATRERY, FEERRSE, HA, E—LELENRHN—LHERERNERGE, ERBEAKBEIHE
Do—do,

BB TXNSHEZENEEZ RO ESH:

TONGLI 77



Do*-do=2-T (4-1)
XHF: Do- iREHROLERE, m;
do - MEKERE, mm;
T—ZHEAMAL, to

ks CREZIE) 41085 ET

IEFF R EFdo=060, 2 EXITEHMFEEFLEZEDoOBHRFMEMR T, BIHED=ZHEX TR, I

B ERENBEESH,

2. WIEFIERREEEN

ERE R R BB TR A T S BT -

(1) RIBEEHEFE L RESHITEFEHETECo .
(2) 1RE EF AR AEHE S EHEEECP,

(3) HHZ 2 ZBISWIERERIREBES

(4) HREANFHESP10%EH, HATUREAGHIMNTTFa, MERUZERZH0 (FOEMRTRII-1ER) F

HEEOESZARMERZE LhRRe%,
F41-1  EIFHZAREREHfo
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TRE (RESEYL) 4 0RZRET

TE%E | T fE 4 % W % fl fo
, | EEmeE, @Rk, | MSeEN, EOREMN,

BB s BsipEn, semesn 507149
, WS, HEA SHRSUZIEM, BEEIEMEAL,

BEE ST ubmsAms AemE, BHELEaREN 457170

BB OESIRGHA S IER, BREEIRNEMHEEALERESEZm@S, MIHSIERPEERE

EREMENEEMEFERRE, FXRENZERA o, BEFEEMRFEZ B MR RARENNLIES

#,
THEEZFANBERTEHTELAREMENEGFTRRZET RN,
1. PHBKEE S RNEFHSECo !

Co=0.6 - Do - do’*
K. Co—FEBRTE, kN
Do— FEHFLER (RHFETEERE), mm
d0 — $WERAFREZE, mm
AAXBERERE:

(4-2)
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T8 CREZEN) 41 D%RET

HBEREEREREEZ b =1.04
CREEERRE A4mm
R EREREE =55HRC
CRIEEEA A «=45°

2, SHIERERZ AN EHETECO

Co= 0.533 - Do - do*™ (4-3)
K. Co— FIEEHRBE, kN
Do— LHEREHRLER mm
do — FHEEHEERE, mm

AAXBEAEE: RERAWE=55HRC , FEFERRESFAHREER;

2.2t E L EMEELCp

2. 2. it EBHER K B AR HEW EEHRCp

MREFEZANZARSEFRERDNEAZHEKERS, MERERIGEESRENEMEE, BEIRNEER
— MR AT RN ST R, RZEMEETFa, WEBEAHEM, MEEHEEF. ERNEBRSEEEE, MNEES
REREEXEZEATEEMSWHEMN., FE. EASEKERREFORANEBRE TSKREEE, IMNEBELSTFEE
E), WMERBREREEZNER, RIE, SNEBEZKSEMEL 1-3a, bETR,. AANHERINEBRINIE, Fzhkn
REMIHEERX, AEKITE, #BE:

o o oo
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T (REZE) 4. EEEHKET
a. MBI EIRIE, ZHRERALZEERNESREZMAL;
b RIMESREEMRIF, TMIIRE, Tl ERRNEEER,
RATEFEREMEMETEME, RENERATEAINERELEXRNBER, FRIBFTEMELKEHE,
HHAEREHBEER, BRNRARGTEMETENS, M ER=ZMEFERNELIENEEAIANTEEBEM,

(RGiEm)
SN
A LY N ‘
= \\ S 1
E/ Nl
251 AN DY &
2= i\ )r//ﬁ;’\ J‘F‘
a) b)

BEl4.1-3 BHFADEZAZNE
<€ «a=45° , E¥ZREFa, MAFEEMERT, ZASKERDENRENEENTLECRIEA

1 4.37M
Pmm=m(Fa+ Do +4.37Fr) (4-6)

LHHEEEFa, MBEBAEMEESERN, AARNEFHYEMEEFTATREN:

Cp=zsina +P, = F + * 3V 14 37Fr) (4-7)
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T8 CREZEN) 41 D%RET

HFEXSERM, BOEELERESRER N, ENASRIISFHNEEMmEEAREN:

4.37M
Do +2.185Fr (4-8)

Cp=Fa+

HHp: Cp— HEMWEHS, kN
M —{RAEHIE, KN-m
Fa— 4hm71, kN
Fr—#&m7, kN
Do— FEEHLERE, m
Z — RIEAE
222 HE=HIE EE X RN L EH @B ECp
SHHAEFEZARE—HEAEFEITRZER S, B, XERTRER AP =X EEZ RN,
BE: ZHEXEEIARRIEABERIE, TARTHIALEERSESREEML,; RIFE5REEFMRIF, T
MMIiRZE, TiEERFEEERK, FEZHEXE® I RAZHEBEFa, B NEMBITZHIN, WSHARKNRD
EXHREER IEE D AR RIE A -

1 4M
Pow= 7~ (Fit “p1) (4-9)

max
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BB CREZIEY) 4107 ZTRET

BHRAMBELRFEEAEN, SREMAFTEANER, IXNEHRAQETIRNZNZEEEENN, B LYE
HmBECrrNX (4-7) . (4-8) HERREH. EXZH&EXNRR, FREKREE, EWMENENEAT, A, IEE
BREBMER, A IEBFNFTHRERBENEN, BHAYE, EAFEPHES, BE=#EXNLSEHE
HER T ER L RREN:

4.5M
C,=Ft 224 (4-10)

X: Cp— HEMEERT, kN
M —EHE, kN-m
Fa— #m 71, kN
Do— LHEREHLERE, m
Z — REHEAE
2 3t E R L R B IWIERE R R EBE S
fs=Co/Cp=fo fofER[{E &4 1-13EE
3. FUNRAEZENEARESZXR  FR41-2
F41-2  HUNRRIZEINE A RHEBRR B TR —ER
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LB (REZIEN ) 4 ORAET

Fs 1 2 3 4 5 6
YL A 1.3m | 3.50f | 4.50 6 70 81
ﬁﬁi‘?ﬁfﬁ 465.20 | 567.20 | 600.22 | 683.25 760.25 | 800.25
7 8 9 10 11 12 18
120 150 | 20Mf 230 300 35 408
1012.25 | 1100.28 | 1200.28 | 1220.32 1405.35 | 1405.40 | 1405.50

I, OEFREREIEFED

1LEBEAE (SMBARIE “S” &) RIEFMKEHAEZELNETERERX. FEERAFTRABRATR,

QEETAWMERE. TE, MEEY%E. ELgiEftRY, EFTEMENFERLI1-4PNE,

Fa1-4 ERRAREENNTEEFATE
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LS CREZEN) 4 @%RET

RERLERE REXRTEE
Do (mm) S A AR WHEBK FHER
~1000 0.15 0.20 0.10
>1000~1500 0.19 0.25 042
>1500~2000 0.22 0.30 0.15
>2000~2500 0.25 0.35 0.17
>2500~4000 0.30 0.40 0.20

E: RAA-AFHHEARKE, E180° WEERKNIAAFE—FIEXEIZE, FHFE0® ~ 90° ~180° XKEFKFE
THAETH. TAEZFHRE, B RIEERT,

SREFEVRMERBHNNIE, UFLEEESZRRERTENEABTETHEB AT ATHEST TE. EHE RN
ERT, HEXRFESEXIRELFERLI-5MWHE .

F41-5 FRAFRTTHRE

REHOER ~1000 | >1000~1500| >1500~2000 >2000~2500 >2500~3000  >3000~3500  >3500~4000

i*fﬁ%*ﬁfg 06 0.8 1.0 13 1.6 2.0 25
max(mm)
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O]3% Sz 7%

LB (REZIEN ) 4 @RSTRET
A ERBRETEE:
N EZEHEEPNERNREEEEE, FHREREFE 20 LRGN BT,
(1) RIEK/IER R OFRZRE 1T
(2) FEE/NERMEIFHIZRAERHEREE SRICAFHRER, HEEZAERS/NMERER SN EKESEHF &%
4.1-6H9FE o
*4.1-6

EREAER MEESh(mm)
IS =0.03m(mA 245 &)
MR & =0.06m(m:A E 2 E )

5. AEZAAZENERSRETEER

5.1, 2#¥# GB 3098.1F1 GB 5782 £ F, WA BTt K ARALIER, MESRH8.8%.
10.9RF112.9% . X FEEZE/I, BIWFH10.9%21e, N THEHT TIREHBRETRMFE K
HETERERBES KRS, MHTFESRES KA, TEA12.0%818, ¥FHmme ©

T, BRESEEERIEAEIRZEE, TitHs.8qigRk, \

5.2, ZE2E% GB 3098.2 #1 GB 6175 & A= BITIEIT ANk ig2f, HiS RN 52k

4.1-9
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TS (RIESIEN) 410%25ET

18E,

5.3, NRIRFIEE BB, 2RISR FH A & b B AATE G

5.4, FRERN, MEZESRNBYRBSRERESH, FAAERTEIS0 FENKRHAZRITE, WE41-985
A
5.5, B MERBWTME S, EMENEZE L ENTEN A HFERII-THRE,
5.6, BRREKEL=5 d (d-—ERER),
®41-7 BRERETRHESTESD
5.5, By MHERBHPTES, EMENEEL EFENTENNNFARIA-THRE,
5.6, BRREKEL=5 d (d-—ERER).
F4.1-7 BENTEBEITRES
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KRS (REZIFN) 41052 FET

121238 %4 ( GB/T3098.1-2000 )
i 8.8 10.9 | 12.9
TEHAE M(N-m
M10 44 62 75
M12 77.5 110 130
M14 120 170 210
M16 190 265 320
M18 260 365 435
M20 370 520 620
M22 500 700 840
M24 640 900 1080
M27 950 1350 1620
M30 1300 1800 2160
&A1 FL(10°N)

M33 293 412 495
M36 344 484 581
M39 414 584 698
M42 473 665 798
M45 553 777 932
M48 623 876 1050
M52 749 1054 1265
M56 863 1214 1457
M60 1008 1418 1621

5.7. HRMABAREKEAAN, BREMOFERPHRMIANKENFERIN-BHME,
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TE (REREN) 410 FZED

F4.1-8 BREREIZRPURNMIAKE

2R MEREE R 8.8 10.9 12.9
l 0.70T 0.75T 0.8T

i THBEFLIESKE

5.8, AHEREBER TIENFEYE, BEERMENNAR, ERHKEHEZRIMENE—1100 hf500 hfg, H5KE
PR TFEHE, EEITIE1000/N MEE — R EHE,

=, E#EZARREEAETRPEREER R BT

1. BT EMERE

M

N

L gy

A
E4.1-10 Z|AL K /NG ZBRIEE E4.1-11 BriEE A

ERNMGERTERR, 2FHAMERR, EREENEAEIXEHPHEEESWER, EEXLARAMSTLZIE LN
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LB (RERZIEN ) 4 ORZRET

ERAHFERBEREERH S, MESZHMEMNMIEEEMHERFESN, BFERNMIRNMHES DR RERH
KARFIT, ZAFETERES, ATEERAEKRHEG, 5EEIRAINESHIBKEN ET A EMEERNE
AT, BrElExdeEs, RAR~EREZEEEATRNEMUSELa, NBEETRORIAZARKSRENEEERESZ
fn, SEEHXFEBEMEH/NMERBEEEMNAHLa (LE4.1-10) , KNMEREHEMEBEBE D ASh (A
Sh=2-tgu - La,HEf a AMER ) o HANMEREFEFEMER/NT AShE, B EHRER, MEREELKER, X
MERTAREEEZRRERENFEASETNRERIELT, 8T MNIRESERERAINNBEEFRENNRIER
TH—HME, BEERERER ENFENEREEEN LE, FRELHEETRRIMEENBRHAE, BEDE
FRFENHFE—SES, BEEABERHHEMK, MELENRERN. EIZHL2HATUEFR: MEBRXNXEROBFEE
EARMEXSHRIERANILEREZTLE, FEEREEE LN IBEERARANREZENE—IBX, Ehf
BN RBREER, XR—2FFRBANIEERK/NEREE (RE41-11) . RERFRERS/MERHEESNR
PR/ \VS

2, MEXFENFIRE. FH=EHERE

2.1 FHATHEERE R B4 AU TR HRAA RN RSN RS EER,

22RERNEREZEUTAA:

(1) M ESHEEXATE, BEEZROMEERITEIMIZERE, RETFANEHF. FTHREEXR
FEAEXFER TR K,

(2) KNSR RO M B R D,
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(IR 2014 FENHE

(] %% 37 A M7 15 53 1t R A IR 77 58
DL @ LAREAS KT, KRR, Hia
RIERGTAREAAS N BF

BRI EQNAEEL EERAMS. AT (SEEE=>HRC50 ) WEET R (WEEN. EEHNEEHARE
MERFARAMNEELR) £, MIHMES. HET (SEEE<HRC30 ) HEEXARIHAHERAR., BATLE
it, TERS, TEEBEFEZENAQESREREEERARE, Y7E1%~2%, MEENETS (BREHE5 ) REH
E3 % R R AT EE%~6%, FHFEFLE > RENGE. TRESEEZEEN L, EERE2HATACEESLHAE
TRER 5 1R

—. WriERE S

EEE(OHEKPHMESHRBREE) —XPRABRY, DREIGRAEENMBAIHAEZNH FHN—F
N, MERZEEMFEERMN. SEEEE (KER) MEMNMERXA “ZoHEs” (LE-), AFTEREXR
AEFENEREE, EZENIEN, SFE—ENEBAAEM, MROPOLESHZFE—EARNAE « E G
% (FEBE) La, HREDHHOCENENEREZZEZN,
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(TR 20145587158

E— OEXRERENFETEE B = SHFENHKNOETRRERNZEMX

—RIERT, ZEHE B ESREH ] BE <0.20mm, £ —KReENER, EIF%ZARAERR <0.30mm, EXEFET
fERY, OEXFRNFRERTE—ENERETR, MI-REEXRIF, ZHE, REMNEKPEBRREmEHR (LE
Z), XAKRKEMER, FEMNERBETEEE.20mmEAR, FAHKRZ0.40mm, W EFHNEERESEMEA
=, EEEEEN LER FR/NERAZEEREXEN.ommES, WHEMHK/NMBRNFEEHE1.0mmAR. EWLHK
HRBET, SAXBUZASN, FEHEDEZFEERBPB DO OZL AR ERE, REFERELSEEEY
AR EW o

Z.BRAR

EEZFANFEHEASEELEERERA AN X, HRASREN LREARZ, FM45° ~60° £HHIERA
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(TREIVE) 200 =5NH

(RE=, BEM), DELEREERGEEIEM T K. RESHEMSENEM TR EEYSRE, B EBR T~
BNz, BERUEENEIREESTL, ATEL, MRETEEEBEIE,

Xt FAEIRAL R @5 R R R, MRARERTITILATRE:

1. BERK/NERSHEMEKRAR/NTF0.06m (mAEH ) o M20tFEZWIL, EEZFAEEZ10mm, KNG
AHIEM EBEANTFO. 60mm, FEIZ|AETH  (BHEHH) , ITEFRNTANMIEEANBEMEREAXEE, S
BBAEESTT, TREQAAMEZHESENERNXE, ILBFFTHE: SNEERERTEF, EEIRETERY
R ZFILFHNER, ZENETE (EM4mia) BEEIKEEERAUETN T RS ES.

2, 37° MAERARNER &, BOEZREEFRZEA INRERSOS SRR AREI7 HEs (RER) , BE
BYREREMROIBIANATE, NTBRMERFEMBMNFENEREEEN LR, XH, DEIRHEETIT
SEEAREMFEFERY, TUENEZOEREHRHTEDE, SdMENKIT, ZENETS (BE4T
3% ) R A% E SRR R 22 B ARTR5 % TR El4% A H

Elm F37° #fadiE
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(TR 20145758

3, HEWERXOEX K, BHFEERNEEZFEEMRN, BENAHRBXNMNERZEHNFERAMRER, &
WRHITRMENE, HEENMARRIREEEER. JERMAR=K (LEN) , BXHEEAHRC50~56 KX
HOBE A REEENERERE, X8, KNERMESFEREN, BRIRPE LRANRRBRFEFREERER, M
TR, Ed—FRHERE, EENVETS (BRETHE ) RAZE

B3R AR B REMESIE, HEREE SN D ESORMRFHRR TRTEEE,

ZiPRE, JORIATTEEEREZHESENTERER 2N (LEE) , XNMERMEEEHS, THEH
1&3); HWEEHEZHEZIBmmE (REN) , TEXEEEEX~EHRAK,

Ol sy

L /7I
4N 4
11 (A SN E
74 \\ RN
L —)» S N ‘ ‘
/ N
?‘Hrg } \

/i

L INL Y

BE 37° flAauXEEEE
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(TR 2014 FSENHE

B+t S EEFETHE2mmE S 1ER BN\ RREEFELTE
3mmet TS 1E R

=. &53RiE

PUER R E % ARETE N A X2 MAKMERIENER, E2—RHMNAENER, SERERNHENELEEZD
BiEX, SREMEN MERAEAHAEEEINER, TTEEEREAHIRRFOMBRT X—@8, 2k,
LNERESRERNFESHEA2mmEt, HTEEEEREHIRMEETFHES TE, RIBAXER, SENMEES
SNEERE TIER, ANMERMBEE—RELSBIT2MmA, Bk /NG nE A AR50 BT LUE L AR/, W
BUNBMIZEhE, b, EEREZRHEAMEHEE, BRRENEtEESHRT, XANTEESXERZRE, B
BRI IRIE R K ABER, X4, HTEESXEELREMRRTEHERE, XEEHZENTESHENNEE
BAMEEA, FEXERTEERENEORFER, KE—H=M0EM,
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Abstract

This article illustrates and analyses failures of slewing ring inner ring gears in service. To reduce failures the first solution
was to control the backlash between the slewing ring and pinion gears to be no less than 0.06 x module. Later a 37 deg
angled chamfer made some further improvements. Based on theoretical work and experimentation, the slewing ring with
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gear hardness gradient is presented as a solution to inner ring gear failure which has now been applied to over 2000
slewing rings still in service.

Key words
Slewing ring; Gear failure; Backlash; Gear hardness gradient

Introduction

The author has 30 years’ experience in the design and manufacture of domestic excavator slewing rings, as well as 15
years’ experience with foreign, after-market excavator slewing rings. The problem of slewing ring gear failure occurs mainly
in hardened inner ring gears (hardness > 50 HRC) operating in excavators, rotary drill rigs, crawler cranes etc. The
problem is rarely seen in unhardened outer ring gears (hardness < 30 HRC).

According to statistics the failure rate of domestic excavator slewing ring gears is about 1% - 2% (varying between periods
and brands), while the gear failure rate of aftermarket rings reaches 5% - 6%. In particular, double digit failure rates have
been found in 5 ton, 7 ton and 8 ton domestic brand excavator slewing rings.

Analysis of excavator gear failure
The author clearly states in “Slewing Ring Early Stage Gear Failure Analysis” (Hou and Liang, 2002) that most gear
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failures occur within one year of delivery and are caused by radial tilt extrusion (Figure 1). The concept of a floating
transmission shaft is employed to illustrate the engagement between gear and pinion. Tilting moment ‘M’ would be
generated in service due to the existence of clearance between the inner and outer ring. The centre line of the pinion will
be displaced by angle A with radial displacement La, changing the center distance and the backlash of the gear system.

Figure 1 Title: An illustration of the gear and pinion system

Source: Hou N and Liang W (2002),
Slewing Ring Early Stage Gear-Broken

Analysis & Solution, Construction
Machinery, No.7 pp. 58-59

The usual radial internal clearance of a slewing ring is less than 0.20mm, which may increase in service (due to wear) to
around 0.30mm. The raceway will deform (elastically) under normal operating conditions. For example, assume a slewing
ring raceway is deformed by 0.2mm on one side, or 0.4mm on both sides as the contact area changes under load. (Figure
2). Combined with additional deformation of the machine frame and other factors, the radial displacement of the upper part
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of the pinion may reach 1mm. Based on this displacement, force analysis by Hou and Liang (2002) shows how the
resultant forces are transmitted through the gear teeth which will break under repeated loading.

Figure 2 Title: The contact area of steel ball and raceway after 125% overloading applied

Source: Adopted from the
Quality Report of Maanshan
Tongli Slewing Ring Co., Ltd.

Characteristics of failure

Slewing ring gear failures usually occur in the upper part of the gear face. The fractured surface intersects the slewing
ring top surface at between 45 — 60 degrees (Figure 3, Figure 4). On occasion the crack extends across the entire
tooth face. The tooth is plastically deformed, more so on the upper sides. The width of the gear groove (or distance

between teeth) increases from bottom to top.
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Figure 3  Title: Traditional gear failure

2

Source: Adapted from
Maanshan Tongli Slewing Ring
Co. Ltd Quality report.

Source: Adapted from
Maanshan Tongli Slewing
Ring Co. Ltd Quality report.
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Solutions

Regarding excavator slewing ring failures, the following solutions have been employed:

Firstly, the backlash between gear and pinion was specified to be no less than 0.06 x module. For example, the
module on a 20 ton excavator is 10, so the backlash was no less than 0.6mm. It is noted that in the aftermarket the
end users ignore the importance of backlash during installation which results in the higher failure rate. The
relationship between gear failure and backlash is well known and has been constantly pointed out by the
manufacturers for many years, which may have resulted in a small decrease in aftermarket failures from 6% to 5%.
Secondly, the 37 degree chamfer gear design was adopted. The teeth on the non-mounting surface of the slewing ring
are chamfered by 37 degrees (Figure 5). By purposely removing the easily fractured portion of the gear, the
interference on the upper gear surfaces is avoided when the pinion is displaced. The slew ring gear would not be
deformed and failure would be delayed. According to 2 year statistic data, the gear failure rate in aftermarket bearings
improved from 5% to 4%.

Figure 5 Title: lllustration of the 37 degree chamfer
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Source: Adapted from
Maanshan Tongli Slewing
Ring Co. Ltd Quality report.

The slewing ring with gear hardness gradient is the latest patent intended to resolve this gear failure problem. The
hardness of the hardened zone is 50-60 HRC, while the hardness of the soft zone is that of the quenched and
tempered forged material. When the slewing ring gear and pinion engage and deform, the soft zone of the gear is
elastically deformed only. No gear failures have been observed by the researchers in the excavator slewing ring
aftermarket since the product was introduced into the market one year ago.

Figure 6 Title: The slewing ring with gear hardness gradient invented by Tongli

Source: Adopted from Maanshan

Tongli Slewing Ring Co. Ltd

Technical Document
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By experiment, when the elastic deformation of the soft zone reaches 2mm (Figure 7), the slewing ring with gear
hardness gradient can still engage normally with the pinion and maintain transmission. The hardened zone and
transition zone will break when the deformation of the soft zone reaches 3mm (Figure 8)

Figure 7

Title: In the circumstance when plastic deformation of “Soft Zone” reaches 2mm

Source: Adopted
from Maanshan
Tongli Slewing
Ring Co. Ltd
Technical
Document
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Figure 8
Title: In the circumstance when plastic deformation of “Soft Area” reaches 3mm

Source: Adopted from Maanshan
Tongli Slewing Ring Co. Ltd Technical
Document

Conclusion

Increasing gear backlash is one way to reduce gear failures, but this affects the swing zone of the boom. Excessive
backlash is not advisable. The slewing ring with gear hardness gradient is the best solution. As explained above, the
slewing ring with gear hardness gradient works well even if the deformation reaches 2mm, but the displacement of the
pinion in excavators and rotary drill rigs will not normally reach these values in normal service. Thus the backlash can
be reduced to limit the boom swing zone.
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When the slewing ring gear is broken, the slewing reducer can break as well, but the rate of failure is effectively
reduced by adopting the slewing ring with gear hardness gradient. Thus the gear hardness gradient reduces gear
failures, limits the boom swing and reduces reducer failures — 3 targets at once. The slewing ring with gear hardness
gradient was introduced to the market 12 months ago. Over 2000 units have now been sold and no failures in service
have been recorded.

In conclusion, the slewing ring with gear hardness gradient is a revolutionary breakthrough in technology that
eliminates the issue of gear failures in construction machinery such as excavators or rotary drilling rigs.
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Appendix

[1] Hou Ning,professor engineer,Chairman & CEO, graduated from South China University of Technology.
He has been devoting to slewing ring theoretical research, designing, tooling designing,CNC upgrading of
machines,technical management and marketing management since 1984. As one of the drafters, he participated in
composing of two national standards and five industrial standards, compiling slewing ring chapter in Hydraulic
Excavators. He has won more than ten technical progress awards. He is Member of board as well as secretary
general of the TCST(technical committee for standardization) for lifting platforms, member of board of TCST for
construction machinery and equipment, mentor for torch program, senior expert of standardization in Anhui, leader of
strategic emergingindustry of Anhui in 2015,0one of ten outstanding youth in Maanshan in 2009 and part-time
professor of College of Mechanical Engineering of Anhui university of technology.A number of papers of Hou Ning's

are published in professional journals.

[2] Wu Liping, professor engineer, Party branch secretary , Chairman of Labor Union, graduated from Anhui
Polytechnic University.

He has been dedicated to slewing ring R&D and processing technique research since 1984, served as deputy
director / director of processing department in Maanshan Slewing Ring Institute. As one of the drafters , he

participated in composing JJ36 slewing ring standard, has won technical progress awards for many times.
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[3] Zhang Zongjiang,Professor engineer, graduated from Hefei University of Technology. He has been dedicating
to slewing ring heat treatment processing research since 1984. He won third Prize of National Science & Technology
Progress, the second Prize of Maanshan Science& Technology Development and Maanshan Five Small Inventations
Award.

[4] Xu Lihua,chief engineer, Vice president graduated from Anhui University of Technology, majored in Mechanical
designing and manufacturing. She is member of Foundation Construction Technical Committee and participated in
composing JB/T10837-2008,JB/T10838-2008, JB/T10839-2008, JB/T2300-2018 totally 4 industry standards and
Chapter Slewing Ring in Hydraulic Excavator, has won lots of technical progress awards in provincial and city level.
She received the 7th Anhui Excellent Youth Science and Technology Innovation Award and the 8th Ten Outstanding
Youth Award. She was appointed as leader of "Xu Lihua Labor Model and Innovation Studio" by Maanshan Trade
Union Federation. She has applied 35 patents totally and 2 of them are national patents,one is " Elliptical Raceway
Single Row Ball Slewing Ring and Processing Method ", the other is" Asymmetrical Raceway Ball Slewing Ring and
Processing Method ".

[5] Zhu Liangyin,senior engineer,director of technical department.He graduated from Anhui University of
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Technology, received the 2nd Prize of Maanshan Science & Technology Development Award ,Expert of Youth
Station Award, Maanshan Scientific and Technical Awards-Special award for technological innovation,labor
model,member of Maanshan All-China Youth Federation. He has been dedicating to slewing ring design, new
products development, process improvement, technological upgrading, and etc.

He has applied 18 patents totally, one of which is innovation patent. Gyro turntable project hosted by Zhu win the First
Piece of Ahhui. Zhu has been involved in 50 process improvements and presided over 18 projects, including
completing process technics of 4-meter slewing ring on 3-meter CNC gantry milling and drilling machine .

[6] Hu Henggiang,Director of equipment department and diretor of heat treatment research institute.He has been
working on heat treatment researching and equipment management as one of the inventors of slewing ring with gear
hardness gradient.He won the Top Ten Outstanding Youth Award and Top Ten Excellent Craftsmen Award in 2017.

[7] Bi Juanjuan,Vice director of technical department of Tongli slewing ring, graduated from Anhui University of

Tecnology. She obtained 24 patents for utility models and composed 26 manufacturer's standards. Bi has provided
customers with nearly 500 optimized designs since 2019.
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