H¥8 TF3 %2 1004330108
HEAABRERE
F AL X

o AR R 2 F NG ABRE
a5 B R

ez Bk

ESHInER KL HR

¥ X HBIEN
RIEEMER__c&2mt: ¥ A & R EeTE

IR HER 2013.05 3 EHEERS 2013.05

saEren HEEAMERE

 EMERAEE AL

o AR e § %ﬁiﬁf-

RN

e e e



= i

5 N E BT 2 A SRR R BA AT S IR B T T TS AR LIS AT
SRR, REFM, BT 0hESERIMMRES, FETARERb N ASREDE
B RS TR, B AR AR AR AL D iE A B e AT
P R . 5 B— AR 0 R A AR S TR T SRk S YERR SCR AR T B i i
FrFeIs T B0

ERE SN E S S VRS AN A, A R — YRR T

IR A %ﬁ {- Am: 2035, 4

KT AR B YL
KN5ed T RIERARE RS H R RA . ERSARINAE, W FEAIRE
3¢ 10 L 5 S DRI A A B0 16 SO EE R T AR, AVFRSCHEFIAE A, i
AT BIA RS A6 A B P, W LURAIMED, METE e E T BRI
3.

o

R S SCE s SCAR 3 R R =T B D

wxcreassgil-  wSwNES: ;&//fé@ A 33 5.4

A AR BRI CERARD AR AR OCREE X A6 SRR
7o, JRBIL R RS AKIRAE BRS . AERSURAEME: O, O—fF; [
A

i@jti’ﬁ#é%%:%%{@' 15 HOTE: f;#-ffé-iﬂ i 3+, 8.

VE: EEILTURTER SOH L.




PG SURHE K L
EENEREZEZTHHRIURRE ST 5 BERE

+ . BATAE
Mot A Gk
FFHIP: KRR HI
¥ E HARIA)F
O

[ 2000 4F AT 2Bk BE L0142 BRI 2B = R s s s ah Lok, JR[E 4
WPl AR N T — A midt R R 1. SRR =, i T4E AL R R IR L
AN FNGHY BTGB, A S & B R AR P R Rk, AT VR A =g, PR T
AR . BRI A R R, H AT Bk A0 B b Ik 3] 15% 04, H2&Rk
W Hr 3 7~9 i, s ARIEBIE =g, &)1 TR SMEERA 2~3 Jrmi, SRR 4]
W EL o ) A PR ER A B M = Y 80~150 JG, gAMbt il T AN S dE . BN [ 77
BRI 7= i, ooy RIFE&WE T, M sr et MR LR Rk ER )
ERIPER7IEEEIS R RIN] F IS

WA A BRE BRI AR AT R R R L BRI . BEX
Be i) 8, ASCR FHANIAS B S e a0 AT AR M 2R FUZ KIS 57,
PRV BT RO BIFFE T T A (R BT A AR | - 0 30 i AR 2H ZPURT 1P R )57
MEHAIREERE: MR 450, BB AT T 8o As . F2LRuT:

(1) /NI AR 72 600°C BA B [1) il 5 135, 67MPa LA E[JBYN. ), 20CrMo #4
IR INEIE G AR R B ARG AR ST AR S o A5 2Cr 13 A 3%/ Ni i
A%/ AT Mo, w4 /NI il A R M, W R N AR K

(2) JREMLER S, T H ZG30Cr26Ni5 B mrim N I Bk . Préafhik 22,
S RAEPGEBER, SEE AWML . Z6G35CT24N1 TSN H Al R E Al A 1100°C, 1M
Homl s, P etk gelr, E&HEER. MM .

(3) AR ) A BE Rt IR 2 B T EERAT RN SR AN M G BT IR TRk
AT T FREER A Al R MBI 2. KA 1Cr18Ni9Ti B AR R AN AL R
VR R . W43k B MR IR S5 i, TR OR BEIR AR 5T, UGB e 401 2R 3 11
KA GBI AE R TN B R RE,  REAT AT IR RERS SR N IR BN A

(4) fENURIGRER Bl = A, e A 3R IR R A7 B AR I 5 ) L [m]
fr, IREREIRTORL, SEIRMIZATRekE 2 RO 1EH .



V2 FURHSOR 218 3

KRB BEEHL N TERBUR A s ks



V2 FURHSOR 218 3

Failure analysis and improvement research of chain grate parts

Specialty: Metallurgical Engineering
Candidate: Yi Lingen
Supervisors: Professor Zhang Conghui

Professor EngineerPeng Bing

Abstract

Since the production process of chain grate machine yratarpellets was successfully
put into use in Shougang Qian in 2000, this technology has dgreatly developed in our
country. But in practice, chain grate parts are easilfaitdbecause of improper selection of
materials and design deficiency, which results to greah@mic loss for the company. In
Xinyu Steel, the blast furnace pellets ratio has reached Bbfcthe production quantity of
pellets is only 70000 ~ 90000 tons for one month, which isrdan the design capacity. And
20000 ~ 30000 tons of pellets are needed to buy from other corepany month, which
leads to economic burden since the higher price. In dodercrease self-produced pellets
production and economic efficiency, it is necessarilsettuce the fault rate.

In Xinyu Steel, oxygenation loss of grate bed parts, deftiom and fracture are the main
reason for failure for the parts of chain grate machHméhe present study, visual inspection,
mechanical testing, chemical element analysisetallographic analysis linear expansion
calculation were used to explore the failure mechanistetail. The antioxidant regularity of
heat resistant steel, the influence of various elemamtthe microstructure and mechanical
properties of heat resistant steel constituent, andnthterial welding performance were
examined. Based on the analysis, improvement experinveets carried out. The main
conclusions are as follows:

(1) The working temperature is higher than 600 and the shesmsstan be highe
than 135.67 MPa for the small shaft when it is used. k ¢bndition, 20CrMo is easy to
creep and fracture. And the 2Crl1l3 with addition of 3%Ni and Mfocan improve the
microstructure stability at high temperature, which fatisthe performance requirement of
small shaft parts.

(2) The old grate plate structure was thin, and ZG30Cr26Ni5 exdilpitor abrasion
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resistance and oxidation resistance at high temperattmeh easily leads to failure. While
ZG35Cr24Ni7SiN can work at 110 and shows better mechanigpégires and oxidatn
resistance, so it is suitable to make grate plate dedpsinel parts.

(3) The reason for oxidation burning of side panel mainlyihethe uneven distribution
of pellets and the improper operation. The fracture faiafrlinks is due to the displacement
because of the loose of parts at high temperature. 1Cr18ali@Tenitic stainless steel was
used as slipping plate and the swing scale of the behingevas adjusted to proper level,
and so a better distribution of pellets can be achidweck nuts were equipped on both sides
of the main shaft, and chain loose was prevented.

(4) The addition of mandatory automatic reset device indhé of the chain grate
machine can force grate plate return and avoid empty o e, it is also can play a good

protective effect for the grate bed.

Keywords: chain grate machineheat resistant steel; failure analysis; improvement

experiment
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Fig.2.1A small shaft bending deformation Fig.2.2High temperakp@nsion shaft side elongation

after

2 1. 2FERD L

PR N S EIOREREAT A 2 B I, 45 R 2. 10 R4 R, &b
FrifE: GB/T 3077-1988, iZAFE &I N ANFI A 20CrMo + 25CrMo. iZAMNFRARIE R Ry, 1E
500~520°CItf, RmteAm, WIEMERAF, JohlKNetE, AN AREYE, A T SR
VERS R A, —MAE TR RES B JOIRAS FAERT, T8 e R v A 0 B A IR B A1
T 250°C. HEHAEIRESYMA T TAER G S MM W BRI BmEAT,

ke BhAE. AR Cro NiS R, HomiiamE . JUE A ez, 5
10
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LRI AR AL o /INE SR AR B ik 600°C AR, 3%/ NS A1 AN e AL
TEZER,

® 2.1 P I HTATR (Wit%)
Table2.1 The analysis results of small chemical componemit%.)

5%y C Cr Ni Si Mn Mo
Sz 45 0.26 1.42 0.227 - - 0.148
20CrMo%
— 0.17~0.24  0.80-1.10 - 0.17~0.37 0.40~0.80 0.15-0.25
-
25CrMo%i
- 0.22~0.29  0.90-1.20 - 0.17~0.37 0.50~0.80 0.15-0.30
-

2. 1.3 HE MRS

Ay B A
AT PR /NGRS o o DDA A PR, AR B AT R BEAS I, 4% GB/T3299
—1991, GB/T231.1-2009 AL K2k, HEARA Smm IE BT 4 BRAE T50kN [
B4 N ORFF 10~156s BTN, B 3 45 5Ty, (AR 2.2) 45 R, &AMkl
(WA [RAE RE 2 ok 224HB, TibriE 20CrMo #M (1) ) 2 VEREFRF5 A 19THB, XFLLA5SLULEH, #4
BHOAEAT R R P L T AL A
2.2 /Nl RS &5

Table 2.2Shaft hardness test results

WP 17 il 3
A P B
222 224 226 224
(HBWS5/750)

20CrMo N bR UE(E - - - 197

B, ik

RN B e Re . MRS P DIBGRAT, 428 GB/T228-2010 FrfifikEebs
AEIN b APl (B 2,30, HEATHRE . REas R (W3R 2. 3) o ik s o mr 4,
S AT 20CrMo 4MARHE, FFrHS IR 0.6, KT 20CrMo 4MJEsR L (0. 77), wJ I,
MEMR a2, 5 T RAEDS AT,

11
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70 = 70
/ \
= 350 Y

Bl 2.3 N R

Fig.2.3 Small tensile specimen map

* 2.3 Mhp i gR

Table 2.3 The results of small tensile test

I H SZPNME 20CrMoFi bR HE(E
T R5ERSE ReL(MPa) 404 =685
Pihra s Rm(MPa) 671 =885
W f5 1K A(%) 8.5 =12
W T4 R Z(%) 9 =50

C. /PN SHETZ )50 H

FEANRE LIRS 1 6 20 HERE. 440 HU/INRIALA IR KHES . BEAC TSk Z=16, BETY
HUCMIE P=200mm, IS ERATRNE 170mm, AEBRHESE 2.2 t/m’, TAERAWIN 45min. 1E%
BAT M R 1.95m/min o BK A 77 4 AE B 00 B = AL B 1k e 2 B0 R )
BHFD190-115-0. 93-7. 5 X 2 Iy B3R Z)), ol HLSAEBIEE i=1170, it
n=0.1~0.91r/mim, 1E% TAE%E: n=0.5~0. 7r/min, AFKHHHMN 115KN. MX 2,

WU IR 4T, 5KW. ERSkA 1T PE FLAR 04 © 1025, 17mm.
2. 4 R T NS ) SR R Bl AL
BEVT LARRL) CNBITRZ BT D)))):
1 1000 _1 1000x4x75

:g v 6 195 :153876\|
60
JINB 2 T A
A =%><71:12 =%><n><382 =1134mn?,

12
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B 2.5 7 T B B VBRI S5 R T AR . A,=3608mn
HPL 4= %0056 ) NSl BT 52 BT Y 1 T

__=@6=13567|\/|p
A 1134
HLRL A% N B BT sz b N ) o
Uzi:w:4264MPa
A, 3608
’F
' M
1N A
=
{4

K 2.4 HHEEE BN 7R R R

Fig.2.4 A small shaft single row chain force diagram

K 2.5 B R/ E K

Fig.2.5 Schematic diagram of minimum cross link
2. 1.4 /NS IR TABEEBRKETE
Yk sz PR AR B —on] R AT T

o=l =ax] x(t, —t,) (A= 2-1)

ol s e K

13
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a—Z KR EL BRI R B 13~15X10-6°C—1, ATCHL 13X10-6
T-1 ;

Y R R R, T

Lo IR R TR, C;

LR A K, s

o3t B AR P KB, o

INEEEIE B A P2 R, BT B NN AR i, Ik 600°C A AT, /)
A SR R 4118mm, AR 3N 2-1 HH, /NGRS 1mm AE A
F TN 2, DR, AERE A OB I R R AR . BT FEE
i, EARBEEELE BT, INGRWTCAE 5 T 25 TR 5 1A /NS B M 308 5 7L,
DL T pr e, P rEAR e . iy N EIKEE N 200~250°C, #HEA 18. 1~22. Tmm
(K G ASBEZE TR, 5 00 B8 0l ) 7o Hh AR 35 4K BE A2 .

2.1. 5 N R R A 9 #r4hi

AL A BT T AT, NBIE Tl 20CrMo %, 2500, EREP &% & BHAE, B ib it
%, TERIR RN T, S R, 5 R AT, BTG, N
A I A B IR 5 T MBS . (KR ARSI ML B S 1
SPERIGITE A, BUBRELS TS, B, /NVEIMTORAEM L35k . I, BATIFSCR
B, AT AR TR EIE, R SRR IE R IR, AT R A, Nl
LB 2 2 R, R I T 5 e s

2.2 BIREAMIRRA S
2.2. 1 BMAIRD AT

M I B S BEAT S TE SR A A L. AR AV 22 i M e
BAE LA, FIAEAAL 3mm (JR¥TE Smm), BEH™ HAME AW, (WA 2.6)

14
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2.6 BEAIE IR I EAR

Fig.2.6 Grate plate wear and tear of grate bars

2.2 2LFERD L

TR R BT St EIOREREAT A 2 B I, 45 R 2. 40 RIS R, S
PN GB/T 8492—1987 H[E [ brifk, R 5-22 KAV LF I B NN 5 5 Hh2iAh 27
J§5r Rt E0 (%) AT, e FEimaN 5 8 Z630Cr26Ni5, B Cr flksl, Henk
R FEARTF A bR VE L A2 1K) ZG30Cr26Ni5 44l 73 Bk o S BT #0540 (1) P R 5 H i&
ZG30CT26Ni5 AN A& 215 vl A VL T3k 650°C, Hpddiamy I Bt i IR 4 1050°C, 7
650~870°C 2 [ Zh 4Tt o Ao AR BN A w4k B L1004 2 A A Bk A DA RIS 15,
W EHUE IR Fi N2 BRI B T RE B LS N B 25 ik e 7 il e 750°C Ay, LA
EE LB BRABURSZ 2L m I TR . Rk, A U PR B AR T i 2K

L 2.4 BRACERS LR (W)

Table 2.4 The analysis results of grate plate chemical composition

%0y C Cr Ni Si Mn Mo P S N
SN 4 5 0.31 21.85 4.75 - - 0.095

ZG30Cr26Ni 0.20~ 24.0~ 4.0~

. <2.00 <1.00 <0.50
5 G bR 0.40 28.0 6.0

2.2.3. WEEKN

A ok 1 BEARORE i e DD AR BB B (2 AN, XRPREBEAT R BERT I, 2 B
GB/T3299—1991, GB/T231.1-2009 figi BEiki sk, HEAAN 10mm [FIRE A 4 BRAE
3000kN (RIS & N ARdr 10~15s 4TI, WE4EH ILE 2.5,

15
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2.5 BT R AT IS5 R
Table 2.5 Grate plate hardness test results
W iy 1 v 3 - HE

A T g A1 1* 253 293 260 269
(HBW10/3000)  o* 235 210 248 231

2.2. 4 &HSHT

L0 BN S B T 7 T EORE, 2B, 0, IR 8mmX 20mm X 30mm R, IF
MR, E KR, ) DMIRM 4 AH BB MEARE I B 2. K 2. 7Ta 5 b
A3 A BARAEBOR 200 £ 500 f5 1) BARLH . KR B 20 B 4k + 1
IR BR AR HREIR BR A o

(b)

Kl 2.7 B B A 21

Fig.2.7 The microstructure of specimen
2.2.5 BIRKRYREEDEIL

WSS 3BT a0, AR K e 3 $RAE I BEARUIT FH AL AN 3 A2 L 0 P 455 2
Ko BRSSP PUBYE, P ZE . ZG30Cr26Ni5 AW JE HD A4,
AR P A i FAVEN =0 R R AR Pk e S R A, JLARVEEREE o 223HB, SN A 2 LEARHERS
s UIARHEAE S LT — 2 A LIS . A BSOS A, BRI 2R
LU BRER, kel LW, BEARKIILE 750°C UL B T TAE, milhsm s, bk
K, HEFEVEZE, EAMBEATERT, W2 AR EANWT . B SR A B A,

16



S R P e
BBUSAT BREE LGRS ALERHN , AEERE PRI R B R 2
2.3 #ETRMRE 54

2.3. 1 ERIRH

TS R A B T AT TSRS RN A3 AT A B W VB B2, ] A i i B 11
AR SN TE R« BT 5 R ahaE R mh A A BE O™ B, R B AR TR e T YR 4%
THLERAALE, I H 2T SRR M A2 17307, HE 1T Wi O Uk A 70 w1 5 —HEBE
%o (UL 2.7)

B 2.7 W R

Fig.2.7 Link failure

2.3. 2 LFMH S HT

PERBVRETTAE S EIOREEAT A 22 B M, 5 R 2. 6. MRAINASE R, Sy
EEEN GB/T 8492—1987 i [l B SXARHEREAT LUAL, 1 FF AN 54 ZG35Cr26Ni12, misy
LSRR HERLE K] ZG30Cr26N1 12 HW B/ A o 1M B} B im A HIIELRE S 1100°C, il 5 v,
PrALYERELE, RS TIZ O TR 2 R R . MRS TR BT

17
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R 2.6 WA TR (wi%e)

Table 2.6 Chemical analysis results.

5%y C Cr Ni Si Mn Mo P S N
ZG35Cr26Nil2 0.20~ 24.0~ 11.0~
. ' <20 <20 <050
BN bR 0.50 28.0 14.0
Sz 4k 0.25 2535 11.16 - - 0.141

2.3.35TZFHEMH

MR B R g R, BE M i ZG35Cr26Nil2 & T HH 454, iR (5
A BRI TERE S R BT A2 TN Y, HH A4 4F 590°C 1 Ji IR A% R 4 258MPa

T e A BBk Ms=1.2~2.5, Acc Ms=2.5, DA, T (6 LI 4 N
[0]=9s/Ms=103. 2Mpa, 14 2. 1. 3 P45 5, 515 IE # 8 50 BTz 518 /) 0 = 42. 64MPa

<|[a].

2.3. 45T

EWR A& BRI EN G, SENEEEHLA SRS R I, Fe AL 00 =l 58 5 1 Jo e & )
B, FEMJCH T E ., SRR O RE, AEIFEAL 5 REERS L EE S 430 oA 785mm.
783mm. 780mm. 78lmm. 783mm, EETIEILR, EP4EEA ORI 780mm, X LI AL
Panran, HERALERE T B,

2. 3.5 EEPRMER LIS

TR e T AAANE B, SR, SRR TR AL, BRI AT
FEFPPOZITIE S, SR R, BERALEMBIIR, FERSHHLN, DN, BT HEERe
ABEIEH WG, SR HBER B AR Wro DAL, B RRCE 20 i T s A A B,
Hosl & A3, L2fA i .

2.3.6 EMERITE % BHEOEBE LR

H B L IR R C D L B G 1, R MRS KT A SO IRET [ 8 et 8 YA AN
REHCHY, DAL N BN, BATIRHS T 2 MO i A RER SR 1] 2 S A . 22
AR R e L, A 2B A B [ 5 1y A0 2 ek, R A F IR A R . T2
A&, YRR IR A, AR N I e it T B R . R S
BET RS WA, ME— AT 5 V02 K T R R HUR BERE 1R O T AT T B o R — A0l

18
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BEFC (VA B 3~5mm Ji5, BEEHAER A MR IER IS .
2.3. 7 By ESETI M R R Im B T 24215

I3 R BERC [ 8 WA AR DL, AR e A it B SE T, BRI RN REAT T B,
HZH R IL IR IZAT, IR AT 24 ) T R A F e I, 4 BE 1Y fR Ok
PR

RN 505 il SO A —H, HL SR A RS AR, HEKAE1, BTl
AR, /NS TR LR A AR o TR AT, B LR G B T 300°C I
NEISZANZIKE EH 2 6mn oAy, XN AL, BESCS EAREERS vl DR IEF W Ao DL,
FENLMA IR ST = 2 300°C LLEAHL. MRS 300°C LU MeHLEEAT £/ A, REfR
UEREE LI 22 4 IR H 81T .

HH 2012 4 6 HEMEEEHL 0T, RAZINESATERAE, AT RabBh L T HEYY
SIS RS

2.4 AR 2R 38R [ 53 47

2.4 1 BMHIRD AT

THE X R AR A T WA A R B, A - BR AT A A S pR YT, R e g
i, (WK 2.8)

2.8  JRifBEEMbE R AR

Fig.2.8 Local oxidation burning loss of the side plate failure
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2.4 2LFERD L

FERAZIMBHE i EEBRE (2 AN) AT A 27 AR, 25 R LR 2. 7. AR PEIA 45 R,
5t GB/T 8492—1987 H [H [H Kb #E AT LLAR, /5 ZG35Cr24Ni7SiN AN AsHE
A FEAANTT o G R e Al PR R 1100°C, PraALTERELr, Bei L3k i T sf

5.
2.7 MBALZE By T 45 R (wit%)
Table 2.7 The chemical analysis results of plate%)
JEAy C Cr Ni Si Mn Mo P S N

g R 1F 022 2366 6.88 Rl RWI 0.198  RM R R
SZ R 28 048 2325 7.02  RM ORW 0.122 SR R R

ZG35Cr24Ni 0.30~ 23.0~ 7.00~ 130~ 0.8~ < < 0.20~
7SIN £MARiE 0.40 25.5 8.5 2.00 1.50 0.040 0.030 0.28

2. 4. 3 MR TR 5+

MM 22 B AE BRI — A, F L&, M FIgEm Ly, SHERR— MEshs
o MR X E IR MR ERAS B o R 25 £ 4b T i SRR I AS AR T3 R L
YE o AR 55320 (R AR ]S e AR Srar Ve R o S8R 00 s IR RN, it 2 3 B
MAE i DX e, A AR R T 2R R
2. 4. 4 MRKHEE LSt

MRS R 25 B my DA o, RSO s a2 k. BEB AL IR ANAT B DAY, 24
MIBIZAT MLk i DI, b 5% 85 7E il ke, A I L 23R B I R AR
FE, 2 AR R Ak A s A

20
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3 Wit HiEM . MEERILNE =

3.1 MR TR (L A

M N L AFe Cro FEITRING®, BNV HIGRIEANL Si%%. TN HIN P Feff
1= AN R P, RN RE R R N AL (ARSI | (A3 |
3-8, MR AL PO LA, 7 LK K IN TR] P SR8 4E Ak, Fe 40 A4 It
JFFe0—>Fe304—~Fe03, HHHFeOR A 5 M, (EfFFe %Ak = 32 2 HF e304F1Fex03t4 Bito 1T
FEAREAE (13Pa K, FeOsffEAZ B EAUR, SIEBAIRR)T IFes0s, A HIEAL
M {ER%UE (0.132<X10Pa) ) FeOaft A% RIAEKHE w11 24 4 A 3 T T e
B Fe0a)z N, SEAHE W2 FRAIC. RIFefA I S, AUy, S s, 4
WIE T Fes04 LB imrs ARG, AL EEAAIR, A2 T I W i

Fe (s)+0. 50,=Fe0 (s)

AiG%=-264000+64. 59T  J/mol (A3
3Fe (s) +205=Fe304(s)

AG°=-1103120+307. 38T J/mol (A3-2)
2Fe (s) +1. 50o=Fe503(s)

AfG%=-815023+251. 12T J/mol (A3-3)

M AAVEA R A B R IR Cr, CrR AR S N T R 22, B3 LI e N4 72 Cr 203,
S N 5 FE AR

2Cr (s) +1. 50o=Cr,03(s)

AfG%=-11110140+247. 32T  J/mol (A3

H (ARX3-1) ~ (A3-4) KNATHET, HAEL1100°CHE, PUAS RN T FE ) AGH il &
~175308. 24]/mol, —681041.15 J/mol, —470334.89 J/mol, —770532.54 J/mol, I,
Crif 8t S N AGI DN, RN S RE T 3. 1B G S R i A2 . HS. 1a]
A, EAMAN G, AR A A S, TR AR AT, A 4
BB . S BN, SR RCr AL . Crifin A & a P E AL LB
EHE.

I
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F6203

Fe304

FeO

Fe(Cr,Fe)Os

Cr203

v Hefk

K3, 1 RN AL 2 s = A
Fig.3.1Heat-resistant steel oxidation layer diagram
M3, AR LAE AN STt 3 AR EECr 055840 2, T Cra0/2 X BEAA Y
PRI VE I KB AR R0 — U Z T R R A 2 0 A KR PERIB 144
Tt B HEAT: R4 S B RS 4B

3.2 MG & P B IT RN AINA LRI

B BRI TR, AOuE, FRilR e SmAEE THAS S A, E
G ARG T o BRI R B G PR R 5 S R A SR i A (1 i 5 e
VY. EWErCr20%h B, HEINNT ) AR TR s A BT RE ), REdE SN I )
PE, S A BRI, BRI B T AR, ORI, $em T A4
FREG i R, AT 5 <6 1 mii UiG A RE )43 LU e BBt s, ARSI S A H
]3RS R AR,

e BAERIES SRR R RS S T, WY HL R R E . BRI —
AN EZER RIS EE S SPUAME . S EE14~20% M6 8 E500~700°C =<
R E S Cro005, A KA EH . 7E800~1000°C A 4 B MEIEAR {548 S
Cra0s, JLAMZENIO. Cr0s. ‘BEARMAOGEH, REE, HH RIFIRTERE 3,
R R25%, e s E e MPURILEE ).

B BROMRRE BRI, R RAFMBAEGI R R RE T R e 59 4N PR T S |
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T FEYE, AT AN I Hon TPERE . BRANER TE Rl Bl A4, 3 i v 2k 32 4R B G
(PR P RS s Bl (Rl IS SO BRTE G 2, JHE SR AR — 3 0 B IR 1o B4
HH T RGN LA AR IR, BN AN BRI AR IV, A Il i S 21 o RO (A B 588 11
VE o Sl Rt 1- 1 AH B A (1) v AHDX, B AN T AR e B8 IR A 2R I g 0 A I T2
CUERACER I 4, AT 2 Iz

fk: 75 v - Fe T RE RTMEE KL 02%, 4570, 35%C HiFE B FCARMN (K 5 K g
Y99%. 7F a - Fe TR WA RE KLY18. 8%, LRGN T Bede s b el . il
FEH T RIAAR . R BIPUR I G2

B MHENINANTE EDZ 0 T s S0 mos i . NEG b E L UE T
XAFAE, D LARNE B AFAE o ke s B ol 1) \ T e 5 g i 4 b AR e b T 4L
TED G EAR b, S AL BRGNS 4EUAG ER ( EAL DB B A% JE B . B 1
HLPEIE, RS SR, AmFem e fe k. (2 RENEAY) = FEE b
AT . JFRARITE . — AN T B filfEw (N) =0. 20%~0. 30%1t FH=3,

Bi: BERE S SN, (EXI N S L, R PR RE AR IR A Bk
BEZF IR T BB AL, A T A P (B8 24k, AT E T St TSR o T e Hsk e
ANFRATI, ATREAE TR AE AR I G, T RERAL, BRI 5 G RS TR ik AL
B, TBRALER BRE LB X 0] B A ™ AR, R AR, A A R ANBR 5T
FRE2 N B 5 A BRS8N E 0 =Y B0 N A S A7 BRI AR, AT e
BT B EC AR 2 RS (R 5 ME DL, TP AN BERE AR, IRk, AV A I I
TR R, — M C =K.

i toos: WtooE (RE) EWHIERAPA, = EH, 2680 ER.
IIARE BeARMBR 2240 iy B & BEEUE, LS AT B, il B %5E
TE R R S A, T b BRI B0 30 AW BT B I e i . AW R INNRE g
Figifl, B G EN I s AR A PR RE R i R AR RE s G AN I B A A 2R R #um Tk
fE, IR EHATH A d. MLt Ze (RE) <0.1% AEAREOURRsITE, SER% R
Fik, R R,

TEAHIMACry Al Si%EJtE, W LA FeOH LIRS, BB 1 il A 2 Ao e
PR, W RREUR I SR, WICr,0s. Si0p AL0s2%, W AN BTt
ACr. Mov W Ni%§yG#, wEAIEORGRICE A, (PR it B 38w, Mo s
FEF FIISRE . Cry Mov Wy VERJGERIE ] B OB FE i IAKRGE MR msAk i, oA e
Rk —ERRHERILER- . NI sia)E, AR R, bk, I AMn, Ny Si
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w

3 EHEMBIZF TS

HATBEE ML IR B b DT (i AR SAT R mr iR e B o
Fodtr 5 ABHNRIL, (Ean& i, M sl MR R e . et m AR AL
TR SRR SR ICER, WA B B B B B BRAE, T HLIE K
Ao FrEk, FELEMI, BR T ORUEHALHVERERI AR fr ok, 36 T HOBTRIRARL K A Bl e 46
FRAS, FRPEI AT A, e A n R, T R A N 31,

Fls0 AR, FRIE ER AR EEAORE . TR E N T W, R
55 [ LA R SRR =il <, REMIVE AL Wk, AR AR BRI LA T2 iR,
HATC A T 3 B SR 2 R AN il 5 <e e — FBOAA) v B AV 25 A7 R AR % (L
R T20 %) Ko EARK, REREA AL SR TR A PE REA SR IE S T (1 R . H
TR, IR SU AT B SR S bl A (A, SRERLR, EPERCK;
IR TARR R AR S R EARAR, HPTHR 55 P e DU R (R RUE TSI AN ES
NGRS 5 D Rl A P E I R, BRI e DA€ EINE, SRR KR
= BREAAOSURI AN o B8 AR SN, ) RN SR, B A e il PERE, i
4y ke, MESRALIIGTIRGENE. HELE MiteE, BEEAIEK e, ek
A2 KRG I WFFEER I, ZGCr—Mn-Ngh Y i AN AT BLIG BEMn . S1. NAF & I0R
AP NL PR R, AARH il [ Vs A B S A 2300wl U P AT e v
P, Ik, AR A TOUABT PR, T A, R R R Py R
AT LA . B B AR R T 24

3.4 PR RN IR IR ERE

HEEHUERAE MR Matr, /8 N EREE B RIE200~300°C, BIARMIYES 2K 7
PREE, FLEAR. /Nl 3 (1 [ € B SUESRCR RIS A 238, L, ZORFAF 20 H
B IR A RE
3. 4. VEUKIK HH i EORBIR T 1A AP AR e -

HEELERAEIE S A, BAL 7~2. 2m/min (MR SR 5, 1847 ok A AR
PR RAERR R, a8 & T BRI T 2 AL, WIS, 2. BEEHLLE IR 2 5 AT
N RARFRH R TP, K5 S B R GUREHE P, BIRBR IR, AR
GUBAL, B ERTCR MR, RSO0 N, OIS N B L L 1RSI T AR L ERSE

24



V2 FURHSOR 218 3

(FP sl | R s i, ARt B DL F RN AME N AN BRI, M 5 BN IE & A2
(RISAT WL S AE B BE B A, AL BRI (A AS BB 403 s DALbG, 2SR AR PRI ] A0 20
ROTBER . 5 F BRI SR AR B 4200~300°C, BASE ¥ R gR[E e, @
FENMELK, H 2Bk N S F 205 IR H b, JERR R KR E
e BN ] AR, SR B, SR AR ] 52 7 v 2 e AR T Ik B A g A [ i B IR RR,
Whze 4, SCPREE, 3. 20 BEEHLISAT T TN LRG0 ] AR [l e 1. Rk, 7rik$E
B BN, o 2007% B H R 5 FAT RAF IR e fE

K3, 2 #EEHLISAT HYES B

Fig.3.2 Repair grate grate operation
3. 4. 2Nk 3w PR [ 58 BEVE B R LR RAf IR RRERE .

/NGl o 0 S A LIRS, 3. AN A R A R, AR R RN
BRtEpy, SRR RIS, CRER SN RN RS AR €,
PERZB b Nal BB AR, NAERA L. DRIk, BB/ INA T, A B
FAT RAF IR o 8 FH IR S BTt 06 200 55 /NI G, 5 AT SR 1) vl DA B
prea et fg.
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BEH

1__/J\Z%’ 2““%%a 3 4'“@“)5(’ 5__/J\Z%§’ 6"%%’ 7““%%

13, 3 /Nl i 2 2 45 4 P

Fig.3.3 Small shaft end mounting structure diagram
3. SHEE LB R LIt
BRI AL Tl (800~1000C) Lifiiid (200~300C) AR Lo T LAk, T
PRI th e WL 3.4. AR, BIRF A 2R mili, 2R 2 . —
EAE A F AR B, TR RS2 FOR B AR . B I, BRZ AR L2
W 2 BAT R (0 i i 8, B AR M il i DU SR ERE .

1100 |
1000
900
800
700
600
500
400
300
200
100

/T

10 20 30 40 50 60

t/min
3. 4 BIR TAEIRE ik

Fig.3.4 Grate bed temperature curve
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[ Sitn NG 2 e
4 B3 5ike
4.1 /NRUH A R

JE/ N AN BRI TAEZK, AR T4, mIdEe TAE B KT 600°C 15 (X
PRI HE 20r13 HIVE & AT o D FRARANER AN 2013 f i IR T T« TA) BIRA% Sk 735°C,
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Fig.4.1 X ray diffraction at 900C for 12960 h spectra of the oxidized film
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Fig.4.3 The original grate structure diagram
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Fig.4.4 Map grid plate structure improvement
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Table 4.1The analysis results of new small chemical components (wt%)

5%y C Cr Ni Si Mn Mo P S
. 0.15~
2Cr134niE 0.5 12.0~14.0 - <1.0 <1.0 - <0.035 <0.030
SN 4 G 0.27 13.64 2.9 0.26 4.78 0.209 0.027 0.013
(2) PrAHIR L

MBI R INERE 5 AR DGR, e MR GB/T228-2010 Fr ik Be brvi b T sepr ik 1),
BT RS . I E R (WK 4. 2) o IRIGLE R T4, BITE 2Cr13 Jeml B3 7 —
SEI NI A Mn, 3 i AR S pohr o B L 2Cr 13 Ay B sy, UEHHSRIE AT Wifs
A W T e e LG 2Cr 13 FRiERAIC, UL BHPUAR TR AE ) o, F5-5/Nalbd 5t
SO o X6 L S AT K /NG (20CrMo 9D RIG 45 H, B /Nl e o 2 vk e
U T fie ) 4T Bk o

® A2 bR R A5 R

Table 4.2The test results of small axial tension system

W o aonsmbs o
T JE A5 ReL(MPa) 524 =440 404
Pihra s Rm(MPa) 886 =635 671
W f5 1K A(%) 45 =20 8.5
W TS R Z(%) 4 =60 9
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Table 4.3The analysis results of new grate chemical composittét) (w

5%y C Cr Ni Si Mn Mo P S N

#
i 1 0.38 22.3 7.2 1.33 2.72 0.069 0.029 0.013
gamasR o,
2 0.28 23.5 7.48 1.64 1.64 0.105 0.034 0.006
ZG35Cr24Ni7Si 0.30~ 23.0~ 7.0~ 1.3~ 0.8~ 0.2~

~ - <0.04 <0.03
N bR 0.40 25.5 8.5 2.0 1.5 0.28
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Table 4.4Statistics of nearly three years of grate plate consumpti

& e
K 1B
20094F 20104 20114F 20124F
/Nl 440 207HR 281 381 321
) 44003 32154 21735 13708 11394
AR 88031 4183 1364 41434 1234k
B 26401 1298/~ 2764 3754 523/
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