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摘　要:通过珠海发电厂中港合资项目 1期工程 2×600MW燃煤发电机组超临界压力

和超 570 ℃高温的锅炉制造及安装 ,在锅炉受热面中的再热器 、过热器 、省煤器和主蒸

汽管路和联箱采用了国外生产的铁素体 SA213— T91(采用国家标准 GB5310— T91)和

国外生产的奥氏体 SA213— TP347H耐热钢 ,经分析阐述了两种耐热钢的金属特点和焊

接性.通过试验 ,确定了 T91钢和 TP347H钢在锅炉生产和运行过程中产生裂纹 、腐蚀 、

脆化等缺陷的主要因素.有针对性的采取了相应的工艺措施 , 进行了母材和焊接材料

的工艺评定 , 获得了优良的焊接接头.有利于推广使用 T91和 TP347H耐热钢超(超)

临界火电机组锅炉的制造.
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0　序　　言

火力发电在国内能源工业中具有特别重要的地

位 ,约占国内发电总量的 70%以上.为了提高热效

率 ,减少 CO2排放量 ,适应环境和节约能源的要求 ,

世界各国都大力发展超(超)临界锅炉 ,火电机组向

大容量和高温高压高参数方向发展.国内大容量高

效率的超(超)临界机组近年来相继设计制造.例如

珠海电厂 2 ×600 MW超临界机组 ,邹县及上海等电

厂 1 000 MW超(超)临界机组均已投产运行.按照

标准规定和通常划分 ,蒸汽压力≥22.11 MPa为超

临界 ,蒸汽压力≥30 MPa为超(超)临界发电机组.

随着火力发电机组容量的增大 ,锅炉蒸汽压力和温

度的上升 ,使得锅炉的水冷壁 、省煤器 、再热器 、过热

器 、主蒸汽管道及联箱管道等长期处于高温 、高压以

及氧化腐蚀恶劣条件下运行.这就要求钢材具有较

好的冶金质量和组织稳定性.因而锅炉受热面必须

采用强度更高 、耐热性更好的高温材料.焊接是现

代火力发电机组锅炉制造 、安装过程中最重要 、工作

量最大的加工工艺技术.例如珠海发电厂超临界机

组上述四管焊接焊口超过四万个.焊接质量不合

格 ,焊口未焊透 、夹渣 、气孔 、咬边 、脆化 、腐蚀 、裂纹

等缺陷是锅炉受热面爆漏的直接原因.

1　T91和 TP347H焊接机理分析

中国超(超)临界火电机组异种钢焊接有两大

类 ,分别为铁素体(马氏体)与奥氏体钢接头 ,铁素体与

铁素体钢接头.前者主要有 10CrMo910/TP347H;

12Cr1MoV/TP347H;钢 102(12Cr2MoWVTiB)/TP347H;

T91/TP347H.后者主要有 T91/12Cr1MoV;T91/钢 102

等;直径 较 大 的 主 蒸汽 管 道 也 可 采 用 F11

(X20CrMoWV121)或 F12与 12Cr1MoV铁素体与铁

素体异种钢的焊接.T91与 TP347H的焊接适合超

(超)临界火电机组锅炉的制造.珠海电厂 2 ×600

MW超临界火电机组省煤器设计压力为 30.54

MPa,再热器和过热器温度超过 570 ℃.末级再热器

材质为 SA213— TP347H,出口过渡段管材为 SA213—

T91(国家标准 GB5310).过热器和省煤器也是锅炉

最主要的承压部件之一 ,所采用的材质与再热器基本

相同.再热 、过热及省煤系统管径规格在  41.3 mm

× 6.04 mm到  457.2 mm×71.45 mm之间.

1.1　SA213-T91

T91(10Cr9Mo1VNb)钢属改良型 9Cr1Mo高强

度马氏体耐热钢.该钢种由美国首先研制.由于它

具有热强性好 、强韧性高 、导热性好 、线膨胀系数小 、

价格低廉等原因广泛应用到超(超)临界锅炉的制

造上.但焊接极易出现裂纹 、脆化等缺陷.国内施

工单位对 T91钢的焊接视为优先项目 ,即焊接技术
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通过后免除其它钢的焊接考核.国内已开始生产

(宝钢)该钢种.T91钢正火并经 730 ～ 770 ℃回火

处理后 ,金属组织呈典型的马氏体骨架结构 ,导致

M23C6碳化物沉淀在马氏体骨架的边缘
[ 1]

, 如图 1

所示.在较粗的 M23C6碳化物以及内部较细的沉淀

转换成细箔之后 ,出现次微粒内较大的错位密度 ,这

种细次晶粒结构是 T91钢高蠕变强度的决定因素.

T91钢主要用于制造(亚)临界 、超(超)临界 、锅炉

壁温≤625 ℃高温过热器 、壁温≤650 ℃高温再热

器 ,以及壁温≤600 ℃集箱和主蒸汽管道.T91的化

学成分见表 1
[ 4]

.

图 1　铁素体晶界碳化物(TEM像)

Fig.1　Carbideinferritecrystalboundary

表 1　T91钢的化学成分(质量分数 , %)

Table1　ChemicalcompositionofT91steel

C Si Mn P S Ni Cr

SA213-T91 0.08 ～ 0.12 0.20～ 0.50 0.30～ 0.60 ≤0.02 ≤0.01 ≤ 0.40 8.00～ 9.50

Mo V Nb A1 N Fe

SA213-T91 0.85 ～ 1.05 0.18～ 0.25 0.06～ 0.10 ≤0.04 0.03～ 0.07 余量

1.2　SA213— 347H

SA213— 347H属于 18— 8型含铌稳定的奥氏

体耐热不锈钢 ,相当于国内 1Cr19Ni11Nb钢 ,化学成

分见表 2
[ 5]

.这种钢有较好的抗晶间腐蚀性 ,较高

的持久强度和抗氧化性 ,并且采取相应的措施也可

获得较好的可焊性 ,因此主要用于制造临界 、超

(超)临界大容量火电机组锅炉.珠海电厂 600 WM

超临界火电机组中的高压 、高温过热器和再热器以

及省煤器管路较大数量采用.

表 2　SA213-TP347H钢的化学成分(质量分数 , %)

Table2　ChemicalcompositionofSA213-TP347Hsteel

C Cr Ni Mn Si

0.04～ 0.10 17.00 ～ 20.00 9.00 ～ 13.00 ≤ 2.00 ≤ 0.75

S P Nb Fe

≤ 0.030 ≤0.040 0.06 ～ 0.10 余量

1.3　T91与 SA213—TP347H焊接主要问题

根据焊接理论和实践分析 , T91与 TP347H异

种钢焊接存在的主要问题是焊缝裂纹 、接头腐蚀以

及脆化时效.

1.3.1　焊接裂纹

经过试验证明 ,主要是由于高温结晶过程产生

的晶间裂纹.当熔池中母材金属内的晶界上出现低

熔共晶物(特别是低熔点硫化物熔点低于 900 ℃),

金属结晶凝固后 ,晶界存在的低熔点共晶物仍是液

态薄膜 ,此处受拉形成裂纹 ,这些裂纹与母材中的

C, S, P, Ni等元素含量有关 ,必须严格控制.其次是

结构应力和热应力造成的裂纹.结构应力是由于结

构刚度的约束和异种钢焊接接头线膨胀系数不一致

以及强力组对形成的.热应力的产生是壁厚的温

差 ,即管件从室温到施焊时温度的升降整体不均匀

造成的.结构应力和热应力造成的焊接裂纹 ,通过

有效的工艺措施及合理的结构设计避免.

1.3.2　焊接接头腐蚀

T91与 TP347H异种钢的焊接 , 与同类钢相比

较细晶粒的 TP347H提高了耐蒸汽腐蚀作用.这是

由于钢中 Nb元素的加入 ,在焊接和热处理过程中

NbC的溶解与析出 ,使钢的晶粒细化 ,细晶粒加快了

Cr元素通过晶界的扩散 , 与氧形成一层细密的

Cr2O3铬氧化层 , Cr2O3是防止钢生锈和蒸汽氧化腐

蚀最重要的因素.

1.3.3　脆化失效

T91与 TP347H异种钢的焊接熔合 ,奥氏体在

固溶状态具有良好塑性 , Cr, Ni, Nb等元素逐渐以碳

化物 、金属化合物弥散析出 ,并向熔合区过渡 ,在固

溶强化焊缝时使塑性和韧性降低.这是脆化时效的

倾向.另外焊接材料和母材中 C元素含量增加 ,则

使铁素体过饱和程度加强 ,也就是马氏体晶格变形

加强 ,焊缝变脆 ,特别是当焊缝中 P和 H元素的存

在使焊缝冷脆 ,严重时形成冷裂纹.必须严格控制

焊缝的含氢量 ,防止氢延迟裂纹 ,焊接缺陷引起应力

集中产生冷裂纹 ,必要时实行消氢处理.以上冷脆

时效在焊接材料选择和焊接工艺措施加以控制.
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2　焊接工艺

根据 T91与 TP347H异种钢焊接机理研究 ,在

上述钢材进厂时 ,严格检验化学成分和力学性能 ,必

须符合标准要求 ,焊接材料做工艺评定.

焊接质量与焊工技术操作控制焊缝金属的晶粒

度关系很大.每一次熔池凝固的晶粒在随后施焊被

部分细化 ,这决定于每一道焊缝的宽厚以及焊接顺

序 ,如图 2所示.

图 2　焊接顺序

Fig.2　Weldingsequence

焊前预热 200 ～ 250 ℃,层间温度低于马氏体转

变温度(Ms)为 300 ～ 350 ℃.在下一道焊接时热循

环作用得到部分回火.在热状态下施焊 ,焊后缓冷 ,

冷却速度为 80 ℃/h,改善了组织性能 ,减少了热应

力.

薄壁管件可采用小电流无氢源的双层或三层

TIG焊 ,背部充氩保护 ,防止焊缝根部塌陷和氧化或

过烧 ,厚壁件根部二层 TIG焊打底 ,焊条盖面.TIG

焊焊丝采用 1Cr18Ni9Ti或镍基合金 ,盖面选用低氢

型 R307焊条 ,有效控制了金属组织的稳定性和防

止脆化.

焊后热处理过程为焊后冷却至 100 ～ 150 ℃保

温时间 2 h后再进行 750 ～ 770 ℃回火处理后缓慢

冷却 ,消除焊接残余应力和热应力 ,热影响区获得回

火马氏体组织 ,如图 3所示 ,满足使用要求
[ 1]

.

超临界火电机组异种耐热钢锅炉管排焊后 ,按

照国家电力工业焊接技术标准进行焊缝表面质量检

查 ,合格后全部进行无损 RT检测 , 个别无法进行

RT检测时 ,可用无损 PT检测代替珠海发电厂异种

钢焊接接头一次探伤合格率超过 99%,焊缝表面如

图 4所示.

3　结　　论

(1)T91与 SA213—TP347H异种钢焊接采取

相应的工艺措施可获得抗裂 、抗高温氧化腐蚀以及

抗脆化时效性能均较好的焊接接头 ,适用于超(超)

临界火电机组锅炉受热面过热 、省煤及再热系统.

(2)为节约能耗 ,中国电力工业目前强制进行

推(炸)掉 100 WM以下小火电机组 ,兴建容量 300

WM以上大型火电机组.超(超)临界火电机组数量

不断扩大 ,异种钢焊接的研究应落实到施工工艺规

程中 ,使其规范化 ,提高超(超)临界锅炉的焊接质

量.
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RealizationofrapidcontrollerprototypingbasedonDE-

GMAW controlsystem　　HUANGJiankang1 , SHIYu1 , LI
Yan2 , ZHANGYuming3 , LULihui2 , FANDing1(1.StateKey

LaboratoryofGansuAdvancedNon-ferrousMetalMaterials,
LanzhouUniversityofTechnology, Lanzhou730050, China;2.

KeyLaboratoryofNon-ferrousMetalAlloysandProcessingof
Ministry ofEducation, Lanzhou University ofTechnology,

Lanzhou730050, China;3.CenterforManufacturing, Universi-
tyofKentucky, Lexington40506, Kentucky, USA).p37-40

Abstract:　Anovelhigheffectiveweldingmethodnamed

DE-GMAW (double-electrodegasmetalarcwelding)waspres-
ented.Arapidprototypingcontrolsystem forDE-GMAW real-

timetargetbasedonxPCwasestablished.Ahardwareexperi-
mentalreal-timesystemwasbuiltup, andsoftwareplatformwas

designedbyusingMatlab/Simulinktools.Thenexperimentalre-
searchonthecharacteristicsandtechnologyofweldingunder
fuzzycontrolandnine-optimalcontrolwascarriedout.There-

sultsshowthattherapidprototypingcontrolsystem hasgood
effects, suchasfastresponse, stableweldingprocess, goodweld

formingandlowerspatter.
Keywords:　doubleconsumableelectrode;double-elec-

trodegasmetalarcwelding;controlsystem;rapidcontrollerpro-
totyping

Digitalcontrolsystem forpulsedGMAW basedonDSP　　
LIYuanbo1 , HUANGShisheng2(1.FacultyofElectromechani-

calEngineering, GuangdongUniversityofTechnology, Guang-
zhou510006, China;2.SchoolofMechanicalandAutomobile

Engineering, SouthChinaUniversityofTechnology, Guangzhou
510641, China).p41-44

Abstract:　Anoveldigitalcontrolsystem forthepulsed

gasmetalarcwelding(GMAW)waspresented, whichwases-
tablishedwithTMS320F2812 basedonDSP(digitalsignalpro-

cessor), andadualclosed-loopcontrolofweldingcurrentand
arclengthwasrealized.Thetopologyofafull-bridgesoft-switc-

hingcircuitbyadoptingsaturableinductorwasproposed.By
adoptingthePWM(pulse-widthmodulation)generationmodules

integratedinDSPandselectingreasonablemode, thedigitalcon-
trolofPWMsignalwasrealized.Thedesignofthecontrolsystem
softwarewasalsodiscussed.Parameter-varyingPIalgorithmwas

appliedtoadjustthepeakphaseandbasephaseofweldingcur-
rentforpulsedGMAW.Aimingattheself-regulatingability

shortcomingsofthearcinthecurrentcontrolmode, afuzzycon-
trollerforthearcvoltagewasdesigned.Experimentsshowthat

thedevelopeddigitalcontrolsystemcanmeetthedesignrequire-
mentsandadjustarclengthquicklyandstably, thecurrentwave-

formconsistencyisgood, theweldingprocessisstableandthe
weldingappearanceisperfect.

Keywords:　 pulsedgasmetalarcwelding;soft-switc-

hing;digitalcontrol;dualclosed-loopcontrol

MicrostructureandmechanicalpropertiesofCO2 laser-wel-
ded jointofZL109 aluminum silicon alloy　 　 ZHANG

Weihua1 , QIUXiaoming1 , SUN Daqian1, 2 , ZHAOXihua1 (1.
SchoolofMaterialsScienceandEngineering, JilinUniversity,
Changchun130022, China;2.KeyLaboratoryofAutomobile

Materials, MinistryofEducation, JilinUniversity, Changchun
130022, China).p45-48

Abstract:　LaserbeamweldingofZL109aluminumsilicon

alloywascarriedoutbyCO2 laserwithoutanyfiller, andmicro-
structureandmechanicalpropertiesofthejointswereinvestiga-

ted.Theresultsshowthatweldmicrostructureconsistsofcellu-
lar-dendriteanddendritecrystals, anditsphasecomposition

containsα-Al, SiandMg2Siphases.Themicrohardnessofweld
ishigherthanthatofbothheat-affectedzoneandbasemetal, its
averagemicrohardnessbeing125HV0.05withtheweldingspeed

of3.0 m/min.Theheatinputhasasignificantinfluenceonme-
chanicalpropertiesofthejoints.Withtheincreaseofheatinput,

bothtensilestrengthandelongationofthejointsincreasefirstly
andthendecreasegradually, themaximumtensilestrengthand

elongation(121.2 MPaand4.3%)beingachievedattheheat
inputof44 J/mm.Thejointfractureoccursinheat-affected

zone, andthefracturesurfaceexhibitsbrittlefracturefeatures.
Keywords:　ZL109 aluminumsiliconalloy;laserbeam

welding;microstructure;mechanicalproperty

Activecementaddedbrazingofquartzfibersreinforcedsili-

cacompositestoInvaralloy　　ZHAOLei1 , ZHANGLixia1 ,
TIANXiaoyu1 , HEPeng2 , FENGJicai1(1.StateKeyLaborato-

ryofAdvancedWeldingProductionTechnology, HarbinInstitute
ofTechnology, Harbin150001, China;2.NationalKeyLabora-
toryofPrecisionHotProcessingofMetals, HarbinInstituteof

Technology, Harbin150001, China).p49-52

Abstract:　Quartzfibersreinforcedsilicacomposites(QF-

SC)wasbondedwithInvaralloyeffectivelythroughonekindof
activecementaddedbrazingprocess.Theresultsshowthatthe

activecementcomposingofTiH2 reinforcesthewettabilityofQF-
SCthroughreaction, andthebondingisformedbyinterfacedif-
fusionandreactionofTi, Ag-Cueutectic, pureCuandmatrix

materialsinbrazing.Therearesevenreactionproductsgenerated
inthejointQFSC/Invarbrazed, namelyasTiO, TiC, CuTi,

Fe2Ti, Si, Ag(s, s)andCu(s, s).Theinterfacialstructure
ofQFSC/InvarjointcanbedescribedasQFSC/TiO+Si+TiC+

Cu(s, s)/CuTi+Cu(s, s)+Ag(s, s)/Cu(s, s)+Ag(s,
s)+Fe2Ti/Invar.Themaximumshearstrengthis44MPaforthe

QFSC/Invarjointbrazedat850℃ for15minutes.Thepre-coat-
ingofactivecementatthesurfaceofQFSC, andthereactions
betweenTi, quartzfibersandfillermetalsarethekeyfactorsfor

effectivebonding.
Keywords:　 quartzfibersreinforcedsilicacomposites;

Invar;cement;brazing

Weldingperformanceanalysisofultra(ultra)supercritical
thermalpowerunitsT91 andTP347H 　　ZHENGKai1 , 2 ,
XUDesheng3 , ZHANG Xuelian4 , XIEFang4 (1.Collegeof

ConstructionEngineering, JilinUniversity, Changchun130022,
China;2.JilinArchitecturalandCivilEngineeringInstitute,

Changchun130021, China;3.SchoolofMaterialsScienceand
Engineering, JilinUniversity, Changchun130025, China;4.

ZhuhaiPowerPlant, Zhuhai519050, Guangdong, China).p53

-55, 60

Abstract:　 Twokindsofheat-resistantsteel, T91 and
TP347H– overseasproductionferriteSA213-T91 (domestic
GB5310-T91) and overseas production austenite SA213-

TP347H, areappliedtothereheater, thesuperheater, theecon-
omizer, themainsteampipelineandtheheaderofboilerheating
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surface, whichtheboilerwithstandsthesupercriticalpressure

andtheultra570℃ hightemperatureinmanufactureandinstall-
mentfirst-phase2×600 MW coal-firedgeneratingunitsinChi-

na-HK(HongKong)jointprojectthroughtheZhuhaiPower
plant.Themetalcharacteristicsandweldingperformanceofthe

twokindsteelsareanalyzed, andtheprimaryfactorsofprodu-
cingcrack, corrosionandembrittlementflawintheboilerpro-

ductionandthemovementprocessaredeterminedbyexperi-
ments, andthecraftevaluationoftheparentmetalandtheweld-
ingmaterialhascarriedoutbyusingthecorrespondingcraft

measure.Thefineweldjointsareobtained, whichwillpromote
theusingoftheT91 andTP347Hheat-resistantsteelintheman-

ufactureofthepromotion(ultra)supercriticalpressurethermal
powerunitboiler.

Keywords:　critical;T91;TP347H;heterogenic-steel;weld

Effectofthermophysicalparametersonthehumpfeatureof

weldingresidualstressbyfiniteelementanalysis　　YANDe-
jun, LIUXuesong, YANGJianguo, FANGHongyuan(StateKey

LaboratoryofAdvancedWeldingProductionTechnology, Harbin
InstituteofTechnology, Harbin150001, China).p56-60

Abstract:　NumericalsimulationofTIG weldingofthin
platebythermo-elasticfiniteelementmethod(FEM)wascon-
ducted.Bydoubleellipsoidthermalsource, thermophysicalpa-

rametersvaryingwithtemperaturewereusedtocomparethein-
fluenceofheatconductivity, specificheatcapacityanddensity

ontheweldingresidualstress.Theresultshowsthatthedropof
theheatconductivitywillleadtotheincrementoftheweldingre-

sidualstress, andthelongitudinalresidualstresstransitsfrom
thedoublehumptothesingleone;thefallingofthespecificheat
capacitycanalsoreducetheweldingresidualstress, whichcan

greatlybeaffectedbythedifferenceofdensitybetweenaluminum
alloyandmildsteel, andthedoublehumpofthelongitudinalre-

sidualstresswilldisappearwiththedensityincreasing.Thenthe
threethermo-physicalparameters, heatconductivity, specific

heatcapacityanddensity, makethelongitudinalweldingresidual
stressofaluminumalloyislowerthanitsyieldlimitandappears

doublehumpeffectneartheweldseal.Theweldinglongitudinal
residualstressfortheflatplatesof2024-T4 aluminum alloyis
simulatedbyusingcuttingpiecesstressrelievingmethod.The

simulationresultsarewellaccordantwiththetestones, which
provethevalidityofthesimulationresults.

Keywords:　numericalsimulation;longitudinalresidual
stress;thermophysicalparameters;doublehumpeffect

Establishmentofrelationaboutweldingresidualstressbe-

tweensimulativecomponentandpracticalcomponentonba-
sisofsimilitudeprinciples　　JIShude1 , ZHANGLiguo1 , LI
Yafan2 , LIUXuesong2 , FANGHongyuan2 (1.SchoolofAero-

spaceEngineering, ShenyangInstituteofAeronauticalEngineer-
ing, Shenyang110034, China;2.StateKeyLaboratoryofAd-

vancedWeldingProduction Technology, Harbin Institute of
Technology, Harbin150001, China).p61-64

Abstract:　Onbasisofthesimilitudeprinciples, thecon-
ceptionofvirtualsimulativecomponentandtheauxiliaryvalueof
weldingresidualstressarededucedbytheweldingconduction

theory, andtherelationoftheweldingresidualstressbetween
thesimulativecomponentandthepracticalcomponentisat-

tained.Moreover, theweldingexperimentaboutthesimulative

planeandthepracticalplaneprovesthecorrectnessoftherela-
tion, whichtheproportionalitycoefficientofdimensionsbetween

thesimulativeplaneandpracticalplaneis1:1.5.Thisprovides
anewideatopredicttheweldingstressdistributionoflargeprac-

ticalstructurebythecontractiblephysicalmodelandhasowns
importanttheorymeaningandpracticalengineeringsignificance.

Keywords:　 similitudeprinciples;conductiontheory;
simulativecomponent;weldingresidualstress

Numericalsimulationonelectron beam deeppenetration
weldingandweldappearanceofmagnesium alloy　　LUO

Yi1 , 2 , 3 , LIUJinhe1 , YEHong3 , SHENBin3(1.SchoolofMate-
rialScienceandEngineering, NorthwesternPolytechnicalUni-

versity, Xi' an710072, China;2.ProvinceKeyLaboratoryof
AdvancedWeldingTechnology, JiangsuUniversityofScience
andTechnology, Zhenjiang212003, Jiangsu, China;3.School

ofMaterialScienceandEngineering, ChongqingInstituteof
Technology, Chongqing400050, China).p65-68

Abstract:　Thenumericalsimulationonvacuum electron
beamdeeppenetrationweldingforAZ61 magnesiumalloysheet

with10 mmthicknesswasstudied.Inviewofthethermaleffect
aboutmetalsteam plasmaandkeyholedeeppenetrationduring
vacuumelectronbeam welding, themovingheatsourcemodel

composedbyGausssurfacesourceanddoubleellipsoidbody
sourcewasdeveloped.Andthecharacteristicsofthermalcycle

andweldappearanceunderdifferentweldingprocesseswere
studiedonthebasisofsimulationandexperimentvalues.There-

sultsofsimulationandexperimentshowthatthecompositesource
modelcangaintheeffectofdeeppenetrationofelectronbeam
weldingandcalculatethetemperaturedistributionandtheweld

geometryundertheactionofelectronbeam source.Theresults
alsoprovethatthemodelisapplicabletothethermaleffectsimu-

lationontheelectronbeam weldingofAZ61 magnesium alloy
sheet.

Keywords:　 magnesium alloy;electronbeam welding;
compositeheatsource;weldappearance;numericalsimulation

Effectofheatinputonmicrostructureandlowtemperature
impactresistanceofweldedjointof9Nisteel　　Menggen-

bagen1 , 2 , MAChengyong2 , PENGYun2 , TIANZhiling2 , LIN
Wenguang1(1.CollegeofMaterialsScienceandEngineering,

InnerMongoliaUniversityofTechnology, Huhhot010051, Chi-
na;2.CentralIron＆SteelResearchInstitute, Beijing100081,

China).p69-72

Abstract:　9Nisteelwasweldedwithsubmergedarcweld-

ingprocess, andthemicrostructureandfractureappearanceof
weldedjointswereanalyzed.Theeffectofheatinputonthemi-
crostructureandlowtemperatureimpactresistanceofthejoints

wasstudied.Theresultsshowthatwiththeincreaseoftheheat
input, dendriticsegregationandprecipitationphaseintheweld

reduce, andfracturedimplesbecomelargeranddeeper, which
maketheimpactresistanceofthejointsincrease.Thejointsin

differentinputcanmeetapplicationrequirements, whichimpact
absorbingenergyissuperiortostandardat-196 ℃ andhardness
isinferiorto400HV.Theexperimentresultscanbeusedasthe-

oreticbasisformakingweldingprocedureof9Nisteel.
Keywords:　9Nisteel;heatinput;weldedjoint;micro-


