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阀门球芯316L不锈钢小空间 

TIG焊接工艺
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摘要：采用填丝的TIG焊接方法对不锈钢球芯流道口进行小空间全位置自动焊接。通过设计可进行小空间 

作业的TIG焊枪，配合送丝机气保托罩紫铜散热夹与小车行走 ，搭建自 焊接平台。在阀门球芯的 间

多重e气保护下,开展不 球芯流道口V形焊缝的焊接。焊前清理焊缝及周围区域的杂质油污，焊接 用

高纯e进行 的惰性气氛保护，获得各项性能均符 求的焊缝。焊后对焊缝区域进行 和力学性

能的测试评定，分析缺陷的产 原因，并善焊接 参数。测试焊缝、 区附近及母 的硬度，绘制

相应的 曲线，获得最佳的工艺参 。
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0 前言

们日益增长的生活条件，工业制品、航 

航天、汽车、船舶等多个方 有着长足的进步。它

与人们的生活 相关，例如用于水管和 油

气炉的 阀，各种机械设备，例如 、 、

气 、泵、 、车，船和 械

备不可缺少的 分。通常，用于含有腐蚀性

的液体的阀门用塑料、不 、耐蚀合金（如铜 I

金、 金和 金等）或用铸铁等耐蚀材料制 

造。球阀在管道 作用为切断、分配和 介

质 方向。 常产中，由于球阀 的焊接 

质量需求，通常采用传统的TIG焊接方法，但是传统 

的手工焊接方法往往被球阀的 结构、焊接 、

焊接 等各种因素 了焊后焊缝的质量和性

能，并经常打开和 阀门， 高和 ，并

替从高温到 的时间等， 球阀焊接位

有一定的硬度要求。最 的是焊接空间比较

长，寻常的焊接方法难以达到所 焊的焊接位

，所以效率也相对较低。为了提高球阀焊接效率 

及焊接质量， 业大学先进焊接与连接国家

验室研制一种适用于球阀 间焊接的

TIG焊枪焊接316不锈钢球阀，且制定了可行的焊 

接［I %。

1试验材料及设备

球芯直径240 mm,孔口直径150 mm,孔口高度 

190 mm,质量30 kg,球心及阀体材质见表1 o试验材料 

不锈钢板材是厚度为4 mm的022Cr17Ni12Mo2,不锈 

焊丝选择316L不 焊丝，焊丝直径为#0. 8〜

#1.6 mm,主要力学性能见表2。由于焊接的内部空间 

别 ， 计能够进入球芯 备自动送

丝功能的TIG焊枪。

表1球芯材质

阀体 A351 CF8/A182 F304 A351 CF8M /A182 F316

A182 F304
球芯 (表 WESC04)

A182 F316

（表面喷涂WESC04）

表2 316L不锈钢主要力学性能

抗拉强度 度 断后伸长率

2d/MPu 2h/MPu 3( %)

485 170 30
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试验前 理流道口表面的杂质 不 板

材的边 开坡口，以加大熔深，在试验过 焊
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缝的 ，进行焊接 ，在无明显的焊接缺陷情

将得到的试件进行金相检验及力学性能测 

试：2_5]o

TIG焊流道口的焊接 参数°分析不同的 

焊接 参 （焊接 ，行走台车的行进速度,
SB10C/D双驱送丝机的送速度以及焊接过程中焊机 

Panasonic YC-500wx4N的输出功率）的焊接接头性能， 

分析各 参数对焊接接头的 ， 。
焊接材料为5 mm厚不锈钢板,在清理完成后，满 

V形焊缝的 打磨焊材边 分开1 mm ，加

焊接质量。根据球阀 计 符 经空间

的流道口 ，使用 线 进行 边缘

分。提前将 进行 焊接 焊接 :

，除了 于 的 进行了

进行了填丝 ，以 多道焊缝热量高 引起的

大 。 与球 进行焊接， 球芯

2焊接工艺

表3焊接工艺参数

值

%/A

脉冲电流

//A

脉冲频率 

〃 （Ho - s'1）

送丝度 

'/ ( mm • s"1 )

焊接 度 

'/ ( mm • s _1 )

气体流量

Q/( L • min-1 )

240 360 1 60 2.6 15

球阀整体 度 高度稳定，焊缝均

。由于球形阀门焊接 有较大的焊接 ，

的产生，因此研究焊接顺 

序十分 ，为了确保球形阀门焊接 量最小，

采用焊接顺序 对称焊接，焊缝焊接顺序如图2
所示。

25 焊接电流对流道口焊缝成形的影响

根据 的厚度 先预测焊接 的大小，基 

焊接结构模拟如图1a所示，内部流道口十字板如图1b 

所示。

（a）球芯焊接结构 （"）流道口十字板点固

图1球芯焊接结构和流道口十字板

按照表3的焊接 参数焊接后（保护气体为

98%Ar+2%CO2），试 的 量非常/J、，对 的抑

制作用，角变形量为0.085 mm，所形成的焊缝没有飞 

、边、焊等焊接缺陷。

值电流为200 A，脉冲电流为320 A， 几组试验,

大幅度20 A， 的焊接 表4，

保持不变的参 表3。 中 量，在这

过 中材料 所产生的 是由材

料 的 冷缩的这 所 。在焊前和焊 

，必 对焊缝和 区进行清理，目的是清理焊缝

周围的水分、油污等杂质，保证焊缝性能。为了保证焊 

接质量，确保 金属不被 ， 罩 用氮

气 保护$6%。焊前准备 ，可用 口

的油污等杂质，焊中 道焊缝，使用不 丝

对焊缝 的焊 和 进行 理。

表4调整后的焊接电流

编号
值 /b -A //A

1 220 340

2 240 360

3 260 360

焊接过后得到了 不同的3组试验效果如图 

3所示。1 焊接 过小， 了明显的余高过大等

焊接缺陷，如图3a所示;2 焊缝 到初期目的， 

如图3b所示;3号焊接 过大出现了过烧，咬边等缺
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陷，如图3。所示。因此可知，功率对变形值的控制有 

的作用$ 7%o

图3调整焊接电流后的试验效果

22焊接速度对不锈钢薄板焊缝成形的影响

相同功率下，无法判定 度 的过程中，是

否存在先 高的 ，所以利用单一变量法来

进行补充试验，并 测量焊接 之后的 量结果,

加入脉冲后电弧收缩及电弧力也相应增大，同时电弧 

作用 ， 能量密度更集中， 焊接生

产效率。 的焊接速度见表5， 保 不变的参

表3，进行3组焊接试验。

表5调整后的焊接速度

编号 焊接速度//(mm - s_1 )

4 2.7

5 2.5

6 2.6

4 焊接速度过快，出现了 、 等缺陷;5

号焊接速度过慢， 边、等缺陷;6 焊缝表面

，焊接结果如图4所示。

图4宏观焊缝表面成形良好

3结果与讨论

为了对比焊接工艺及质量的成果，为此增加了普 

通手工焊接的对比试验（焊接 参数不变）便于

及研究焊接接头的 ，将焊接 的不锈

采 用数控 线 金相检验所

的试件，金相试件的线切割方向，焊缝 样制备金

相试件，进行金相 、硬度分析等， 分析其

结构 。

3.1腐蚀分析

该次试验所使用的是316L奥氏体不锈钢，试样 

磨光依次采用180号、320号600号、1 000号、 

1 200号、1 500号、2 000号水磨砂纸磨光#试样抛 

光采用1 - 5 （m粒度的金刚石喷雾抛光剂抛光）#

试样表 无 。金相试样制备的

关键在于316L 体不锈钢材质较软， 控

制好湿度和力度， 采用多道 打 i

用较轻力度短时间 $8%。金相试 先 进行

学试剂的腐蚀之后将已抛光过后的试件进行腐蚀 

试验，实验时选择的腐蚀溶液是:5 g FeCT + 50 mL 
HC1 + 100 mL H20。

试件分别采 体腐蚀条件对抛光之后的试件进 

行腐蚀处理,腐蚀效果将采 学 进行拍照分 

析及手工焊、自焊方式的金相高倍照片对比如图5 
所示。

由金相照片可以看到，奥氏体不锈钢焊缝金相 

试样经过不同 理后得到金相 。可以

体不 焊缝的焊态试样 由 体和

铁素体两相构成，其中灰白色枝晶为 体基体，黑

灰色的游离铁素体以非 网状分 体枝晶

间，金相 表现为 的316 体不 I
的焊缝 征，当腐蚀时间没有超过1 min的

候，能 楚的看到金相 的 照片，能看到清

的 与 。也可以很好的看到自动焊相对于 

手 焊的的 。

3.2力学性能分析

用 度计分别在焊缝、熔合线、热影响

区、母 确定一条测试线，进行 测试，测试前进方 

向为:焊缝一熔合线一 区一母材，如图6所示。载

荷为200 N，保10 s维氏硬度,得到维 度分布图如 

图7所示， 区和焊缝区域的硬度均大于母材硬度。
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（!）组织致密均匀（自动焊） （b）未熔合有裂纹（手工焊） （C）母材组织均匀（自动焊） （（）母材晶粒粗大有气孔（手工焊）

（e）热影响区组织均匀（自动焊）（f）热影响区组织不均匀（手工焊） （+）熔合线清晰（自动焊） （h）部分熔合线清晰（手工焊）

图5试件腐蚀后所得到的金相照片

熔合线：焊缝 

母材「热影响区

图6硬度计打点位置图

焊缝 熔合线 热影响区 母材 

位置

-179.73/

241.51

200.57

160.96

图7维氏硬度分布图

4结论

（1） 316L不锈钢阀门球芯焊接过程中，焊接工艺 

参数对焊缝 的 最大， 是保护气体，最是

对 量的控制;经过相应的试验与分析,对于该次试 

验所 的焊缝所使用的最佳焊接 参数为:基值 

电流为240 A、脉冲电流为360 A、脉冲频率为1 Hz/s、 

焊接速度为2. 6 mm/s、送丝速度为60 mm/s、保护气体 

流量为5 L/min。

(2) 母 的硬度值最低，焊缝的区域明显加强，其 

它区域达到预想的硬度要求。

(3) 焊缝周围的 分布较 ，说明 焊接

过程中保护效果较好。不 焊接 参数的确定, 

为以后的大批量焊接提供了技术保证，安全性得到了 

有效的 。
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to reduce the degree of stress concentration, thereby increasing the service life of the wave shield. The influence of the transition arc position 

and radius on stress distribution was analyzed by finito element simulation. The simulation results showed tOat the stress concentration of tie 

welded structure weakened the fatioue life of the wave shield, while the arc transition structure had a sionificant mitigation efect on the stress 

concentration, and its degee of relief was sionificantly related i the arc position and radius. As the distance between the arc and the weld bead 

decreased, oe the radius of the arc increased, the stress concentration of the wave shield decreased, and the transition was more obvious from 

low-cycle faigue 1w high-cycle fatioue.

Key words: wave shield, finite element simulation, welded structure, stress concentration

Numerical simulation of droplet transition in ultrasonic-MIG welding

Huang Zepai, Li Huijun, Wang Ruichao, Wang Hao

(Wuyi University, Jiangmen 529020, Guangdong, China) . p29 - 33

A bs tracC Based on theories of fluid mechanics and electromagnetics, the mathematic cl model of the transition behavioc in ultrasonic assisted

metal inert gas welding ( ultrasonic-MIG) was established by adding ultrasonic vibration and radiation forcc conditions. FLUNET software was 

us5d rosomuear rh5deopergeowrh, d5toemaroon and sh5ddongund5edotenrw5edongcu enrsand uereasonocampeorud5s.Th5somuearoon ec 

suits showed that the droplet profile change and shedding time were in good agreement with the related test results. Compared with conventionae 

MIG, the drop size of ultrasonic-MIG droplet was smaller and the transition frequency was faster undec the condition of low current,while the 

drop time and size of ultrasonic-MIG droplet changed less obviously undec the condition of high current. The dropping Ume of ultrasonic-MIG 

droplet was affected by ultrasonic amplitude, and the increase of ultrasonic amplitude couH shorten the droplet transition period i some extent.

Key words: ultrasonic-MIG, droplet transition, numerical simulation, ultrasonic radiation force

Analysis of on-orrn welding operation condition and interface technology for space station

Wang Min1,2

(1. Shenyang Institute of Automation, Chinese Academy of Sciences, State Key Laboratory of Robotics, Shenyang 110016, China ； 2 Institutes 

for Robotics and Intellieent Manufacturing, Chinese Academy of Sciences, Shenyang 110016 , China) . p34 - 37

Abstract In order to irnplement on-crbit welding technology in space station, the working conditions of on-crbit welding were analyzed from

aspectsotman, machone, mateeoae, method, eongand measueement.Fuetheemoee, theonteetaceand technocaeeequoeementstoedoteeentoncoec 

bit welding technologies were analyzed to ensure that on-crbit welding couH match with the station d energy, load and extreme environment. 

Thospapeepeovodesaeeteeencetoetuetheeeeseaech on oncoebotweedongtechnoeogyand equopment.

Key words: on-orbit welding, on-orbit manufacturing, space station

Testing methods of ferrite conteet and its universality

Liu Xiao1 , Zhang Wei2, Wang Li1 , Dang Ying1 , Wei Guangqiang1 , Wu Fangyun2

(1. Nuclear Power Institute of China, Science and Technology on Reactor Fuel and Materials Laboratoc, Chengdu 610213, China； 2. CNNC 

Nuclear Power Operations Management Co., Ltd., Haiyan 314300, Zhejiang, China). p38 -41

Abstract The magnetic testing is the most effectivv and accurate method. Howevec due to the different manufacturing process and calibration

peoncopee, themagnetocte7tongon7teumento notunovee7ae.In oedeetoetectoveeyevaeuatetheweed quaeoty, the7econdaey7tandaed 7ampee7 

were manufactured by multi-layer surfacing in this study. And the ferrite content of secondao standard samples were tested and analyzed by 

magnetic, diagram and mewllographio testing methods respectively. The calibration curves of the secondary standard samples tested by domes­

tic and imported magnetic testing instruments were obtained. The research result showed that results of magnetic method and the mewllographio 

method were close, whereas the deviation of the diaaram method was relatively larae. In addition, the calibration curves of dOferent instruments 

by using the secondae standard samples could achieve a unfied evaluation of the testing results.

Key words: ferrite content, magnetic testing method, multi-layer surfacing, secondary standard samples

TIG welding process of 316L stainless sted valve coir in smaH stacc

Ma Jun1 , Wang Xuepeng1 , Qi Yanze2, Li Husheng1 , Tang Hongfei2

(1. Wuzhong Instrument Co., Lth., Wuzhong 751100, Ningxia Hui Autonomous Reaion, China； 2. Harbin Institute or Technology, State Key 

Laboratoe of Adwnced Welding and Joining, Harbin 150001, China). p42 -45,51
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Abstract TIG welding with filler wire was use； in a" position automatic welding of channel of stainless steel valve ba" core in small space. 

An automatic welding plahorm was buCi by designing a TIG welding gun for small space operation and installing with wire feedee air protection 

ccvee red coppeo heai cooleo and trolley walking device. Undeo the protection of multiple argon in small space of valve ball core, the weld of

stainless steel valve ball core in V-shaped welding position was carried out. Cleaning up impurities and oil stains of the weM and its surround­

ing aree before welding, using high purity argon foe strict inert atmosphere protection during welding, it was t。obtain weld with all perform­

ances that met technical requirements. After welding, microstructure and mechanical properties of the weld were tested and evaluated, the gen­

eration and cause of defects was analyzed, the process parameters were improved. Hardness of the weld, HAZ and the parent metal was tested 

and the corresponding process curve was drew te obtain the best combination of process parameters.

Key wordt: TIG welding, valve ball core, 316L stainless steel, microstructrre

Weld defect detection of adiminrm alloy based on digital radiography

Hu Wengang, Lu Yunpeng, Guo Shixiong, Zeng Lixin, Bai Bing

(Capital Aerospace Machinery Corporation Limited, Beijing 100076, China). p46 -51

Abstract Digitad radiooraphy method was used te detect welded joints of aluminum alloy with dCferent thickness. The process parameters such

as veltage, current, exposure 0x0 and magnification were optimized te make the detection sensitivity meet the standard requirement. On this 

basis, digital radiooraphy and film radiooraphy were respectively carried out on fusion weld and friction sth welded joint of aluminum alloy to 

obtain the typical defect irnaaes. The morpholory distribution, size and properties of the defects were compared and analyzed. The defect detec­

tion ability of digiml radiooraphy was analyzed and the reliability of digital radiooraphy detection results was verified. The result showed that the 

detection sensitivity of digiml radiooraphy was superior to the standard requirements. Meanwhile, the defect detection capability of digiml radio­

graphy was basicalld the same as that of film radiooraphy, and the dirnension error was less than 5 % .

Key words: digital radiography, film radiography, testing seesitivity, defeci, contrast test

Effect of ultrasonic impact method on performancc of micro-arc spark deeositee coating

Gao Jiwen, Li Yongbin, Huang Xiaowang

(State-Owned Wuhu Machinery Factory, Wuhu 241007, Anhui, China) . p52 - 56

Abstract Micro-arc spark deposited samples were prepared under the same conditions and mechanism. Before and iter ultrasonic impact

treatment, expe0x6(100 methods such as tensile test, microhardness test, residual stress test, X-ray test, corrosion resistance test and micro­

structure observation test, were carried out on these samples to study the effect of ultrasonic impact treatment on the performance of micro-arc 

spark deposited coatings by comparative analysis. The result showed that by ultrasonic impacting on the micro-arc spark deposited coating, de­

fects such as porosity, loose, and incomplete fusion could be reduced so as to densify the deposited coating and improve its tensile strength, 

which could Cechvely improve the stress distribution of the surface strengthened layer and make the surface appear in a state of compressive 

stress. Choosing deposition materials with stronger corrosion resistance to repair locat damage and corrosion defects on the surface of aWcrit 

parts and performing ultrasonic irnpact treatment would greatly icprove corrosion resistance of aircrit parts.

Key words: micro-arc spark deposition, ultrasonic impact treatment, performancc of coating

Effect of plate thickness on shear stredgth and fatigue stredgth of laser lap weldee joints for stainless steel car body

Luo Chao, Zhang Jinhua, Wang Yan, Lie Hailing, Li Xiyong

(CRRC Tangshan Co., Ltd., Tangshan 063035 , Hebei, China) . p57 - 61

Abstrac In order to investigate on effect of plate thickness on shear strength and fatigue strength of stainless steel laser lap welded joints, 

tensile tests and fatigue tests on stainless steel laser lap welded joints with two dCferent plate thicknesses of 0. 8 mm + 2 mm and 2 mm + 2 mm 

were conducted. The results showed that shear strength and fatigue strength of the 2 mm + 2 mm joint were higher than those of 0. 8 mm + 2 

mm. It was found by failure analysis that tensile fracture of the two -oints was caused by shear fracture of weld, and fatigue cracks originated in 

heat-gfected zone near the weld nugget on the inner surface of the incompletely welded plate. The crack propagated along the edge of the weld 

nugget to the outer surface of the incompletely welded plate until it penetrated the incompletely welded plate. It could be seen from the finite ^- 

emeneeoeceanaeysisoeweeded ooinesehaeehedieeeencein ehedegeeeoeseeessconceneeaeion beeween eheewoooineswasehemain eeason eoeehe 

diteeencein eheiesheaeseeengeh and taeigueseeengeh.

Key words: stainless steel, laser lap welding, plate thickness, shear streegth, fatigue strength
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