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带有防咬死铜镀层的标准螺纹紧固件放气率测试*
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摘 要：铜镀层是防止聚变堆运行时真空室内标准螺纹紧固件咬死的主要手段之一。针对带有铜镀

层标准螺纹紧固件在高真空下的放气现象，本文简要介绍了铜镀层工艺及麻点缺陷的解决方法，采用

小孔流导法测试了其放气率，分析了铜镀层及环境温度等对放气率的影响。结果表明：脱附气体由氢、

水、氮气和 CO2 组成；含氢放气率未达到要求，这与铜镀层工艺、放气率测试环境及测试时间等因素有

关，需对试验影响因素加以控制，以达到聚变堆真空室内材料的放气率要求。
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Test of Outgassing Rates of Threaded Fasteners with Copper Anti-seize Coating
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Abstract：Copper coating is one of the main means to solve the anti-seize problem of threaded fasteners in vacuum vessel during

the running of fusion reactor. This work briefly introduces the coating copper procedure and the solution to pitting-attacks on the

copper coating. Meanwhile, to satisfy the high vacuum requirement, the orifice conductance method was used to test the outgassing

rates of threaded fasteners with copper coating. The impact of copper coating, environmental temperature, and other factors on the

material outgassing rate was analyzed in detail. The results show that the desorption gas is composed of hydrogen, water, nitrogen,

CO2, and the contained hydrogen rate does not meet the relevant requirements. This is bound up with coating copper process, test

environment, test time and so on. It is necessary to control the test influential factors to achieve the anticipated outgassing rate

requirements of material in vacuum vessel of fusion reactor.
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高真空环境是保证聚变堆稳态长脉冲运行

的关键因素之一。因此，聚变堆真空室内部部件

均需满足一定放气率要求。托卡马克聚变装置

的内部部件主要包括包层和偏滤器。包层和偏

滤器由于包络高温等离子体需承受高能粒子的

轰击，所以有损坏的风险，这就要求包层和偏滤

器具备可更换性。标准螺纹紧固件易于购买、安

装和拆卸，是包层和偏滤器维护的首选连接件，

其同样存在于聚变堆真空室内部，需承受电磁、

热等循环交变应力。为防止交变应力可能产生

的振动，通常对标准螺纹紧固件施加很大的预紧

力。同时，聚变装置内部部件要求具备整体性和

无磁性等，故内部部件和标准螺纹紧固件均采用

无磁 316 L 不锈钢。但复杂的运行环境、大的预

紧力和相同的材料，使得标准螺纹紧固件易产生

咬死现象。

标准螺纹紧固件咬死表现为装置运行后紧

固件和真空室内部件的粘接，使内部部件难以拆


