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Introduction
Powering an automated test system, or automated test equipment (aTE), is different from 
powering the PC and lamp on your desk. Test systems are composed of many heterogeneous 
internal components, some of which require large amounts of current and power, and these 
systems are often deployed globally into facilities with differing power sources and quality. 
many test system components are sourced from multiple vendors and must be integrated by 
the test engineers, which complicates matters even more. Choosing the right components and 
making the right design decisions is much simpler when you follow best practices in power 
layout and equipment selection. 

a power layout ensures all components operate properly by avoiding bottlenecks where a 
component may need more power than the power distribution can provide. This is especially 
important for components that could compromise operation of the whole system if starved of 
power. This guide covers test system power planning by listing the steps and considerations 
for creating a power layout.

VirtualBench

Power 
Entry Panel

UPS

Figure 1. a power layout includes all equipment in the test system and maps the flow of power from the source to the test system  
to the end consumer.
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图

1 电源布局包括测试系统中的所有设备，并呈现从电源到测试系统再到最终用电设备的功率流。
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引言
为自动化测试系统或自动化测试设备(ATE)供电不同于为个人计算机(PC)和台
灯供电。测试系统由许多异构的内部组件构成，其中一些组件需要大电流和大
功率，并且这些系统通常需要部署到全球各地具有不同电源规格且质量不一
的设施中。此外，测试系统的许多组件来自多个供应商，并且必须由测试工程
师集成，因此供电问题势必更加复杂。不过，如果遵循电源布局和设备选型方
面的最佳实践，挑选适合的组件并作出适当的设计决策则要简单得多。

组件的功率需求有时可能会超出配电系统提供的功率，而精心设计的电源布
局可以有效避免这一瓶颈问题，从而确保所有组件正常运行。特别是在组件可
能因为功率不足而危及整个系统的运行时，更应当注重电源布局的设计。本指
南列出了创建电源布局的步骤和注意事项，以此介绍测试系统的电源规划。
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Introducing Power to the System 
a best practice for introducing power to the aTE system is to use a power entry panel, or 
power inlet panel. This allows you to isolate the internal power cabling from the point at which 
the main voltage is applied. With a power entry panel, you can outfit your test system with 
the proper power connector rated for the voltage and current that will be powering the system. 
NI power entry panels use a number of connector types and power ratings for a variety of power 
requirements and geographic coverage. Figure 1 shows examples of power panel connectors. 
a good power panel should also have built-in circuit protection, including a circuit breaker and 
fuses, which protects the system from power surges or incorrect supply power. a great power 
panel has a built-in electromagnetic interference (EmI) filter, surge suppression, and other 
connectivity to pass signals into the system.

Figure 2. a power entry panel provides connectivity for incoming power to the system. Power entry panels can have one of a 
number of standard power connector types and good power panels have additional features like filtering or kill-switch relays.
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2
电源输入面板提供将电源接入系统所需的连接功能。电源输入面板可以采用多种标准电源连接器类型中的
一种，并且优质的电源面板还具备滤波或急停开关继电器等附加功能。
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为系统接入电源
为ATE系统接入电源的最佳做法是使用电源输入面板或电源进线面板。这样可以将内部电源接线与主电
压的施加点隔离开来。使用电源输入面板，可以为测试系统配备合适的电源连接器，即额定电压和电流
能够满足系统供电需求的电源连接器。NI电源输入面板支持多种连接器类型和额定功率，可满足各种电
源要求和地理位置要求。图1给出了电源面板连接器的示例。优质的电源面板还应内置电路保护(包括断
路器和保险丝)，以保护系统免受电源浪涌或选用电源不当所带来的损害。更高级的电源面板还会内置
电磁干扰(EMI)滤波器、浪涌抑制器以及用于将信号传递到系统的其他连接功能。

http://www.ni.com/production
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地理位置考虑因素
为测试系统选择电源面板时，测试仪或测试设备的地理位置是需要重点关注的一个细节。此外，在规划
新的测试系统时，还应考虑电源标准和电网基础设施、安全要求以及部署难易程度，这些因素都会受到地
理位置的影响。

电网标准
不同国家或地区的公共电网所提供的线路功率有所不同。
世界各个国家或地区均针对其电网中的RMS电压、交流电
频率、连接器和电流范围制定了相关标准。

公共电网具有以下几种电源配置：

	J 单相电源由一根用于传导交流电的火线和一根零线
组成。这种线路的电压一般从100 V到240 V不等。例如，
日本的线路电压为100 V，而输送电压在220 V和240 V

之间。美国和加拿大公共电网的输送电压为110 V到120 V。
	J 两相电源也称为分相电源，由两根火线和一根零线
组成，两根火线以给定正负偏移电压供电。在美国，两相
电源通常为120 V，两根火线之间的相位差为180度。由于
两根火线分别传输120 V和-120 V的电压，可以分别将两
根火线与零线搭配使用，形成两个120 V的单相电源，也
可以使用两根火线，形成一个240 V的单相电源。

	J 三相电源由三根火线和一根零线组成，三根火线相互之
间的相位差为120度。美国大多数建筑使用208 Y/120 V

电源，通过三根火线传导120 V电压，电源电路输出恒定，
为208 V。许多工业建筑使用480 Y/277 V，可提供大型机
械所需的480 V电压。

全球部署
测试系统的设计和部署地点往往不同，甚至涉及多个地
理位置。将单个系统部署在多个地理位置会为系统引入一
系列新的要求。将系统部署到马来西亚与将系统部署到
研发地的工厂甚至是研发机构所在大楼是截然不同的。
例如，在底特律的一家研发机构开发一款汽车引擎控制单
元测试系统，但却要将其部署在墨西哥的工厂。在设计该
系统时应考虑墨西哥的电网标准和质量，并在系统发运
之前确认系统满足在墨西哥部署所需的所有安全和监管
认证。设计在全球部署的测试系统时，需要考虑以下事项：

	J 电网电压标准和配置
	J 电网质量和可靠性
	J 材料合规性，如是否符合RoHS标准
	J 能源合规性，如是否CE、PSE或KC认证标准
	J 贸易合规性和进出口法规
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If you plan to deploy the test system to countries or regions outside the test system’s country 
of origin, know the available power in the location(s) that the test system will be deployed and 
if you need to convert that power to operate the equipment in your test system. In the example 
above, the test systems were going to malaysia and mexico. Luckily, the power grids in both 
the United States and mexico provide power at 110 V to 120 V and 60 Hz. This gets a bit more 
complex for a test station designed in Germany and deployed to mexico where mains voltages 
are different.

Power converters and uninterruptable power supplies (UPSs) can help you to condition standard 
power to meet the needs of the system. For example, a test system that includes equipment 
that accepts only 120 V may need to include a power converter to turn 230 V single-phase power 
into a single-phase 120 V supply for the instrumentation. Better yet, evaluate and select equipment 
that has global input voltage to avoid the hassle altogether.  

Certification
many countries have specific required electrical safety standards like CE in Europe, PSE in Japan, 
or KC in Korea. Compliance testing for electrical test equipment usually includes emissions level 
and frequency, touch safety, and surge protection. The most important reason to get these 
markings is to be able to deploy systems to other countries or certify a factory for operation. 
Do the necessary research to know the required certifications in each country in which the 
test system will operate. Ignoring the certifications could make it problematic to service test 
systems in the future. Individual components cannot be imported unless they have these marks, 
so it is difficult to replace or repair parts that lack proper certification.

Figure 3. Designing and deploying test systems in multiple countries requires you to be flexible in designing your system.  
Consider power standards and certifications whenever you are developing a test system that could be used in multiple locations.

Factory Deployment

System Design

Factory Deployment

System Design

图

3
如要将测试系统部署在多个国家或地区，就需要灵活地进行系统设计。在开发这类测试系统时，务必要事先考虑相关国家或地区的
电源标准和认证。
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如果计划将测试系统部署到测试系统研发地以外的国家或
地区，则需要事先了解测试系统部署地的电网电压，以及
是否需要对该电压进行转换才能确保测试系统中的设备正
常运行。在前文的例子中，测试系统要部署到马来西亚和
墨西哥。幸运的是，美国和墨西哥的电网均提供110 V–120 V

和60 Hz的电源。如果测试系统是在德国设计但要部署到墨
西哥，则情况会略微复杂，因为这两个国家的市电电压并不
相同。

电源转换器和不间断电源(UPS)可以帮助调节标准电源，
从而满足系统需求。例如，如果测试系统中包含仅能接受
120 V电压的设备，可能就需要配备电源转换器，将230 V单
相电源转换为该设备所需的单相120 V电源。当然，最好是
直接评估和选择支持全球输入电压的设备，以免麻烦。

认证

许多国家都有特定的电气安全标准，例如欧洲CE、日本PSE

或韩国KC。电气测试设备的合规性测试通常涵盖辐射水
平和频率、触摸安全以及浪涌保护。之所以必须获得这些
认证，是因为只有获得认证才能将系统部署到相应国家或
地区，或者证明设备能够在工厂中运行。在任何国家或地
区运行测试系统时，都需要调查该国家或地区所需的认证。
如果未获得认证，将来使用测试系统可能会面临诸多问题。
各组件也只有获得这些认证后才能进口，因此如果未获得
相应认证，部件将很难更换或维修。

http://www.ni.com/production
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Electromagnetic Interference or Line Filters
Power grids carry high-energy signals that emit electromagnetic noise. most noise from power 
lines is relatively consistent and you can plan for it in advance. No grid is perfect, however, so 
there will most likely be some nonstandard noise in the power signal. Nonstandard noise can 
affect the measurements taken by instrumentation in the system or cause the system to violate 
certification requirements. EmI and line filters are the most common ways to protect the test 
system from unexpected noise sources emanating from power transmission lines. a line filter 
is specified for a given voltage level, a maximum current level that should not be exceeded, and 
an operating range for frequencies it filters from the signal. For example, a line filter may be 
designed for 250 V, 10 a, and operate from 150 kHz to 1 mHz. Be sure to choose the right line 
filter for the power and unwanted noise frequencies in your test system. NI power entry panels 
include EmI/line filters to protect sensitive measurement equipment.

Low-Power Configuration

EPO 
Relay

Line/EmI 
Filter

mid-Power Configuration

Line/EmI 
Filter

High-Power Configuration

Line/EmI 
Filter

20 a 
Breaker

20 a 
Breaker

Figure 4. a circuit breaker and Line/EmI filter are critical to protecting the equipment in your test system and ensuring proper  
and accurate performance of your instrumentation. Example power entry panels are shown for low-power, mid-power, and  
high-power configurations.
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Circuit 
Breaker
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Circuit 
Breaker
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Relay

Circuit 
Breaker

图
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断路器和线路/EMI滤波器对于保护测试系统中的设备以及确保仪器正常
运行和精准测量至关重要。图中给出了电源输入面板的低功率、中功率
和高功率配置示例。
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电磁干扰或线路滤波器
电网承载的高能信号通常会发射电磁噪声。电源线产生的大多数噪声相对一致，可以提前进行相关
规划。但是，世界上没有完美的电网，电源信号中很可能会存在一些非标准噪声。非标准噪声可能会
影响系统中的仪器所进行的测量，甚至导致系统违反认证要求。为了保护测试系统免受来自于输电线
路的意外噪声源的影响，最常用的方法是使用EMI和线路滤波器。线路滤波器必须在一定电压和电流下
工作，并且滤波的信号也有一定的频率范围。例如，线路滤波器的最大电压和电流可以为250 V、10 A，
工作频率范围为150 kHz至1 MHz。确保根据测试系统的功率选择适合的线路滤波器来滤除不需要的噪声
频率。NI电源输入面板配有EMI/线路滤波器，可为敏感的测量设备提供保护。

http://www.ni.com/production
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功率预算
功率预算是测试系统资源和组件规划过程中的关键环节。任一给定设备必须能够在正确的电压下获得适
量的电流。功率预算必须针对整个系统以及系统内的每个配电点执行。在通过计算确定所需的功率量后，
可以对这些计算出的值应用一些标准规则，从而优化测试系统中的功率分配。

系统功率预算
在确定系统功率预算时，首先需要确定测试系统中所有
设备的最大功率需求。需求总和中应包含测试系统中所
有组件的预期指标，包括电压、电流和功率瓦数。在许多
情况下，功率预算中最重要的指标是电流。由于系统中
的给定传输线路只能流过一定量的电流，因此通常必须
使用配电单元(PDU)仔细分配在整个系统中的电流。

给定设备的功耗通常在用户手册中写明，有时还会涉及不
同条件下的多种功率需求。在某些情况下，设备标注了典
型功耗和最大功耗(即最坏情况下的功耗)规范。最好使用
最大功率需求作为相对保守的安全值，然后再减去给定的
百分比(通常为30%到40%)，得到较为符合实际情况的功
率值。图5显示了独立式仪器集成到测试系统中时的最大功
率需求。

VirtualBench多功能一体式仪器指定了用电量较大时所需的最大功率，而不是典型功率或平
均功率		

注意：如果未按《NI VB-8034 安全、环境、法规信息》文档描述的方法使用，VIRTUALBENCH 硬件提供的保护功能可能会下降。

电压输入范围 100 VAC～240 VAC，50/60 Hz

功耗 最高150 W

电源输入连接器 IEC C13电源连接器

断电 可通过交流电源线断开主设备供电。请勿将设备放置于不易断开电源线的位置。按前面板电源按钮不能关闭内部电源。 

http://www.ni.com/production
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下面以表1中的测试系统为例，简单快速地加以说明。首先了解测试系统中每台设备的最大功耗。确保考虑到子系统和瓶颈
问题。PDU具有最大电流限制(本例中为16 A)，因此需要做出相应规划。下一步是基于最大功耗值计算得出所需的典型功耗值，
也就是取最大功耗的60%到70%。在本例中，保险起见我们使用70%，则该测试系统的功耗约为1,920 W。另外，最好在该值的
基础之上再增加约20%，以便将来可以为系统扩展或添加新功能，而不必再添加电源。

以下三个简单的最佳实践可以显著简化功率预算：

01	 基于每个组件所需最大功率的约60%到70%计算系统功率需求。

02	 �在规则1最终得出的功率计算值基础之上再增加约20%作为安全缓冲量，用于应对用电量大的时段以及测试系统未来
的任何必要的扩展。

03	 请记住，有些组件通过PDU和UPS连接，因此大型系统需要使用电源子系统。

设备 最大功耗 所用平均功耗 110 V时的电流

PDU 1

风扇 50 W 35 W 0.03 A

HMI 100 W 70 W 0.06 A

以太网交换机 25 W 17.5 W 0.02 A

过热监视器 10 W 7 W 0.01 A

PXI系统 526.9 W 369 W 3.4 A

DUT控制泵 1,000 W 700 W 6.4 A

PDU 1总计 1,198.5 W 11.0 A

PDU 2

VirtualBench 150 W 105 W 1.0 A

750 W电源 1,100 W 770 W 7.0 A

PDU 2总计 875 W 8.0 A

系统总计 2,073.5 W 19.0 A

表

1 开始计算功率预算时，首先要了解系统所有组件的最大功耗，乘以平均功耗利用率，然后将它们相加在一起。记住要考虑瓶颈问题和子系统 
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Subsystem Power Budget
a step not included in solving for the power budget above is how to account for subsystems 
within the large test rack. a subsystem can be any subset of the equipment in the larger test 
system that all share a common power source. This may be a number of instruments using a 
single bank of a PDU or a modular instrumentation system like PXI.

a benefit of modular instrumentation is that it can simplify power management. If all the 
instruments included in the PXI chassis were separate in the test system, you would have to 
account for each of them individually. PXI chassis provide high-quality and safe power to all 
instruments in the chassis and come in several power and instrumentation slot options. When 
adding a PXI system to your power budget, you can take one of two options:

■■ 1. Use the maximum power consumption of a full PXI system as specified by the PXI chassis.
For example, the maximum power consumption of a PXIe-1085 PXI Chassis is 791 W, which
would translate to a budgeted power consumption of 554 W after applying an average utilization
factor of 70 percent.

■■ 2. add the maximum power consumptions of all modules in the PXI system to get a very
accurate power budget number. See Figure 6 for an example of performing a detailed PXI
system power budget.

additionally, a modular instrumentation system is significantly more efficient than a traditional 
set of instruments because it removes the shared components like monitors and cooling that 
would have to be powered within a test system. 

as an example of an accurate power budget for a PXI system, consider a PXIe-1085 PXI Chassis 
with 24 GB/s system throughput that includes a PXIe-8880 PXI Controller, six PXIe-4139 precision 
system source measure units (SmUs), two PXIe-5162 PXI Oscilloscopes, a PXIe-6570 digital 
pattern instrument, two PXIe-4081 7 ½-digit digital multimeters (Dmms), and four PXIe-2527 
multiplexer switch modules. See a representation of how the PXI system power budget is 
calculated in Figure 6.

Figure 6. The total power consumption of a PXI chassis is the sum of all modules in the chassis. you can see above a full chassis of 
instrumentation that will, in the worst-case scenario, consume 526.9 W.

PXIe-8880 
PXI Controller 

123.4 W

PXIe-5162 
Oscilloscope 

34.8 W

PXIe-4139 
SmU 

34.65 W

PXIe-6570 
Digital Pattern 

Instrument 
68 W

PXIe-4081 
Dmm 
9 W

PXIe-2527 
Switch module 

10 W

Maximum Available Power in PXI Chassis is 791 W 
Maximum Total Power Consumption of the System is 526.9 W 

Power Consumption Taking into Account Average Utilization is 369 W

图

5
PXI机箱的总功耗是机箱中所有模块的功耗之和。如上图所示，一个完整的仪器机箱在最坏情况下的功耗为
526.9 W。
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子系统功率预算
上述功率预算的计算过程中省略了一个步骤，即如何将大型测试机架中的子系统考虑在内。子系统可以是大型测试系统中设
备的任何设备子集，全部共用一个公共电源，比如使用单组PDU的多个仪器或PXI等模块化仪器系统。

模块化仪器的优势在于可以简化电源管理。如果PXI机箱中包含的所有仪器在测试系统中都是相互独立的，则必须单独将各个
仪器考虑在内。PXI机箱为其包含的所有仪器提供高质量的安全电源，并提供多种电源和仪器插槽选项。

在将PXI系统纳入功率预算时，可选择以下两种方案：

	J 使用PXI机箱规定的整个PXI系统的最大功耗。
例如，PXIe-1085 PXI机箱的最大功耗为791 W，在乘
以平均利用率70%后，可得出功耗预算为554 W。

	J 将PXI系统中所有模块的最大功耗相加，得出非常准确的
功率预算值。有关详细计算PXI系统功率预算的示例，请
参见图5。

另外，模块化仪器系统明显地比传统的仪器组合更高效，因
为它避免了测试系统内需要安装冗余的监视器和冷却系统
等由测试系统内部供电的共用组件。

在以下准确计算PXI系统功率预算的示例中，使用的是系
统吞吐量为24 GB/s的PXIe-1085 PXI机箱，其中包括一个
PXIe-8880 PXI控制器、六个PXIe-4139精密系统源测量单
元(SMU)、两个PXIe-5162 PXI示波器，一个PXIe-6570数字
模式仪器、两个PXIe-4081 7 ½位数字万用表(DMM)和四个
PXIe-2527多路复用开关模块。有关如何计算PXI系统功率预
算的说明，请参见图6。
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Power Distribution Unit 
a PDU’s main purpose is to take an input power signal and distribute it to a number of outputs 
that power components of the system. These internal power outlets from the PDU have a rated 
voltage and current and are often available for both alternating and direct current. The best PDU 
options have a number of features:

■■ Remote on/off gives operators the ability to make changes in the power state with the power 
mechanism and EPO. In this way, the operator has full control of the system state from an 
easily accessible location. Operators also can disable the power in the system from the local 
and global EPO mechanism.

■■ Built-in circuit protection like fuses can protect valuable and fragile equipment from unexpected 
power events, which could save tens, or even hundreds, of thousands of dollars.

■■ Bank sequencing can ensure that specific equipment powers on first before other banks 
power on. For instance, a PXI chassis that is connected to an external controller, or extended 
from another master PXI chassis, needs to start before the host controller. In this case, the 
PDU should enable a bank of outlets that include the slave PXI chassis before starting the 
bank that includes the master PXI chassis.

■■ multiple banks that handle a given amount of power allow you to balance power loading on 
the PDU to prevent over-current conditions that could damage equipment in the test system. 
For instance, a PDU that has three banks of power outlets that can deliver 16 a on each bank 
prevents any one piece of equipment connected to the PDU from experiencing more than 16 a. 
It also means that you must be aware to distribute the current required for the equipment 
across multiple banks.

■■ DC supplies can provide power to items like status LEDs or cooling systems that run off of DC 
power with remote on/off and bank sequencing as well. Some of the items are even useful 
in the enable power state of a system, making a remote powering function necessary.

Figure 7. PDUs can have different connectivity and architectures. The PDU above has a single bank that can supply devices with up to 
16 a, and the PDU below has three banks that can supply 16 a each for up to 48 a.

1ø PDU, 16 A, 
110 V–240 V

3ø PDU, 48 A, 115 V-120 V/220 V–240 V

Bank 1 
Power Out

100–240 V 
Power In

Single-Bank Power Out

100–415 V 
Power In

Bank 2 
Power Out

Bank 3 
Power Out

图

6
PDU可采用不同的接线方式和架构。上面的PDU只有一插座组，可为设备提供最高16 A的电流，而下面的PDU
具有三个插座组，每个组可提供16 A的电流，总共可提供最高48 A的电流。
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配电单元 
PDU主要用于获取输入电源信号并将其分配到多个电源输出口，从而为系统的各个组件供电。PDU的这些
内部电源插座具有额定电压和电流，通常既可用于交流电也可用于直流电。

最佳PDU选项具有诸多特性：

	J 远程开/关使操作员能够通过电源机构和EPO更改电源
状态。通过这种方式，操作员可以从一个方便的位置完
全控制系统状态。操作员还可以通过本地和全球EPO机
构禁用系统中的电源。

	J 内置保险丝等电路保护装置，可以保护贵重但脆弱的设
备免受意外电力事件的影响，从而节省数万甚至数十万
美元。

	J 插座组排序可以确保特定设备在其他组上电之前先
上电。例如，连接到外部控制器的PXI机箱或从另一个主
PXI机箱扩展的PXI机箱需要在主机控制器之前启动。在
这种情况下，PDU应在启动包含主PXI机箱的插座组之前
启用包含从PXI机箱的插座组。

	J 通过多个组来处理一定量的功率有助于平衡PDU上的
功率负载，防止出现可能损坏测试系统中设备的过流
情况。例如，有一个PDU包含三组电源插座，每组可提供
16 A电流，这样就可以防止连接到PDU的任何一台设备的
电流超过16 A。这也意味着必须注意跨多个组分配设备
所需的电流。

	J 直流电源可以为状态LED或冷却系统等组件供电，这些
组件同样需要远程开/关和组排序。其中一些组件甚至
在“电源启动”系统状态下非常有用，从而需要远程供电
功能。
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Powering Critical Components in the Test System
make sure that critical components like the host controller and sensitive instrumentation in 
your test system get power from the UPS. Some components of the test system are more 
important than they might seem at first glance. Without the cooling systems continuing to 
run after a power incident, the host controller may overheat. Without power to the touch panel 
monitor on the test system, a technician has no way of troubleshooting the failures or logging 
data of the power incident. Think about the items that you want to be operational, even after 
a power outage or emergency.

Powering System Overhead and Support
Remember overhead and infrastructure like temperature control, network connectivity, and 
user interface elements of the test system when allocating power. Having an outage in your 
production because of overheating or lack of network connectivity is just as detrimental as 
failures in test instrumentation.

Uninterruptable Power Supply
a good test system designer takes into account the quality of the grid and designs the system 
to avoid undefined behavior during power loss and brownouts. you can use UPSs to power 
critical components in the test system during these events and sometimes during normal 
operation as well.

a UPS can deliver power with a dependable voltage and current supply. It can also act as a 
battery power supply after a power outage or significant brownout. a UPS is a critical part of 
a rugged test system, especially one in a location with an unreliable power grid.

There are two major types of UPSs: 

Figure 8. a UPS is used to provide clean, reliable power that also allows for graceful shutdown in the case of a blackout or brownout. 
a double conversion UPS is always charging a battery that provides consistent power to the system.

Transfer Switch

DC
aC

Battery Inverter
Discharging (Power Fail)

Charging (Normal)

Double Conversion UPS Diagram

Static Bypass Switch

DC
aC

Line Interactive UPS

DC
aC

Inverter

Battery

Rectifier

Outgoing

Outgoing

Incoming

Incoming

图

7
UPS用于提供清洁、可靠的电源，也允许在停电或掉电的情况下正常关机。双变换UPS始终为电池充电，从
而为系统提供稳定的电源。
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为测试系统中的关键组件供电
确保测试系统中的关键组件(如主机控制器和敏感仪表等)
能够通过UPS供电。测试系统中的有些组件乍看起来不
起眼，但其实很重要。例如，如果冷却系统在电源事件后未
恢复运行，则主机控制器可能会过热。如果测试系统中的
触摸面板显示器断电，技术人员将无法排除故障或记录电
源事件数据。仔细思考会发现有些组件需要时刻保持运行
状态，甚至是在停电后或紧急情况下也不例外。

系统供电开销和支持
在分配电源时，记得考虑测试系统的开销和基础设施，如
温度控制、网络连接和用户界面等。过热或网络连接断开
可能会导致生产中断，这与测试仪器发生故障一样具有危
害性。

http://www.ni.com/production
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不间断电源
优秀的测试系统设计工程师会考虑电网的质量，在设计系统时会设法避免在停电或掉电的情况下出现未定
义的行为。无论是在上述情况下，还是在正常运行期间，都可以使用UPS为测试系统中的关键组件供电。

UPS可以提供可靠的电压和电流，并且还可以在发生停电或严重掉电后充当电池电源。UPS是确保测试系
统坚固耐用的关键组件，在电网不可靠的区域更是如此。

UPS主要有以下两种类型：

	J 在线互动式UPS—在在线交互式UPS中，有源线路输入
直接连接到电源输出。UPS随后会监视输入功率，以确保
其不会低于给定阈值。如果输入功率下降幅度过大，则
会切换到电池，电池随后通过反向运行UPS来为输出信
号供电。在这种情况下，测试系统在运行期间无需任何
调节即可接收线路功率，并且UPS会在电源出现故障时
为其供电。

	J 双变换UPS—双变换UPS将输入电源线连接到电池，电池
会持续充电，然后为UPS的输出线路供电。双变换UPS的
电源非常稳定，因为它是通过板载电池供电。双变换UPS

还有一项额外优势，电池总是充满电，可以随时用作备用
电源。如发生停电或严重掉电，无需切换电源即可使关
键系统正常关闭。尽管双变换UPS的效率略低，但能够始
终在测试系统内提供稳定、准确的电源，因此成为ATE应
用的理想之选。

电源质量和可靠性
世界上没有完美的电网，但大多数电气设备的设计都是以
在理想的电源条件下运行为前提。当电网提供的功率与设
计的系统功率不同时，系统就不能按预期运行，仪器可能会
出现测量效果不佳或输出信号不正确的情况。设备和系统

可能会意外开启和关闭，导致重要设置丢失或默认设置不
正确。这种意外行为可能导致测试结果不理想、待测设备
(DUT)受损，甚至更严重的后果。双变换UPS还有一项额外
优势，即持续进行滤波，使用输入电源为内部电池充电，然
后提供高度可靠、清洁的电源。

停电和掉电
当电网供电完全关闭时，就会发生停电。在电网发达的情
况下，很少会出现停电，当停电时，通过两种方式管理系统
的行为：(1) 由电池为系统中的部分或所有组件供电，使其运
行一小段时间，以便正常关闭；(2) 因停电而直接关闭。

掉电和电涌在电网中更为常见，尤其是在工厂等耗电量大
的设施中，并且更难以处理，因为它们会导致系统出现不
确定的行为。掉电可能是电网中的电压或电流骤降或出现
毛刺，导致输入到测试系统的功率降低。浪涌是指电网的
电压或电流瞬间高于正常水平的情况。

UPS内部配有电池，可以在发生停电或严重掉电后为测试系
统中的必要设备提供充足的电源，为新电源(如发电机)上线
供电留出时间。必要设备包括主机控制器和用户界面以及
任何其他关键设备。在由电池供电的这段时间内，系统可以
保存必要的数据，避免损坏或出现不安全的软件状态。
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Power States
It is often necessary for a test system to have multiple running statuses to allow for debugging 
maintenance, power saving, and safety. a good approach to test system design is to implement 
four states of operation: 

■■ Off—a system is entirely disabled with no power passing through the line filter or any internal
test system components.

■■ Enabled—Power is passing through the line filter and into any directly powered equipment.
Usually, all equipment is powered through a PDU. In the enabled state, only primary or master
outlets on the PDUs would likely be activated. In some cases, DC supplies on the PDUs
are also activated to power system support and other components. For example, in the
enabled state, an Ethernet router and real-time system controller could power on so that
technicians can monitor the health of the test system.

■■ On—a change to this state begins the main power on sequence of the test system. all PDUs
receive power and enable outlets to other system equipment. In many cases, it is helpful
or necessary to stage the power sequence when certain system components depend on
others to be running when they start. Read more about PDUs in the Power Layout section.

■■ Emergency Power Off (EPO)— The EPO immediately cuts power to the test system when
a user or system monitor recognizes an unacceptable operating condition.

Figure 9. a test system requires multiple power states including off, enabled, on, and EPO to ensure efficient operation.

�� System Power Disabled

�� No Facility Power to the Line Filter

�� System Power Enabled

�� PDU master aC Outlets Enabled

�� PDU DC Outlets Enabled (Individually Controllable)

�� PDU Standard Outlets Disabled

�� UPS Disabled

�� System Power Enabled

�� PDU master Outlets Enabled (DC Supplies—Fans, System Controller, ENET Router)

– Individual DC Outlets Enabled (2 Bank Power-Up Sequence)

�� PDU Standard Outlets Enabled (2 Bank Power-Up Sequence)

�� UPS Enabled

�� System Power Disabled

�� No Facility Power to the Line Filter
Emergency 

Stop
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图

8 测试系统需要具有多种电源状态，包括关闭、启用、开启和EPO，以确保高效运行。
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电源状态
测试系统通常需要具有多种运行状态，以便实现调试和维护、省电和安全等目的。

优秀的测试系统设计方案应能实现四种运行状态：

	J 关闭—系统完全禁用，没有电力通过线路滤波器或测试
系统的任何内部组件。

	J 启用—电力通过线路滤波器进入任何直接供电的设备。
通常，所有设备都通过PDU供电。在启用状态下，只有
PDU的主插座可能被激活。在某些情况下，PDU上的直流
电源也会激活，用于为系统支持组件及其他组件供电。
例如，在启用状态下，以太网路由器和实时系统控制器可
以会通电，以便技术人员可以监测测试系统的运行状况。

	J 开启—切换到该状态后会进入测试系统的主上电序列。
所有PDU都会接收电力并输出其他系统设备。在许多情
况下，当某些系统组件必须在其他组件启动后才能开始
运行时，分阶段启动电源序列是有帮助甚至是必要的。
有关PDU的更多信息，请参见“电源布局”部分。

	J 紧急断电(EPO)—当用户或系统监视器识别到不可接受
的工作条件时，EPO会立即切断测试系统的电源。
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although the grounding path described is usually sufficient, grounding each piece of equipment 
in the test system individually can guarantee safety. a power entry panel from NI has a star 
grounding block, as seen in Figure 2, which is connected to other ground blocks throughout the 
rack. The grounding stud on the outside of the power entry panel can then be attached to a true 
earth ground outside the chassis. additionally, each piece of equipment will generally have a 
grounding stud that can be directly connected to a ground. you can see the grounding screw of an 
NI PXI Chassis in Figure 12. attaching each piece of equipment to the distributed grounding 
blocks throughout the chassis ensures that each one is grounded safely and that all ground 
leads are very short, which leads to less electromagnetic noise. 

make sure that electrical connections to ground plains are short. Long ground loops can cause 
standing waves that result in radio frequency emissions within the system. If long transmission 
lines are needed to connect to ground plains, couple the signal with the ground signal in a 
twisted pair configuration to cut down on electromagnetic noise. Include both the positive and 
negative references of the signal if it is floating, or not referenced to ground.

Figure 12. The PXIe-1085 PXI Chassis has a ground screw that allows you to directly ground the chassis and all instruments to an 
external grounding block. Grounding each piece of equipment in a rack is a best practice for guaranteeing safety.

Grounding Screw

图

9
PXIe-1085 PXI机箱有一个接地螺钉，用于将机箱和所有仪器直接
连接到外部接地模块。为保障安全，最好将机架中的所有设备都
接地。
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Emergency Power Off
When a test system encounters a serious issue or an emergency is taking place in the facility, 
operators need the ability to quickly and cleanly power off the test system. EPO mechanisms 
are included on test systems to simplify connectivity and inhibit power switching. Operators 
might use an EPO to reset a system in an error state, prevent damage to a DUT, or even prevent 
harm to themselves. EPO functionality is also required by the safety standards bodies such 
as IEC and UL.

an EPO is generally a physical mechanism like a button or switch that is easily accessible to an 
operator and, when pressed, cuts power to all test system equipment. Ideally, the EPO panel 
has connectivity with all equipment in the test system to ensure that everything is powered off 
quickly. most EPOs put systems into an off state that requires them to be reset to the enabled 
state before they can be reactivated and all equipment can power on. This prevents systems 
from unexpectedly restarting after a power off when there is an unsafe condition.

Figure 10. The EPO is connected to all equipment in the test system and can disable all connected equipment when necessary to 
maintain safety.

Uniterruptable 
Power Supply

Conditioned 
Power Out

Power 
Entry Panel

Power 
Distribution Unit

Power Out

Power In

Power Out
EPO

Control Signal

图

10 EPO连接到测试系统中的所有设备，必要时可禁用所有连接的设备以保持安全。
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尽管上述接地路径通常即可满足需求，但如果将测试系统
中的每个设备都单独接地，则可以保障安全。NI的电源输入
面板有一个星形接地块，如图2所示，它连接到整个机架的
所有其他接地模块。然后，电源输入面板外部的接地螺柱
可以连接到机箱外部真正的接地线。此外，每台设备通常
都有一个可以直接接地的接地螺柱。NI PXI机箱的接地螺钉
如图9所示。将每个设备都连接到分布在整个机箱中的接
地模块，可确保每个设备安全接地，并且所有接地引线都非
常短，这有助于降低电磁噪声。

确保尽量缩短与接地平面的电气连接。接地回路较长
会产生驻波，导致系统内出现射频辐射。如果需要使用
较长的传输线连接到接地平面，应采用双绞线配置将
信号与接地信号耦合，以此降低电磁噪声。如果是浮地
或不以大地为参考，则应纳入信号的正负基准地。

紧急断电
当测试系统遇到严重问题或设施内发生紧急情况时，操作
员需要能够干净利落地关闭测试系统的电源。测试系统
内置紧急断电(EPO)机构，简化了连接并避免了直接开关
电源。操作员可以使用EPO重置处于错误状态的系统，防止
DUT受损甚至可以防止对自己造成伤害。EPO功能也是IEC

和UL等安全标准机构的要求。

EPO通常是一种方便使用的物理机构，例如按钮或开关，操
作员只需按下它即可切断测试系统中所有设备的电源。理
想情况下，EPO面板会与测试系统中的所有设备连接，以确
保所有设备都能快速关闭。大多数EPO都会将系统置于关
闭状态，需要将系统重置为启用状态后，才能重新激活系统
并且为所有设备供电。这样可以防止系统在断电后在存在
非安全条件的情况下意外重启。

http://www.ni.com/production
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Grounding
Grounding is a critical part of test system design for two main reasons: safety and 
measurement quality.

Ensuring that your test system has proper grounding to guarantee safety means giving all 
equipment in the test system a proper path for current to flow to a true or earth ground. The 
power entry panel must be connected to a power source that has a proper ground. you should 
then be able to choose any piece of equipment in the test system that is an end power consumer 
and follow its path to ground back to the power entry panel. Follow the ground current path for 
the Ethernet switch in the power layout of the example test system in Figure 1. The Ethernet 
switch ground is connected to the UPS ground, which should be connected to the ground of 
the PDU, which should be connected to the ground of the power entry panel. By creating a path 
for current that forms as a product of ground loops to flow to ground, you avoid building up 
dangerous charge in the system that could arc and cause damage or discharge into an operator 
or DUT. 

Figure 11. In some cases, a global EPO is necessary to disable all test systems and equipment in a facility. a global EPO is a single 
power off mechanism that enables the local EPOs of all individual systems.
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在某些情况下，需要使用全局EPO来禁用设施中的所有测试系统及设备。全局EPO是一个断电机制，可启用各个
系统本地的EPO。

15ni.com/production
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接地
接地是测试系统设计的关键部分，原因主要有两点：安全性和测量质量。

确保测试系统妥善接地可保障安全，这意味着测试系统中所有设备的电流都可以通过适当的路径流向真正
的地。电源输入面板必须连接到妥善接地的电源。之后，应能够选择测试系统中的任一台最终耗电设备，并
按照其接地路径返回电源输入面板。以太网开关的接地电流路径应遵循图1所示的测试系统电源布局。以
太网交换机地连接到UPS地，UPS地应连接到PDU地，PDU地应连接到电源输入面板的地。接地回路会形成
一条流向地的电流路径，防止在系统中积聚危险电荷，避免产生的电弧造成DUT受损或操作员触电。

http://www.ni.com/production
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Learn all you need to know about making the right connections for your measurements by 
reading the white paper Comprehensive Guide for Field Wiring and Noise Considerations.

Best Practices for Components
There are nearly infinite ways to source materials and construct a test system. When building a 
system that you have to maintain over time, consider long-term support and the extensibility 
of the system to add future requirements. To achieve these results, it is best to source system 
components from commercial vendors that support products and consumers with long-term 
supply strategies. It can seem like commonsense to work with a vendor for items like PDUs, 
UPSs, system controllers, and instrumentation, but that same strategy can pay off long term on 
smaller items like interconnects and cables. a committed vendor that can supply connectors 
along with vendors supplying test instrumentation can keep your system running with 
reasonable effort for a decade.

On the rare occasion that special requirements or extenuating circumstances make using a 
commercial product impossible, many companies are experts in custom equipment and solutions 
for test systems. Keep in mind that these solutions are often for a single consumer and are 
more likely to change or become obsolete over time.

©2016 National Instruments. all rights reserved. National Instruments, NI, ni.com, and VirtualBench are trademarks of National Instruments. Other product and company names listed are trademarks or trade 
names of their respective companies.

Figure 13. Having long, unmatched ground wires in your system can cause significant ground loops and act as an antenna for noise 
signals. Using short ground lines is better, but still has the possibility of picking up unwanted noise. For the best performance, use 
twisted pairs of signal and ground wires in your system. 
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图
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如果系统中的接地线较长、不匹配，可能会形成较长的接地回路并充当噪声信号的天线。最好
使用短一些的接地线，但仍有可能无法避免噪声。为实现最佳性能，应在系统中使用双绞线
作为信号线和接地线。

自动化测试系统的电源规划

©2022 NATIONAL INSTRUMENTS. 版权所有NATIONAL INSTRUMENTS、NI和NI.COM均为NATIONAL INSTRUMENTS的商标。此处提及的其他产品和公司名
称均为其各自公司的商标或商业名称。 124400

有关针对具体测量建立正确连接所需的全部信息，请参见白皮书《现场接线和噪声注意事项综合指南》。

组件采购最佳实践
材料的采购渠道与测试系统的构建方法可谓五花八门。如果构建的系统生命
周期较长，则应考虑采购渠道能否长期提供支持以及系统是否具备应对未来
新增需求的可扩展性。要实现这两点，最好从商业供应商处采购系统组件，因
为这类供应商可长期为产品和消费者提供支持。人们通常会从供应商处采购
PDU、UPS、系统控制器和仪器等组件，但从供应商处采购互连装置和线缆等小
型组件可以获得长期回报。值得信赖的连接器供应商和测试仪器供应商会全
力为您服务，让您的系统能够运行长达十年之久。

在极少数情况下，测试系统可能会因为一些特殊要求或合乎情理的原因而无
法使用市面上的产品，这时需要选择定制设备和解决方案，专攻此类解决方案
的公司有许多。但请记住，这类解决方案通常是为个别消费者量身定制的，因
此随着时间的推移，很有可能性能会发生变化或变得过时。

http://www.ni.com
http://www.ni.com/white-paper/3344/en/
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