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1. 前言

本白皮书探讨了数据中心行业的发展趋势及目前数据中心中的末端配电架构面临的挑战，评估了智能小母线解决方案在

当前数据中心配电的适用性。通过对传统和当前末端配电架构的对比，明确了在满足当前数据中心要求的情况下两种 

配电架构的效率。此外，白皮书重点说明了在数据中心场景下的发生飞弧事件的风险，并讨论了如何通过创新的小母线 

配电架构来提高末端配电系统的耐电弧性。

2. 不断变化的数据中心行业的现状及挑战

在过去的十年中，数据中心领域已经成为全球增长最快的行业之一，预计市场在2019-2025年以15.1%的复合年均增长率 

增长。尽管有很多人对数据中心行业还不了解，但数据中心行业通过存储、处理、通信和分发我们每天每秒产生的数据， 

在现代社会中发挥着至关重要的作用。

2.1 驱动力

近年来，我们已经经历了一个新的数字化时代的变革，同时也改变了我们处理、消费和交流 

信息的方式。人工智能、机器学习、大数据、物联网、5G的出现，使我们的日常生活数字化， 

数据消耗方式增加。据估计到2025年，全球数据将超过175ZB。因此，数据中心需要采用创新

的配电架构设计，来满足更高容量的配电网络、更高的机架密度和更高的效率等新需求。

2.2 挑战

许多数据中心都在紧跟数字化转型的步伐。据《福布斯》报道，有不到30%的数据中心企业 

认为他们的数据中心是满足当前的需求的，仅有11%的企业认为他们的数据中心的更新速度 

超过了他们的需求。因此目前许多数据中心仍然采用的是之前配电系统。

对于任何数据中心来说，配电都是一项大的投资，通常至少有10年的使用寿命。而它所供电的 

IT设备的使用寿命通常为2-3年，甚至更短。因此，如果以往的配电系统无法适配和集成这些 

新技术，就会导致数据中心运营效率低。如果企业跟上不断增长的数据消耗水平，数据中心 

容量会更容易过载，有一定的安全风险。
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Introduction

This white paper explores power distribution in the changing data center landscape, highlighting the emerging trends impacting  
the industry and evaluating the suitability of innovative busway solutions as an optimized approach to power distribution. 

A comparison is drawn between traditional and modern power distribution architectures to determine their efficiency in satisfying 
modern data center requirements. Finally, this paper highlights the significance of arc flash risk in the data center and discusses  
how improved arc resistance can be achieved through innovative busway power distribution architecture. 

The Driving Force

In recent years there has been a paradigm shift towards a new 
digital era which has changed the dynamic of how we process, 
consume, and communicate information. The emergence of the 
IoT, big data and machine learning amongst other developments 
has digitized our every day lives, resulting in an increase in data 
consumption patterns. In fact, it is estimated that the global 
datasphere will grow to over 175 zettabytes by 2025. As a 
result, data centers must seek to employ higher capacity power 
distribution networks with higher rack densities and higher 
efficiency designs to satisfy demand.

The Changing Data Center Landscape 

Over the past decade data centers have become one of the world’s fastest growing industries, with the market expected to grow with  
a CAGR of 15.1% between 2019 – 2025. Despite being little understood by the population it serves, the data center industry plays a 
critical role in modern society by storing, processing, communicating, and distributing the data we produce every second of every day. 

Power distribution is a huge investment for any data center, 
and it is typically expected to have a minimum lifespan of 10 
years. In contrast, the IT equipment it powers typically has 
a lifespan of 2-3 years, sometimes even shorter. As a result, 
older power distribution systems can become outdated if they 
cannot be easily adapted and integrated with these newer 
technologies, resulting in rigid, inefficient, and fragmented data 
center operations. Similarly, there is a concern that data center 
capacity may become overloaded as organizations struggle to 
keep up with the increasing levels of data consumption, 
causing increased risk to uptime and safety in the data center.

The primary objective of any data center is to achieve 100% 
availability of safe and reliable power. As the digitization of 
services continues to drive the global demand for data, this  
is becoming increasingly difficult for data centers across the 
world, who are being forced to change their DNA and seek  
out smarter power distribution solutions to overcome these 
new challenges.

The Challenges

Many data centers are struggling to keep up with rapid rate of 
change in the digital landscape. According to a report by 
Forbes, less than 30% of data center decision makers state 
their data center meets their current needs and only 11% say 
that data centers are updated ahead of their needs. The 
issue is that many of today’s data centers still employ the same 
power distribution systems that were installed on day one. 

by 2025

175
zettabytes

Over

“It is estimated that the global datasphere will 
grow to over 175 zettabytes by 2025”.

30%
“Less than 30% of data center decision makers state 

their data center meets their current needs”.
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所有数据中心都希望实现100%安全可靠的电力可用性。随着数字化服务的发展，推动了全球对数据的需求。对于全球 

数据中心来说，企业必须寻求更智能的配电解决方案来面对这些新挑战。

2.2.1 可拓展性

无论数据中心的类型是超大规模、Colo、企业还是边缘数据中心都希望可以以最快速度对数据进行即时访问，因此数据

中心需要有足够的弹性，来根据用户具体的需求扩大或缩减可用的电力容量。因此在设计配电架构的时候，可拓展性至关

重要。随着数据消耗趋势的迅猛增长，数据中心更需要采用可以快速适应市场变化并且保持高运营效率的基础设施。

2.2.2 效率

数据中心需要不间断且高效的电源供电才能保持市场竞争力。若企业面临意外停机的风险，其盈利能力和品牌声誉都会

造成影响。因此数据中心一直在寻找创新的更高效的设计来提高IT基础设施的电力水平。

为了确保高效电力的连续性，数据中心需要全面了解配电系统和所连接的基础设施的状态，这个可以通过定制化的监控

架构来实现。通过预测并响应电源潜在的安全问题，来降低高昂的停机风险。

2.2.3 空间优化

数据中心分布着服务器机柜、存储、网络设备、机架、空调机组和配电系统等核心基础设施，因此提升空间的利用率很 

重要。随着数据需求的增加，所需的 IT基础设施也增加，所以需要对空间进行优化来减少空间浪费，并且要方便让企业 

在需要时添加新的IT基础设施时，便于重新部署。

2.2.4 投资成本

由于新技术和需求的不断变化，企业需要考虑对电力基础设施的投资情况，确保投资在回本 

之前基础设施不会落后而影响效率。运营成本也是数据中心的一项大支出，据估计到2025年，

数据中心将消耗全球3%-5%的电力。电力容量增加，能源成本也会增加，因此数据中心行业 

正在寻找资本和运营成本都相对较低的电力解决方案。

2.2.5 安全性

安全性是数据中心关注的关键问题，电气故障不仅会导致停机，还会危及生命。随着电力密度

和容量的增加，数据中心内的电力基础设施规模也增加，这就使得标准的安装、操作和维护过

程中的潜在风险增加。例如，改造升级基础设施所花费的时间越多，就越容易发生人为失误。

例如，若出现将工具掉入带电的PDU中或在维护前未正确断开断路器，就会造成致命后果。

数据中心的电力通过配电单元(PDU)进行分配。PDU的额定功率 

通常为50kW至500kW，主要由主路输入断路器、支路电路配电

盘、电力变压器、输出电缆、防雷以及监控和通信模块组成。PDU

系统可以通过内置或独立的变压器来调整输入电压并将适当的 

电压分配到支路为IT负载供电。当采用内置变压器设计的PDU占地

面积相对更大，每100kW的IT负载大约占地2.5m2。

为了容纳从A点到B点所需的长距离电缆，数据中心一般会采用架

空地板通道或架空电缆桥架的方式接入。架空地板通道主要是为

了建立空气流通通道。气流通常通过带有铝格栅的通风地砖来进行

管理。地板下的空隙为布线和管道工程提供了空间，包括电线、 

数据和电信线路、安全线路和暖通空调及空调系统组件。

但是，在房间高度有限或设备较重的情况下，架空地板通道并不 

一定可行。因此会采用另一种做法就是通过安装在机柜顶部或悬挂

在天花板上的电缆桥架来作为电缆通道。

3. 不断变化的数据中心行业的现状及挑战

3.1 传统末端配电架构

目前许多数据中心设施仍采用的是行业数字化之前传统的配电架构。当时在设计传统配电系统时，数据中心的复杂程度

远低于现在，主要由少量的大型IT设备组成，因此数据中心不会频繁进行改造升级，且IT设备的功率密度也不高，对数据

中心制冷的要求也较低。
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Scalability

Regardless of the type of data center – Hyperscale, Co-location, 
Enterprise, or Edge – Scalability should always be a key 
priority when specifying power distribution architecture. 
Today, society expects seamless transitions and instant access 
to data, so it is vital that data centers have sufficient elasticity 
to expand or contract their available power capacity in line with 
demand. As data consumption trends continue to fluctuate and 
grow at an unprecedented rate, it is more important than ever 
for data centers to employ infrastructure that can quickly adapt 
to changes in the market without putting operating efficiencies 
at risk.

Efficiency

Data centers require uninterrupted and efficient power supply 
to remain competitive in today’s market. A key issue facing 
businesses is the risk of unplanned downtime, which can 
have a potentially devastating impact on both profitability and 
brand reputation. Data centers must strive to employ improved 
efficiency design to increase the level of power available to 
their IT infrastructure.

To ensure continuity of efficient power, data centers must 
have full visibility of the power distribution system and all 
connected infrastructure. This can be achieved through 
bespoke monitoring architecture that can anticipate and react 
to impending issues that may compromise the power supply, 
thus reducing the risk of costly downtime.

Space Optimization

White space is at a premium in the data center as this is 
where core infrastructure such as server cabinets, storage, 
network gear, racks, air-conditioning units, and power-distribution 
systems are located. As the demand for data increases so too 
does the IT infrastructure required. Therefore, usage of the 
white space must be carefully planned and optimized to reduce 
wasted space and must be easily reconfigured to facilitate the 
addition of new IT infrastructure as and when required.

Cost

As the landscape is changing so rapidly in terms of new 
technology and demand, investments in power infrastructure 
must be carefully considered to ensure the investment will 
not become obsolete before its value has been recouped. 
Operating costs are also a growing expenditure for data 
centers as they are estimated to consume between three and 
five percent of the world’s power by 2025. As power capacity 
increases, so too does the associated energy costs, therefore 
data centers must seek to offset this increased expenditure, if 
profits are to be protected. As a result, Data center managers 
are seeking out power solutions with both relatively low capital 
and operating costs.

Safety

Safety always has and always will be a key concern in the data 
center, as not only can electrical faults result in costly downtime, 
but they can also cause serious harm to human life.

However, as power densities and capacities increase, the 
scale of electrical infrastructure within the data center 
increases too, which in turn increases the potential risk 
during standard installation, operation and maintenance 
procedures. For instance, the more time spent repairing or 
upgrading a piece of infrastructure, the more likely it is that 
human error will occur. This error could be something as  
small as dropping a tool into a live PDU or not correctly 
disconnecting a circuit breaker before maintenance, which  
can have potentially fatal consequences.

Operating costs are also a growing expenditure for data 
centers as they are estimated to consume between  
three and five percent of the world’s power by 2025

3-5%

数据中心的运营成本也是一项

不断增长的支出，因为预计到

2025年，数据中心将消耗 
全球电力的3～5%
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Traditionally, power in the data center was distributed through 
power distribution units (PDU). PDU’s are typically rated from 
50kW to 500kW and consist of a main input circuit breaker, 
branch circuit panel boards, a power transformer, output power 
cables, surge arrestor and the monitoring and communication 
modules. PDU systems can be designed with an inbuilt or 
standalone transformer to convert the incoming voltage and 
distributes the appropriate voltage to the branch circuits to 
power the IT load. PDU’s designed with an inbuilt transformer 
will have a much larger footprint, consuming approximately 
2.5m² per 100kW of IT load.

To accommodate the long lengths of cabling required to 
distribute power from point A to point B, data centers can be 
designed with a raised floor access or overhead cable trays. 
One of the main uses for raised floor access is to create an air 
plenum for cooling. Air flow is typically managed via vented 
floor tiles with aluminum grills. The under-floor void provides a 
space to route cabling and pipework including electrical wiring, 
data and telecoms wiring, security wiring and HVAC/air 
conditioning system components.

However, in applications with limited room height or heavy 
equipment. Raised floor access may not always be a feasible 
choice.  An alternative practice is to create an overhead cable 
pathway via cable trays that are mounted above the racks or 
suspended from the ceiling.

Traditional Power Distribution Architecture 

Many of today’s data center facilities still rely on traditional power distribution architectures that pre-date the digitization of the 
industry. When traditional power distribution systems were designed, data centers were a lot less complex than they are today, consisting 
of a small number of large IT devices, where changes or upgrades were infrequent and lower power densities required less cooling.
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尽管这些传统架构已经发展了多年，但它原来设计所基于的原理和需求与目前行业的数字化转变已经不相适应，导致效率 

降低。效率降低的原因如下：

	y 地板下电缆空间的受限，可扩展弹性降低

	y 地板下扩容不方便，增加了整改时间和人力成本

	y 大量电缆接入使数据中心布局灵活性降低且部署时间长

	y 地板下布线，电路可追溯性差，很难对电路进行监控

	y 地板下若电缆较多，会降低空气流动，增加热量损失和事故风险

	y 传统配电架构占用柜位，空间利用率低

	y 大型变压器的PDU单元会产生更多热量，降低数据中心的效率

	y 系统必须断电才能安全地进行维护或更改，影响数据中心运营效率

	y 初始成本低，但由于需要耗费大量时间来布线新电缆，因此扩容的成本可能很高

	y 电工可能被迫在进行带电工作，易发生飞弧事故

3.2 新一代末端配电架构

小母线系统是传统列头柜配电的替代方案。当前小母线配电架构主要包括进线箱、母线和带有过流保护装置、连接配件

的终端箱。
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	y The scalability of underfloor applications reduce as they 
expand and underfloor cable space becomes limited.

	y Large footprint of the PDU reduces the space available for 
additional power/ IT infrastructure in the white space.

	y Due to underfloor cabling, circuits can have poor traceability, 
making it difficult to monitor which circuits are near overload. 

	y Large transformer based PDU units generate waste heat 
that must be cooled, decreasing data center efficiency.

	y Circuit addition is slow, therefore any additions or changes 
to the power network will require significant lead time.

	y Limited underfloor space can have a negative impact on 
efficiency as cooling plenums become blocked with large 
amount of cable, reducing air to flow risk and increasing 
heat loss.

	y Rigid layout due to complex architecture and reduced cable 
access, making it very time consuming to facilitate new 
data center layouts.

	y The overall electrical design of the room may require a 
re-think with under-floor electrical cables rerouted to 
accommodate new infrastructure layouts.

	y Electricians may be forced to carry out live work during 
maintenance, increasing the risk of an arc flash incidents.

	y There is always the danger that a worker will accidentally 
touch a live circuit, or drop a metal tool, resulting in an arc 
flash incident. 

	y Power availability is reduced as systems must be  
powered down for maintenance or system changes to  
be undertaken safely.

	y Complex installation and configuration processes require 
significant time to complete, increasing labor costs.

	y Low day 1 cost, however the cost of adding new circuits  
can be  high due to the lengthy process required to route 
new cables.

	y Lack of scalability results in power distribution systems 
being either overbuilt or under built; both of which reduce 
operational efficiency.

Although these traditional architectures have evolved over the years, the fundamentals of their design are fast becoming 
incompatible with the fast-paced and volatile nature of the industry, resulting in the following inefficiencies.

Modern Power Distribution Architecture 

Busway is an alternative to traditional PDU and RPP power distribution. Modern busway power distribution architecture typically 
includes an end feed unit connected to an upstream LV electrical switchboard,  busway and tap-off units equipped with over-current 
protection devices, connection fittings and their accessories. 

Busways are most often seen in high-density data center applications providing flexible overhead power distribution where scalability  
is vital to success. Busways can be installed horizontally, vertically, overhead or underfloor depending on power requirements however 
they are typically installed overhead in data centers to power the IT racks. Busway alone can provide all LV power distribution from 
the LV switchgear/switchboard to IT racks, eliminating the need for bulky PDU’s.

智能小母线在高密数据中心应用较多，它可以提供灵活的架空配电，且可扩展性强。目前智能小母线可以水平、垂直、机柜 

顶部或地板下安装，但数据中心领域较多都采用机柜顶部架空配电，为IT机架供电。仅母线槽就可以提供从低压开关设备

或配电盘到 IT机架的所有低压配电，从而无需笨重的 PDU。

智能小母线解决方案可以根据客户机柜的具体数量、尺寸和容量等实际需求，来定制满足要求的母线槽和分接单元，通过 

分解接单元将电力分配到每个机柜。一条母线槽由多个母线直线段拼接组成，直线段间由连接件进行连接。分接单元 

安装位置灵活，具备带电热插拔功能，能在母线长度方向任意位置插拔取电。

智能小母线系统为数据中心行业提供了一种优化的配电架构，可以根据当前和未来的需求分配和管理电力容量。这种配电 

架构提高了数据中心的安全性、灵活性、可用性和成本效率主要体现在以下几点：

高弹性

扩大或缩减容量，只需变更分接单元，不受地板下空间限制

热插拔

即插即用，能在不断电情况下实现系统扩容、平衡负载或

重新配电设计等

可追溯性强

插接箱位于机柜上方，因此电路保护开关易于维护

可靠性高

相对于电缆，母线槽铝或钢外壳可保护导体免受物理应力

快速部署

由于提高了可扩展性，所以节省了所需的安装时间

节省占地

节省柜位，提高空余空间利用率

操作安全

防止手指接触导线的安全保护装置提高了操作人员的安全

节约人力成本

工厂预制化，无需现场大量电缆接线，减少人力成本
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传统列头柜 智能母线系统

扩容弹性 	y 需要重新布设空开、线缆，花费时间较长 	y 即插即用，更快实现扩容。可根据需要逐步增加容量

电力可用性
	y 地板下布线空间有限而影响散热，降低配电系统效率

	y 对系统进行任何改动都需要预定停机时间

	y 铜排阻抗低，系统更节能

	y 插接箱可以实现热插拔，即插即用，无需停机操作

空间利用率 	y 占用IT设备柜位 	y 零占地设计，提高机房有效使用率和出租空间

安全性

	y 电缆受到磨损，绝缘性变差

	y 维护期间需要带电作业避免停机，存在安全隐患

	y 母排实心导体耐用，不宜磨损，降低电气风险

	y 母线有安全设计，降低接触带电电路概率

	y 母线槽阻抗低这种更高效率设计可能会增加飞弧风险

成本 	y 初始成本低，但后期扩容费用昂贵且耗时
	y 容量可以逐步增加，从而降低前期投入成本

	y 扩容所需人力费用低，可节省大量成本

3.3 机房末端配电方案比较

在讨论了当前数据中心管理人员面临的主要挑战，并评估了传统和当前小母线解决方案的应用之后，将传统列头柜方案与 

当前小母线系统的扩容弹性、电力可用性、空间利用率、安全性和成本方面进行了对比，如下表。可以看出虽然智能小母线 

系统提供了更安全的解决方案，但如果不使用额外的过电流保护装置，就无法完全消除飞弧的风险。因此，在评估每种 

架构所实现的成本效率时，需要根据数据中心规模和实际需求进行综合评估。

4.智能母线系统安全可靠性的提升

4.1 耐电弧空气母线槽

随着电力容量和机架密度的增加，故障电流也会增加。因此数据中心对于更高效的追求同时也会增加发生飞弧事件的 

风险。新一代小母线系统采用低阻抗设计，减少了沿母线槽传输的电流阻力，这个设计有利于减少热损失和压降，但会 

增加预期故障电流水平，引发飞弧事故。

Vertiv™ PowerBar iMPB 智能中功率母线采用多个安全结构设计，包括防呆设计、电气机械连锁设计、高耐受电流能力等， 

来提高母线槽的耐电弧性。

4.2 过电流保护
过流保护装置用于检测电气系统中的故障情况，并在故障电流超过母线槽的电流容量时自动将电气设备与电源断开。 

其中用于保护电路免受过流影响的两种器件是保险丝和断路器。

保险丝通过切断母线槽中的故障电流来恢复正常运行状态。每个保险丝都包含一个金属丝元件，用来承载有限的电流。 

当高故障电流流过保险丝时会产生热量，这时保险丝元件熔化，产生间隙，从而保护智能母线系统免受可能产生的飞弧的

影响。一旦保险丝熔断，不能再用作保护装置，必须更换。断路器具有相同的用途，但与保险丝操作方式不同，当高故障 

电流流过断路器时，断路器会自动将电气设备与电源断开。它可以重置进行多次使用。

Vertiv™ PowerBar iMPB 智能中功率母线配备多种塑壳断路器、开关保险丝和隔离开关，来确保最大程度地防止潜在的

故障电流，并可以根据客户的特定规格等级进行非标定制。
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4.5 易于维护

对于主路输入的始端箱和支路输出的插接箱，其二次回路器件（熔丝，监控模块，指示灯等）与一次回路的母排相比，更容易

出现故障，因此二次回路的在线维护很重要。PowerBar iMPB智能中功率母线一次回路与二次回路电气隔离，实现二次回路

（熔丝，监控模块，指示灯等）可热插拔，二次维护不断电，器件轻松换，全方位保障用户运营不间断。

5. 结论
随着全球数据消耗量的增加，数据中心行业不断受到挑战，企业不得不寻找更智能的配电解决方案，以更好地适应当今 

数据中心的运营需求。

在探究了传统数据中心电源架构的主要特点后，发现传统架构的灵活性和电力可用性较低与目前行业特性不相适应。 

因此，我们开发了Vertiv™ PowerBar iMPB 智能中功率母线系统来克服当今数据中心运营商所面临的配电挑战。

通过对传统架构和当今配电架构的对比，发现小母线解决方案在可扩展性、电力可用性、空间利用率和安全性方面为数据 

中心行业的配电模式带来了新的转变，以应对行业对更高单柜密度和更高效率的追求。

第1步：分接箱的接地条作为第一个连接点与母线槽外壳连接

第2步：卡紧机构通过金属弹簧将分接箱上端固定到母线槽上，固定好后插接触头才会露出，这种机械联锁可以确保 

分接箱不会连接到错误的相位

第3步：当分接箱安装到母线槽上后，旋转操作手柄转动90度，手柄上锁，整个分接箱上电过程结束

4.3 持续监控

目前数据中心中配电密度、容量和效率都在不断提高，因此持续监控在新一代数据中心配电中极其重要。监控系统帮助 

数据中心维护人员全面了解电力系统，方便在供电连续性受到影响之前找到潜在的操作异常。Vertiv™ PowerBar iMPB  

智能中功率母线在主进线单元和分接单元都配备了精密监控系统，监控系统采用手拉手式连接，一个主监控箱最多可以

采集4条母线及各输出回路电参数。

除了对电气系统进行监控外，母线关键部位实时温度检测也十分重要，目前国内有多种母线系统测温方式，来提高 

整体系统的安全可靠性。

4.4 机械联锁

Vertiv™ PowerBar iMPB 智能中功率母线具有安全机械联锁设计，“先连接，后上电”做到上电下电零飞弧、更安全。当插接

箱安装或者拆卸时，提供了多一层的操作安全保障，提高维护人员的操作安全性。

机械联锁装置使用高抗拉强度的金属将分接箱紧紧的固定到母线槽上，确保不会错误安装。安装到母线槽上之后，就可以 

转动旋转手柄。这时分接箱的插接头伸出，并在手柄旋转完成后强制锁定。

在电气连接之前，插接箱和母线槽之间的这种机械联锁设计可以降低在安装时发生电弧闪光的风险。

Vertiv™ PowerBar iMPB 智能中功率母线的分接箱采用三步安装流程，保留了E&I独有的“先接地，后断开”的安全功能 

（即每个分接箱在安装过程中接地条最先与母线槽外壳上凹槽连接，过电流始终通过接地条流出），因此母线系统实现了

较低的故障电流和较短的故障清除时间。

母线槽 接地条

卡紧机构操作手柄插接触头 挂锁

二次回路 监控模块可热插拔

一次回路

熔丝可在线维护
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