第五次课（3学时）

UNIT 2

B：Steady State

背景知识：稳态误差是衡量控制系统性能的一个重要指标。有两种不同的稳态误差。一种是对输入信号跟踪所产生的稳态误差，另一种是外部干扰所引起的稳态误差。增加前向通道的放大倍数或者在适当的位置增加积分环节可以减少或者消除稳态误差。

New Words:
plant  n. 装置、被控对象、被控过程
spacecraft  n. （空间）飞行器、航天器
final value theorem   终值定理

unity feedback system  单位反馈系统

velocity  n. 速度

acceleration  n. 加速度

integer  n. 整数

principal input  主输入

principle of superposition  叠加原理

hold  v. 成立

integrator  n. 积分器、积分环节

identical  a. 相等的

ramp  n. 斜坡

阅读时间：10分钟

解释：

A control system is designed to control the behavior (the time response) of a plant subject to commands or disturbances. 

控制系统设计就是使装置在有指令信号或者干扰时有满意的行为（时域响应）。

An accuracy of a system is a measure of how well if follows commands. 

系统的精度是衡量其是否能够跟踪指令的一个指标。

10分钟的提问与答疑时间
翻译示例：

A control system is designed to control the dynamic behavior( the time response) of a plant subject to commands or disturbances. The designer should be fully aware, however, of the role of the steady equations and errors in the overall process, as well as their influence on the dynamic behavior of the plant.
控制系统设计就是使装置在有指令信号或者干扰时有满意的行为（时域响应）。设计者必须清楚地知道整个过程的稳态方程和误差，以及他们对装置的动态性能的影响。

An accuracy of a system is a measure of how well it follows commands. It is an important performance criterion; a guidance system that cannot place spacecraft on a suitable trajectory is obviously useless no matter how well-behaved its transient response.
衡量系统的精度之一，就是其如何跟踪给定命令。这是一项重要的性能指标。一个导航系统如果不能将飞行器置于合适的轨迹，那么无论有多好的动态性能，都是没有用。

Actual system are also subjected to undesirable inputs, such as noise in command inputs and disturbances arising from changes in the plant parameters or changes in the environment in which the plant is operating. Noise inputs that enter the system with the command input require filtering techniques to remove or suppress them without affecting the command input itself. We shall limit our discussion to disturbance inputs which enter the system at the plant rather than at the controller.
实际系统总是容易受到不希望的输入干扰，例如， 命令输入中的噪声以及由于参数改变在被控对象中产生的干扰或者被控对象工作环境变化产生的干扰。随着命令输入进入系统的噪声输入需要滤波器进行驱除或者抑制并不对输入信号产生影响。我们将限于讨论通过被控对象进行系统的噪声而不讨论通过控制器进入系统的噪声。
It is often difficult to minimize both components of the error simultaneously. Obviously, it is necessary to have some knowledge as to the nature of probable disturbance inputs. Both error terms of Eq.(2-2B-7) can be set equal to zero by introducing an integrator into the controller. This additional integrator increases the type of the system ( from 1 to 2, for example) , thus eliminating the velocity error, and by being introduced ahead of the point of entry of the disturbance into the system, eliminates the steady-state error resulting from a step in the disturbance input. This additional integrator must be accompanied by at least one zero if the system is to remain stable.
通常同时将误差的两个部分最小化是困难的。很明显，具有适当的干扰输入特性的一些知识是很有必要的。方程2-2B-7的两个误差项都能通过在控制器中加入积分器而消除。这些附加的积分器增加了系统的型（例如，从1型系统变为2型系统），因此可以消除速度误差，并通过在系统扰动进入点之前引入积分环节，可以消除由输入信号中包含的阶跃扰动引起的稳态误差。如果要保持系统稳定该附加的积分器必须相应增加至少一个零点。
UNIT 3

A：The Root Locus

背景知识：根轨迹是分析控制系统动态性能的有力工具。根轨迹的定义为当系统的某个参数变化时其所有的闭环特征根在复平面上移动所描出的轨迹。学习根轨迹，最主要的是学习绘制根轨迹的几个主要准则以及利用根轨迹分析控制系统动态性能的基本方法 。

New Words:

root loci  根轨迹    locus 轨迹（复数）

performance criteria 性能指标 

Routh-Hurwitz criterion  劳斯-霍尔维茨判据  

transient response 瞬态响应 

characteristic equation 特征方程  

unfactored a. 未因式分解的 

depict  v. 描述 

transport lag 传输延迟（滞后）

angle and magnitude criteria 相角与幅值准则

complex conjugates 复数共轭  

origin  n. 原点

vector  n. 向量、矢量  

polar form   极坐标形式

exponential  n. 指数（项）

yield   vt. 得到   n. 产量

horizontal  n. 水平

counterclockwise  a. 逆时针的  

odd multiple  奇数倍的  

facilitate  v. 使容易

coincide  n. 一致、重合

trace out   描出、绘出、产生轨迹

阅读时间：10分钟。（阅读至第70页第29行。）
解释： 

The sn term represents n poles, all equal to zero and located at the origin of the s plane. 

sn表示n 个极点，其值为零，位于s 平面的原点。

The angles are uniformly distributed. 各个角度是均匀分布的。

If the part of the real axis between two o.l.poles (o.l.zeros) belongs to the loci, there must be a point of breakaway form, or arrival at, the real axis. 

如果实轴的一部分位于两个开环极点（或者开环零点）之间且属于轨迹，则在其间必有分离点（或者会合点）。

10分钟的提问与答疑时间

翻译示例：

The root locus technique is a graphical method of determining the location of the roots of the characteristic equation as any single parameter, such as a gain or time constant, is varied from zero to infinity. The root locus, therefore, provides information not only as to the absolute stability of a system but also as to its degree of stability , which is another way of describing the nature of the transient response. If the system is unstable or has an unacceptable transient response, the root locus indicates possible ways to improve the response and is a convenient method of depicting qualitatively the effects of any such changes.

    根轨迹技术是当一个单一的参数，例如增益或者时间常数从零到无穷大变化时，确定特征方程的各个根的位置的图形技术。因此，根轨迹不仅仅提供了系统绝对稳定性的信息，还提供了稳定程度的信息。稳定程度实际上还是描述动态响应特性的方式。如果系统是不稳定的或者动态响应不可接受，根轨迹还可以指出可能改进响应的方法而且可以定性描述改进的效果。

   A zero is a value of s that makes Z(s) equal to zero and is given the symbol о. Do not automatically assume that this zero is also a closed-loop zero that makes N(s) equal to zero in the system (closed-loop) transfer function; it may be, but is not necessarily so. A pole is a value of s that makes P(s)equal to zero and is given the symbol× . The sn term represents n poles, all equal to zero and located at the origin of the s plane. A root of the characteristic equation has previously been defined as value of s that makes D(s) equal to zero and is given the symbol □. 
零点是使Z(s)为零的s值，用符号о表示。不能自动地假设这个零点就是使N(s)为零的闭环传递函数的零点。它可能是，但不一定。极点是使P(s)为零的s值，用符号×表示。sn表示n 个极点，其值为零，位于s 平面的原点。特征方程的根前面已经定义为使D(s)为零的s值，用符号□表示。

Since s is a complex variable and the poles and zeros may be complex, 
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 is a complex function and may, therefore, be handled as a vector having a magnitude and an associated angle or argument. Each of the factors on the right side of Eq.(2-3A-2) can also be treated as a vector with an individual magnitude and associated angle, as shown in Fig. 2-3A-1. Note that the angle 
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 is measured from the horizontal and is positive in the counterclockwise direction.
由于s是一个复变量，极点和零点也可能是复数，
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也是一个复函数，因此有可能视为一个有幅值和相角的向量。方程(2-3A-2)右边的每一个因子都可以视为有各自幅值和相角的向量，并如图2-3A-1.所示。请注意相角
[image: image4.wmf]f

是按从水平轴逆时针方向为正计算。

If the part of the real axis between two o.l. poles ( o.l. zeros) belong to the loci, there must be a point of breakaway from , or arrival at, the real axis. If no other poles zeros are close by, the breakaway point will be halfway.
如果实轴在两个开环极点（开环零点）之间属于根轨迹，则在其中必定有突破点（汇合点）。如果附近没有极点或者零点，则突破点（汇合点）必定在（两个开环极点/开环零点）的中间。
        B：The Frequency Response Methods: Nyquist Diagrams

背景知识：频率特性（函数）是分析控制系统的有力工具，也是描述系统动态特性的数学模型。如果一个线性定常系统是稳定的，则其输入为一个正弦信号时Sinωt，其稳态输出也是一个正弦信号，所不同的是其幅值A(ω)和相角Φ（ω）发生了变化。输出信号的幅值和相角都是ω的函数。称复变函数A(ω)ejΦ（ω）为系统的频率特性函数。可以证明系统的频率特性可以通过将其传递函数G(S)中的S换成jω而得到：G(jω)。得到系统开环的G(jω)后，可以在复平面上画出ω从0到+∞变化时的G(jω)曲线（称为极坐标图，又称Nyquist曲线），利用Nyquist曲线可以判断闭环系统的稳定性，称为Nyquist判据。

New Words:

amplitude  n. 幅值   

thereof  adv. 在其中、其   

antenna  n. 天线

superimpose  v.  添上、加上、附加上   

gust  n.  阵风 

partial fraction expansion 部分分式展开  

inverse transform  逆变换 

undamped oscillation 无阻尼振荡  

displace  v. 转移   

radian  n. 弧度 

polar plot 极坐标图  

gain margin 增益裕量   

phase margin  相角裕量

阅读时间：15分钟。（阅读至第75页第4行）。
解释： 

There are times when ……    有时常会……

The frequency response is a steady-state response. Although some information can be obtained about the transient response, it is only approximate and is subject to misinterpretation. 翻译见注解。（就这句话作解释）。

From these equations we see that a sinusoidal input to a linear stable system produces a steady state response that is also sinusoidal, having the same frequency as the input but displaced through a phase angle Φ and having an amplitude that may be different. 

根据以上方程，我们可以看到将正弦输入信号加至一个稳定的线性系统时，其输出也是一个同频率的正弦信号，但是相角和幅值会有所不同。

10分钟的提问与答疑时间

翻译示例：

The nature of the input also influences the choice of techniques to be used for system analysis and design. Many command input merely instruct a system to move from one steady-state condition to a second steady-state condition. This type of input can be described adequately by suitable steps in position, velocity, and acceleration, and the Laplace domain is appropriate for this purpose. If, however, the interval between such step inputs is decreased so that the system never has time to reach the corresponding steady-state, the step representation and Laplace domain are no longer adequate. Such rapidly varying command inputs (or disturbance) may be periodic, random, or a combination thereof. The wind loading of a tracking radar antenna, for example, results from a mean velocity component that varies with time plus superimposed random gusts. If the frequency distribution of these inputs can be calculated, measured, or even estimated, the frequency response can be used to determine their effects upon the system output.
输入信号的特性可以影响到系统分析和设计的技术的选择。许多的系统指令输入仅仅是让系统从一个稳定状态转移到另一个稳定状态。这种类型的输入可以用适当的位置、速度和加速度的阶跃来描述。但是，如果减小这些阶跃输入的间隔，系统没有足够的时间来到达下一个相应的稳态，则阶跃响应以及拉普拉斯域就显得不合适。这些快速变化的指令输入可以是周期的、随机的以及它们的组合。例如跟踪雷达天线的风力负载是由一个随时间变化的平均速度成分与迭加的随机阵风组成的。如果这些输入的频率的分布是可计算、测量、甚至可估计的，则频率响应可以用来决定系统输出的效果。

   From these equations we see that sinusoidal input to a linear stable system produces a steady-state response that is also sinusoidal, having the same frequency as the input but displaced through a phase angle Φ and having an amplitude that may be different. This steady-state sinusoidal response is called the frequency response of the system. Since the phase angle is the angle associated with the complex function G(jω0) and the amplitude ratio （c0/r0） is the magnitude of G(jω0), knowledge of G(jω0) specifies the steady-state input-output relationship in the frequency domain. G(jω0) is called the frequency transfer function and can be obtained from the transfer function G(s) by replacing the Laplace variable s by jω0 . Consequently, if G(jω0) can be determined from experimental data, G(s) can also be found by replacing jω0 by s.
根据以上方程，将正弦信号输入于一个稳定的线性系统，产生的稳态响应也是一个与输入信号具有相同频率的正弦信号，但是其相角和幅值可能会不同。这个稳态正弦响应称为系统的频 响应。由于频率响应的相角就是复函数G(jω0)的角度。幅值比（c0/r0）就是的G(jω0)幅值，所以G(jω0)在频率域定义了稳态输入-输出关系。G(jω0)成为频率传递函数，并可以通过将传递函数G(s)的拉普拉斯变量s替换为jω0而得到。，反之，G(jω0)可以通过实验得到，则传递函数也可以通过将jω0替换为s得到。

练习五：

1. 翻译80页最后一段（从In the Bode plot, 到as shown in Fig.2-4A-2.）。

2. 写出下列中文术语对应的英文：

阶跃响应、斜坡（ramp）响应、超调量、调节时间、开环系统、闭环系统，复数、实轴、频率域。

3. 阅读下列文稿：

Favor of golf game kills political life of S. Korean PM
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SEOUL, March 14 (Xinhuanet) -- Twenty-one months ago, when Lee Hae-chan took office as South Korea's prime minister, he may not expect his political life will be ended due to his favor of golf games. 

    On Tuesday, 54-year-old Lee stepped down from the premier post, paying great price for his hobby. 

    Lee has been at a center of criticism since earlier this month for he played golf with a group of businessman on March 1 in Busan, when a nationwide strike of railway workers began. The day is also a public holiday to mark a 1919 mass uprising for independence against Japanese colonial rule. 

    Even worse, one of Lee's golf partners was found to have criminal records. The businessman, head of a flourmill company, was reportedly ruled by the Fair Trade Commission to pay 3.5 billion won (3.58 million U.S. dollars) in financial penalty for illegal business activities. 

    Local media and opposition parties widely raised the possibility the flour businessman was lobbying the prime minister during the golf game to avoid the penalty. The opposition parties all demanded Lee to step down. 

    Controversy intensified after the golf game was found involved betting. Three businessmen in Lee's foursome said the amount of money betted was 400,000 won (410 dollars) and that one of them paid for all the expenses. 

    On March 10, the biggest opposition party the Grand National Party (GNP) filed the case to South Korean prosecution, which was reportedly to investigate the allegations in the near future. 

    Relevant ethics code bans civil servants from receiving more than 50,000 won (51.5 dollars) in expenses for congratulations and condolences, or entertainment worth more than 30,000 won (309.2 dollars) from business partners. 

    The code identifies "entertainment" as including meals, lavish treatment like golf, or services like transportation and accommodation. 

    Lee has since made four public apologies for his inconsiderate behavior which caused controversy among local people. But it seemed this time, his apologies did not work. 

    It was not the first time for Lee played golf at an "inappropriate time" after inaugurating as prime minister. 

    When a huge wildfire devastated an eastern mountainous region, including the thousand-year-old Naksan Temple in Yangyang, and forced several thousands of residents evacuate from the region in April 2005, Lee played golf with friends. 

    Lee made his apology before the National Assembly, vowing to be cautious and not to repeat such a blunder. 

    However, three months later, he flied to South Korean southern resort island of Jeju for golf games instead of staying in his office when torrential rains pounded the southern part of the country, causing serious damage for local people. 

    This time, Lee was blamed by local people not to stay in office to tackle the strike of the state-run railway company's some 17,000 workers, which paralyzed almost the whole transportation system of the country. 

    Public opinion became more and more unfavorable for Lee after the latest round of golf game was found to be more than a game. A lot of local citizens expressed their furious over Lee, saying he should not be pardoned this time. 

    An opinion poll showed recently, more than 52.8 percent of the respondents said the prime minister should resign. 

    Even, the ruling Uri Party also recommended South Korean President Roh Moo-hyun to accept the resignation offer of Lee. Leewas lawmaker of the governing party before nominated by Roh as prime minister. 

    Golf is an expensive sport in South Korea. A round of golf costs about 210 dollars. South Korean people, especially the rich and the middle class, show strong favor for the luxury sport. 

    Lee's resignation may provide chance for the GNP to gain the upper hand before the May 31 mayoral and gubernatorial elections. 

    Both Uri Party and the GNP attached great importance to the drawing local elections. 

    Roh has conducted two minor cabinet shakeups since the beginning of 2006, allowing some influential ministers to return to the ruling party to run in the local elections.
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