第十一次课（3学时）

PART 5 Process Control

UNIT 1

A: A Process Control System

背景知识：生产过程是指这样一些工业过程：炼油、化工、冶金、制药、造纸、食品等。其特点是，生产过程连续、工艺比较复杂、变量多、变量之间耦合多、非线性特性严重、时间滞后大、可靠性与安全性要求高等。过程控制是自动控制领域的一个重要组成部分。

New Words:

composition  n. 成分  

ensuing a. 后续的  

ensue  vi. 接着发生、结果是  注意区分：ensure  vt. 担保、保证

fix  v. 牢记 

latent heat 潜热

heat exchanger  热交换器   

condensing steam  冷凝蒸汽

inlet  n. 入口   

outlet  n. 出口  

deviate  vt. 使偏离  

correct  vt. 校正

throttle  vt. 节流、扼流、调节   n. 调节阀、节流阀

thermometer  n. 温度计   

thermistor  n. 热敏电阻  

transmitter  n. 变送器

final control system  执行机构

解释：

As we shall see in the ensuing pages, processes are dynamic in nature. Changes are always occurring, and if actions are not taken, the important process variables—those related to safely, product quality, and production rates—will not achieve design conditions. 

在后续的章节中，我们可以看到过程的特性是动态的。各种参量总是在变化，如果不采取措施，这些重要的，与安全、产量以及生产率有关的过程变量将无法达到设计值。

The engineer designing a control system must be sure that the action taken affects the variable to be controlled, that is, that the action taken affects the measured value. Otherwise, the system is not controlling and will probably do more harm than good. 

工程师在设计控制系统时，必须确保控制行为是可控的，即，控制行为所影响的变量是可测量的。否则的话，系统不但是不可控的，而且还会有有害的结果。

注：safely 应该改为safety。

翻译示例：

One way to accomplish this objective is by first measuring the temperature T(t), then comparing it to its desired value, and based on this comparison, deciding what to do  to correct for any deviation. The flow of steam can be used to correct for the deviation. This is, if the temperature is above its desired value, then the steam valve can be throttled back to cut the steam flow(energy) to the heat exchanger. If the temperature is below its desired value, then the steam valve could be opened some more to increase the steam flow(energy) to the exchanger. All of these can be done manually by operator, and since the procedure is fairly straightforward, it should present no problem. However, since in most process plants there are hundreds of variables that must be maintained at some desired value, this correction procedure would required a tremendous number of operator. Consequently, we would like to accomplish this control automatically. That is, we want to have instruments that control the variable without requiring intervention from the operator. This is what we mean by automatic process control.

完成这个目标的一个方法是首先测量温度，然后将其与期望值比较，在比较的基础上再决定如何去做以消除偏差。蒸汽的流量可以用于消除偏差。即， 如果温度高于期望值，将蒸汽阀关小以削减进入热交换器的蒸汽（能量）。如果温度低于期望值，则蒸汽阀门就会打开大一点以增加蒸汽流量（能量）。 所有这些都可以由操作员手工完成，而且由于步骤很直观，不会有什么问题。然而。在大多数的生产过程中有数百的变量必须维持在期望值，这就要求有很多的操作员。因此，我们就希望采用自动控制来完成这些工作。即，我们要用仪表来控制这些变量而不需操作员干预。这就是过程的自动控制。

To accomplish this objective a control system must be designed and implemented. A possible control system and its basic components are shown in Fig. 5-1A-2. The first thing to do is to measure the outlet temperature of the process steam. A sensor (thermocouple, resistance temperature device, filled system thermometers, thermistors, etc) does this. This sensor is connected physically to a transmitter, which takes the output from the sensor and converts it to a signal strong enough to be transmitted to a controller. The controller then receives the signal which is related to the temperature, and compares it with desired value. Depending on this comparison, the controller decides what to do to maintain the temperature at its desired value. Base on this decision, the controller then sends another signal to final control element, which in turn manipulates the steam flow. 

为了实现这一目标，必须设计与安装一个控制系统。一个可能的控制系统以及基本的元件如图5-1A-2所示。首先是测量出口处的蒸汽温度。可以使用一个传感器（热电偶、热敏电阻、温度计、热电阻等）来检测温度。该传感器与一变送器相连，变送器用于将传感器信号转换为足够强的可传输给控制器的信号。控制器接收这一与温度有关的信号将其与期望值比较。基于这一比较，控制器决定如何去作，以维持温度在期望值。然后控制器送出一个信号给执行机构以操纵蒸汽流量。

As mentioned, these three operations, M, D, and A must be present in every system. The decision-making operation in some system is rather simple, while in other it is more complex. The engineer designing a control system must be sure that the action taken affects the variable to be controlled, that is, that the action taken affects the measured value. Otherwise, the system is not controlling and will probably do more harm than good. 

正如前面所说的，测量（M）、决策（D）和动作（A）这三种操作出现在每一个系统中。决策行为在一些系统中是相当简单，而在一些系统则比较复杂。工程师在设计控制系统时，必须确保控制行为是可控的，即，控制行为所影响的变量是可测量的。否则的话，系统不但是不可控的，而且还会有有害的结果。

B: Fundamentals of Process Control

背景知识：在过程控制中，有这么几个概念：被控量，例如上文中，热交换器的出口温度；操纵量，例如上文中的热交换器入口蒸汽流量。

在自动控制中，有两类重要的控制：调节控制和伺服控制。调节控制是指给定值是恒定的，控制器的作用是使被控制量保持在给定值的附近；伺服控制是指给定值是一个时间的函数，控制器的作用是使被控制量跟随给定值。

在生产过程中，往往会有易燃易爆的物质，所以通常使用气动执行机构。例如气动调节阀。

New Words: 

controlled variable  被控变量

manipulated variable  操纵变量

flaw  n. 缺点、缺陷  

transducer  n. 变换器、转换器、变送器

fluid flow 流体  

heat transfer 热传递  

separation process 分离过程

reaction process 反应过程 

解释：

The manipulated variable is the variable used to maintain the controlled variable at its set point. 操纵量是指维持被控变量在设置点的变量。

翻译示例

At this time it is necessary to define some terms used in the field of automatic process control. The first term is controlled variable. This is the variable that must be maintained or controlled at some desired value. In the preceding example, the process outlet temperature, T(t), is the controlled variable. The second term is set point, the desired value of controlled variable. The manipulated variable is the variable used to maintain the controlled variable at its set point. In the example, the flow of steam is the manipulated variable. Finally, any variable that can cause the controlled variable to deviate away from set point is defined as a disturbance or upset. In most process there re number of different disturbance. As an example, in the heat exchanger shown in Fig. 5-1A-2, possible disturbance are inlet process temperature, Ti(t), the process flow q(t), the quality of the energy of steam, ambient conditions, process fluid composition, fouling, and so on. What is important here is to understand that in the process industries, most often it is because of this disturbance that automatic process control is needed. If there were no disturbance, design-operating conditions would prevail and there would be no necessity of continuously “policing” the process.

此时，有必要定义一些自动过程控制的术语。第一个属于是被控变量。该变量是指那些要维持或者控制在期望值的变量。，在前面的例子中，过程出口的温度T(t)就是被控变量。第二个术语是设定点，指被控变量的期望值。操纵变量是指用于将被控变量控制在期望值的变量。在前面的例子中，蒸汽的流量就是操纵变量。最后，所有会使被控变量偏离期望值的变量就称为干扰或者扰动。在大多数的过程中，有多个不同的干扰。例如，在图5-1A-2所示的热交换器中，可能的干扰有，入口的过程温度Ti(t)，过程流量q(t)，蒸汽能量的质量，周围的条件过程流质的成分，堵塞等等。必须理解，正是因为干扰存在，才需要自动控制。如果没有干扰，所设计的工作点就一直保持，也就不需要连续地调节过程了。

The following additional terms are also important. Open loop refers to the condition in which the controller is disconnected from the process. That is, the controller is not making decision of how to maintain the controlled variable at set point. Another instance in which open loop control exists is when the action (A) taken by controller does not affect the measurement (M). This is indeed a major flaw in the control system design. Close-loop control refers to the condition in which the controller is connected to the process, comparing the set point to the controlled variable and determining corrective action.

下面附加的术语也是重要的。开环是指这样的条件：控制器不与被控过程相连接。即控制器不会为维持被控变量在设定值而作决断。开环控制的另一个例子是控制器的动作不会影响测量量。闭环是指这样的条件：控制器与被控过程相连接，将设定值与被控变量相比较然后决定再决定相应的调节行为。

Let us now say a few words about the signal used to provide communication between instruments of control system. There are three principal types of signals used in the process industry today. The pneumatic signal, or air pressure, ranges normally between 3 and 15 psig. Less often, signal of signals of 6to 30 psig or 3 to 27 psig are used. The usual representation in piping and instrument diagrams(P&ID) for pneumatic signal is     
[image: image1.wmf]   .The electrical, or electronic, signal range normally between 4 and 20 mA. Less often 10 to 50 mA, 1 to 5V or 0 to 10V are used. The usual representation in (P&ID) is          . The third type of signal, which is becoming common is the digital, or discrete, signal( zeros and ones). The use of process-control system based on large-scale computer, minicomputer, or microcomputers is forcing increased use of this type of signal. 

   我们来稍微讨论一下控制系统仪表之间通信所使用的信号。今天，在过程工业中主要使用三种信号。压缩空气信号，范围从3 到 15 psig，不太常用的信号有6到 30 psig 或者 3 到 27 psig。在管道和仪表图(P&ID)中压缩空气的表示符号为           。电气信号，通常是4 到 20 mA，不太常用的信号有10 到 50 mA, 1 到 5V 或 0 到10V。在管道和仪表图(P&ID)中电气的表示符号为：         。第三种信号正变得日益普遍，是数字信号，或者离散信号。在过程控制系统中基于大型、小型或者微型计算机使用的增加，使得这种类型信号使用增加。


UNIT 2

A: Sensors and Transmitters

背景知识：在过程控制中，有四个参量是使用得最多的，即：温度、压力、液位和流量。因此和这四个量有关的传感器和变送器也是最多的。测量温度通常使用热电偶和热电阻，而差压变送器（集传感和变送为一身）则可以用来检测压力、流量以及液位。4~20mA是传感器/变送器送出的标准信号。

New Words:

pressure  n. 压力   

temperature  n. 温度  

flow  n. 流量 

level  n. 液位   

differential pressure sensor 差压传感器

differential pressure transmitter 差压变送器  

nominal  a. 标称的

解释：

A differential pressure sensor measures the differential pressure, h, across an orifice. This differential pressure is related to the square of the volumetric flow rate F.  That is F2ah.

差压传感器测量一个孔口两边的压力差。该压力差与体积流量的平方成正比。即F2ah。

注：F2ah应该是
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之误。

This expression shows that the gain is not constant but rather a function of flow.

该表达式说明，增益不是常量，而是一个流量的函数。

翻译示例

Sensors and transmitters perform the measurements (M) operation of control system. The sensor produces a phenomenon, mechanical, or the like related to the process variable that it measures. The transmitter in turn converts this phenomenon into a signal that can be transmitted The signal, therefore, is related to the process variable. 

传感器和变送器在控制系统中起着测量的作用。传感器产生的现象、机制或其他与被测量的变量有关。变送器将传感器所产生的量转换成可以传输的信号。该信号因此与过程变量有关。

There are three important terms related to the sensor/transmitter combination. The range of the instrument is given by the low and high values of process variable that is measured. That is, consider a pressure sensor/transmitter that has been calibrated to measure a process pressure between the value of 20 psig and 50 psig. We say that the range of the sensor/transmitter combination is 20~50 psig. The span of the instrument is the difference between the high and low values of the range. For the mentioned pressure instrument the span is 30 psi. To summarize, we must specify a low and a high value to define the range of an instrument. That is two number must be given. The span of the instrument is the difference between the two values. Finally, the low value of range is referred to as the aero of the instrument. The value does not have to be zero in order to be called the zero of the instrument. For the above example, the “zero” of the instrument is 20 psig.

传感器/变送器有三个重要的术语。仪表的量程是所测量的过程变量的最小值和最大值。例如，考虑一个压力传感/变送器，已经校验为压力测量值为20到50psig。仪表的测量范围是最大值和最小值的差。因此，所论的压力仪表的测量范围为30psi。总结一下，我们必须定义仪表量程的最大值和最小值。这两个值必须给出。仪表的测量范围是这两个值的差。最后，仪表测量的最小值称为仪表的零点。该虽然称为零点，但不一定要等于零。例如，我们所讨论的仪表的零点是20psig。

This expression shows that the gain is not constant but rather a function of flow. The greater the flow is , the greater the gain.

该表达式说明，增益不是常量，而是一个流量的函数。流量越大，增益也越大。

So the actual gain varies from aero to twice the nominal gain.

因此，实际的增益取值范围是从0到标称增益的2倍。

This fact result in a nonlinearly in flow control system. Nowadays most manufactures offer differential pressure transmitters with built-in square root extractors yielding a linear transmitter.

该事实导致控制系统的非线性。，今天，大多数的制造商都能提供嵌入式的开方器，因而得到线性的变送器。

The dynamic response of most sensor/transmitter is much faster than the that of process. Consequently, their time constants and dead time can often be considered negligible and thus, their transfer function is given by a pure gain. However, when the dynamics must be considered, it is usual practice to represent the transfer function of the instrument by first-order or second-order system.

传感器/变送器的动态响应要比过程的特性快很多。因此，它们的时间常数和死区时间都可以忽略不计，所以传递函数可以是一个纯增益。然而，当仪表的动态特性必须要考虑时，往往将其传递函数看成一个一阶或者二阶的系统。

上次作业参考答案“
“和原来的系统相比，温度控制精度提高到±0.5℃，能量消耗下降了4%”

Comparing with the original system, the temperature control accuracy of system is up to±0.5℃ while the energy consuming is decreased by 4%.
练习十一

将下列中文文摘用英文重写：

本文介绍了一种测量大坝形变（deformation）的计算机监测（supervisory）系统。利用贴在大坝上的电阻应变仪（strain gauge），将大坝的形变转换为电流信号。通过使用采用硬件滤波加软件滤波的方式，提高了检测的精度。将经过滤波后的信号通过RS-485总线送入计算机中进行实时监测，一旦形变超过设定值（set point），将立即发出报警信号。系统最大检测点可以达到300点。
关键词：大坝形变、计算机监测、应变仪
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