Air conditioning 

汽车空调
Part 2: The circuit in detail 电路详解
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The A/C electrical system consists of an ECU (usually referred to as an amplifier), a selection of inputs – earths, lives and sensor values – with the primary output control function being the relay for the magnetic clutch. Providing all the sensor values are acceptable, the amplifier will power up the magnetic clutch relay, the magnetic clutch will engage and refrigerant will be pumped around the circuit by the now operational compressor. 
这一（A/C）汽车空调电控系统包括一个引擎控制器（英文简称ECU），通常相当于一个扩大器，和一些输入物，如地线，live，和传感器值。这些输入物的初级输出控制功能是电磁离合器的继电器。如果所有这些传感器值都正常的话，扩大器将启动电磁离合继电器，电磁离合器将启动，制冷剂将被正在运行的压缩机抽取出来沿着回路运行。
Blower switch  鼓风机开关
The blower switch performs 2 functions in 1 unit. Its first function is to provide a route to earth for the heater relay. When the switch is turned to any of its variable speed “on” settings, current can flow though the switch and down to earth to allow the relay to switch on. Once the relay is switched on, a feed is provided to the A/C switch. Once the A/C switch is turned on, a feed is provided to the A/C amplifier to enable it to operate.
鼓风机开关集两个功能于一体。第一个功能是提供一个接地路线给加热器继电器。当开关转变为任何变速“开启”的设置时，电流可以通过开关接到地上，继电器开启。一旦继电器开启，一次供电被提供到A/C开关。一旦A/C开关开启，扩大器就拥有了一次供电并开始运行。
The second function of the blower switch is to perform the role of a variable resistor. Depending upon which position the switch is rotated to, its internal resistance will change accordingly. Position 1 – high resistance, 2 slightly less, 3 slightly less still. This varying resistance controls how much current is able to pass through the blower motor; the higher the resistance, the lower the amount of current able to pass through the blower motor circuit. The less current that can pass through the motor, the slower it will rotate. This will in turn control the rate of air being passed though the evaporator and/or heater matrix depending upon the position of the vents in the heater box. 
鼓风机开关的第二个功能是它相当于一个可变电阻。开关转到的位置不同，它的内阻力也相应地改变：位置1即高阻力，2阻力轻微减弱，3阻力再轻微减弱。这一变化的阻力控制了可以通过鼓风电动机的电流量。电阻越高，可以通过鼓风电动机线路的电流就越少。可以通过电动机的电流越少，它转的速度就越慢。反过来，这又控制了通过蒸发器和（或）加热器矩阵的空气速度，这一因素决定了加热箱中通风口的位置。
A/C compressor clutch A/C压缩机离合器
A fixed capacity compressor is usually fitted with an electromagnetic clutch giving the A/C system an ability to engage and disengage drive to the compressor. The clutch typically consists of 3 parts: a field coil or stator; a rotor assembly or pulley; and a pressure plate. The pressure plate is connected to the central compressor shaft. If the pressure plate rotates, so will the compressor internals. The pulley is free to rotate at all times and is permanently driven by the auxiliary belt when the engine is running. When the stator is energised a magnetic field is generated. Current flows through the A/C clutch relay closed contact, through the stator winding and down to earth, usually through the compressor casing and into the chassis of
一个固定电容压缩机通常配有一个电磁离合器，这两者共同作用使得A/C系统能够连接和断开到压缩机的驱动。离合器通常由三部分组成：一个磁场线圈或转子，一个转子装配或轮子，还有一个承压板。承压板是连接到中心压缩机轴的。如果承压板转动的话，压缩机内部构件也随之转动。滑轮一直都是自由转动的，当引擎运行时，滑轮总是由辅助带驱动的。转子启用时会产生一个磁场。电流通过A/C离合继电器关闭的触点，经由旋转的转子连接到地，通过压缩机机壳进入车底盘。
[image: image2.png]Pressure plate
N





[image: image3.png]



the vehicle. This magnetic field pulls the pressure plate along the splines of the compressor shaft where it comes into contact with the pulley. Once there is frictional contact between the pulley and the pressure plate the compressor shaft will start to rotate at pulley speed. When this frictional contact occurs the compressor is commonly described as being engaged. When the supply of current to the stator is removed by the A/C clutch relay opening, a spring, seated against the pressure plate, pushes the pressure plate out of contact with the pulley and the pulley is again disengaged from driving the compressor and rotates freely. 
这一磁场牵引承压板沿压缩机轴的齿槽运动。在压缩机轴上，承压板同轮子咬合。一旦轮子和承压板间存在摩擦接触，压缩机轴将开始以轮速转动。当摩擦接触发生时，压缩机被认为是被启用了。A/C离合继电器的开启会切断轮子的电流供应。此时，安装在承压板后的弹簧弹起，推动承压板使其与轮子分离，轮子再次脱离，不再驱动压缩机并开始自由转动。
      Compressor speed sensor 压缩机速度感应器
Some compressors are additionally fitted with a revolution speed sensor. This speed sensor value is monitored in relation to engine speed by the A/C amplifier (amplifier programming takes into account the pulley drive ratio). This comparison gives the A/C amplifier the ability to identify belt and/or magnetic clutch slippage, or even a locked up compressor. In this instance, to protect the system, the magnetic clutch is disengaged and A/C operation will cease. The driver is notified about this fault through the light on the A/C on/off button flashing or by some other means dependent upon manufacturer.
一些压缩机另外配有一个转速感应器。这一感应器值由A/C扩大器监控，并把它与引擎转速作对比。扩大器程序中会有一项参数为轮传动比。这一比较使A/C扩大器能够识别带子和、或电磁离合器的滑动量，甚至是一个锁定的压缩机。在本文的情况下，为保护系统，我们将切断电磁离合器，A/C也将停止运行。驾驶员可以根据A/C的开关灯的闪烁或者其他途径（取决于制造商）发现这一情况。
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High pressure switch 高压开关
A pressure switch is fitted in the high-pressure side of the system. It can be placed in a selection of locations but it will always be found somewhere in the high pressure part of the circuit in between the compressor output and the thermal expansion valve. Two pressure sensitive switches (diaphragm operated) are located into the one unit. 在系统的高压侧装有一个压力开关。它可以被安装在几个位置上，但这些位置仅限于线路的高压侧，且在压缩机输出端和热力膨胀阀之间。两个隔板操控的压力感应开关被安装在一个元件中。
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The two switches combined are able to indicate three conditions. The first switch (switch 1), under normal operating pressures (typically 15 bar) will be in its closed or in its “on” state. If the pressure applied to it by the refrigerant is too high (26-30 bar), the switch contacts will open. Once the circuit is broken the amplifier detects the voltage change in this circuit and de-energises the magnetic clutch relay, turning the compressor off. This is done to prevent the system over-pressurising which could cause permanent damage to numerous components in the circuit. Conversely, if the pressure in the high pressure part of the circuit drops significantly (to 1–2 bar), the same switch opens in the other direction, again opening the contacts. This again leads to the same outcome of turning off the compressor. The most likely cause of such low pressure in the high pressure side of the system would be insufficient refrigerant. As the refrigerant is used as a ‘vehicle’ for the system’s lubricating oil, this could lead to seizure, hence the action of switching off the compressor. 两个开关共同作用，结果有三种情况。第一个开关，即开关1，在正常工作电压（15巴）下是闭合的或者状态为“on”（运行）。如果制冷剂对它施加压强太高（26-30巴），开关触点将打开。一旦线路断开，扩大器探测到线路上的压强变化，就会停止电磁离合继电器运行，关闭压缩机。这样做是为了防止由于系统压强过大导致的对电路中无数构件永久性的损害。反过来说，如果电路中高压端的压强下降幅度过大（到1-2巴），开关1会向反方向开启，并再次打开触点。这又引发了关闭压缩机的同样结果。系统高压侧产生如此低压强的最可能原因是制冷剂不足。因为制冷剂被认为是系统润滑油的一个载体，所以这样会导致系统阻塞。正是由于这个原因，才会进行关闭压缩机的操作。
The second mechanical switch located in the switch unit is designed to close when the refrigerant pressure rises to just above normal operating pressure (16–18 bar). When the switch closes, the A/C amplifier switches the condenser cooling fan to high speed. This increases the quantity of air flowing over the condenser causing the refrigerant to cool further and contract. This reduces the pressure back to a normal range which is ideal for optimum cooling of the evaporator.
第二个安装在开关元件中的机械开关作用是，在制冷剂压强超过正常工作压强（16-18巴）较小时关闭开关。当开关关闭，A/C扩大器将冷凝器的冷却风扇调至最高速运转。这样做会增加通过冷凝器的气流量，使制冷剂进一步冷却和压缩。结果是减小压强至正常范围，创造蒸发器的最佳冷却压强。
Evaporator Sensor 蒸发器感应器
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Evaporator temperature sensor 蒸发器温度感应器
This is used to sense an excessively over-cooled evaporator condition to prevent frosting on the evaporator fins (ice is an excellent heat insulator and the efficiency of the air conditioning will reduce drastically if the evaporator becomes frosted). 
这一装置是用来感应过于冷却过度的蒸发器环境，防止蒸发器扇片上有霜化的情况。冰是一种很高效的吸热剂，如果蒸发器被雾化，空调的效率会大大降低。
The sensor is an NTC type thermistor and will therefore experience an increase in electrical resistance as its temperature reduces (and vice versa). This change in resistance provides a detectable temperature condition (measured by the amplifier). When the sensor indicates that the evaporator is at risk of frosting, the ECU will disengage the magnetic clutch to prevent this. 
这一感应器是NTC（负温度系数热敏电阻）类型的热敏电阻器。因此，在它的温度降低时，其电阻会升高。反之也是一样。这种电阻的改变能被扩大器侦测到，所以它提供了一种可探测的温度条件。当感应器显示蒸发器有雾化的趋势时，引擎控制器（即ECU）将会切断电磁离合器来避免雾化的发生。
Operation运行
Much like the coolant temperature circuit on a typical engine management system, this uses 2 resistances in series. The first resistance inside the amplifier has a fixed value and the second resistance (the thermistor) has a varying value according to temperature. As current flows through the circuit a volt drop occurs across each resistance.
很像一个典型的引擎管理系统中的冷却液温度电路，它使用了2个串联的电阻。扩大器中的第一个电阻有一个不变值，第二个电阻（那个热敏电阻器）有一个随温度改变的可变值。当电流通过电路时，无论通过那个电阻，都有压强降低的情况。
As the temperature drops, the thermistor resistance increases. Conversely, as the temperature increases the resistance of the thermistor drops. If the resistance inside the amplifier is equal to the resistance in the thermistor the volt drop across the first resistance would be 2.5 volts (the 5 volts applied is halved). The remaining 2.5 volts will drop to zero as current flows through the second resistance (the thermistor). As the voltage is monitored inside the amplifier after the first resistance (where the arrow is located on the diagram) the voltage value can be interpreted as a temperature and the amplifier can act accordingly. As the temperature of the evaporator drops, the resistance of the thermistor will increase. This means that there will be a higher volt drop across the evaporator temp sensor than across the resistance inside the amplifier. Therefore the measured voltage value (at the arrow inside the amplifier) will be higher. This higher voltage reading will be interpreted by the amplifier that the temp sensor is detecting a colder temperature and again the amplifier can act accordingly. The action will typically involve the opening of the A/C compressor relay. This will lead to a reduction of refrigerant flow around the system which will reduce the cooling effect of refrigerant evaporating inside the evaporator. 
温度下降时，热敏电阻器电阻升高。反过来，温度升高时，热面电阻器电阻降低。如果扩大器中的电阻同热敏电阻器中的电阻相等，通过电阻器1后压强会降低2.5伏特，是被施加压强5伏特的一半。剩下的2.5伏特会在通过电阻2（热敏电阻器）时降至0伏特。压强通过电阻器1后在扩大器内被监控，如图中箭头的位置所示，压强值将被解读为一个温度值，扩大器由此来做出反应。蒸发器的温度下降时，热敏电阻器电阻升高。这意味着相比通过扩大器内部的电阻后的压强，通过蒸发器温度感应器后的压强降幅更大。因此，被测量的电压值，即扩大器内部的箭头所在位置，会更高。这一较高的压强值被扩大器解读为，温度感应器正探测到一个较低温度，扩大器再次随之行动，通常包括打开A/C压缩机继电器。这会引起系统中循环的制冷剂减少，蒸发器内部蒸发的制冷剂的制冷效果减弱。
Finally, as the evaporator warms up, the resistance of the evaporator temp sensor will drop. This will mean that, comparatively, there will be a larger volt drop across the resistance inside the amplifier and a smaller volt drop across the evaporator temp sensor. As there is a larger volt drop across the resistance inside the amplifier the voltage measured after it will be lower. This reduction in measured voltage at the arrow inside the amplifier will be interpreted by the amplifier that the temperature of the evaporator has increased to a level where frosting is no longer a risk and the magnetic clutch will be re-engaged through control of the relay. 
最终，当蒸发器变热时，蒸发器温度感应器的电阻减小。这意味着，相对来说，通过扩大器内部电阻的电流压强降幅较大，通过蒸发器温度感应器的电流电阻压强降幅较小。由于通过扩大器内部电阻的电流压强降幅较大，所以通过后的测试压强相对较低。这一扩大器内部箭头位置的测试压强的降低被扩大器解读为，蒸发器的温度已经上升到一定标准，此时不再存在雾化的可能，电磁离合器通过继电器的控制将会重新启用。
In summary, study the diagram in detail and check the inputs and outputs of the A/C system. A good clear understanding of voltage in a circuit is essential to the accurate electrical diagnosis of the A/C system. It is only when the correct voltages are applied to the A/C amplifier from the key inputs that the primary output (the A/C compressor relay) will be energised. 
总之，详细研究图表并检查A/C系统的输入和输出。对于电路中电压的清楚的认识在A/C系统的精确电控诊断中是一个基本的要求。只有A/C扩大器上的电压是来自输入端的正确电压时，初级输出（即A/C压缩机继电器）才会被激活开启。
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Q: The owner of a 2000 VW Passat fitted with a 1.9TDI engine reports that the engine overheats, but only when the car is driven at speeds of over 50 mph. I have replaced the thermostat and checked the operation of the temperature sensor and switches as well as the cooling fan. The coolant has been examined for signs of combustion gases and checks have also been made of the cooling system for air locks or blockages. I am sure that the overheating is caused by a circulation problem but I have run out of ideas.  
问：一辆大众汽车帕萨特2000，配置是1.9TDI（涡轮直喷增压引擎）引擎。车主反映，只有在汽车车速超过50mph时，引擎会出现过热的情况。我已经重装了一个调温器，检查了温度感应器和开关，还有冷却风扇的运行情况，均正常。已经对冷却剂进行测试，没有燃烧气体的迹象。检查冷却系统时，也没发现气封和阻塞的情况。我很确定过热是因为循环出了问题，可是找不出原因。
A: The problem lies with the water pump. It is not uncommon for the pump vane to develop hairline cracks. When the pump is spinning relatively slowly it will pump the coolant around the engine normally and there will be no overheating. However, when the pump reaches higher speeds the cracks expand due to centrifugal force and the vane slips on the water pump shaft.  At this point the coolant stops circulating in the engine and the engine overheats.
答：问题出在水阀上。泵片出现细裂纹是最经常发生的情况。当水阀滑动相当缓慢时，它会正常抽取引擎中的冷却剂，不会出现过热的情况。但是，如果水阀滑动较快，裂纹由于离心力会变宽，泵片会从水阀主轴上脱落。此时，冷却剂在引擎中的循环停止，引擎过热。
Q: A Peugeot 307 1.6 with engine code NFU is difficult to start, often stalls and also hesitates during acceleration. The MIL light has not illuminated and when we check the system with a scanner there are no fault codes stored. Fuel pressure has been checked and the fuel filter replaced, along with the spark plugs and ignition coil pack. 
问：标致2071.6，引擎代码为NFU，很难启动，经常熄火，加速时会停顿几次。指示灯没有闪烁的情况。用扫描器检查系统，没有显示任何已储存的故障代码。检查了燃料压力，正常。更换了燃料过滤器，火花塞和点火线圈后仍没有解决问题。
A: Instances have been reported where vibration of the inlet manifold has caused connection problems at the throttle motor and manifold absolute pressure (MAP)/intake air temperature (IAT) sensor electrical connections. The cure is relatively simple, using a connector repair kit from Peugeot if there’s evidence that terminals are damaged during examination of the throttle motor and MAP/IAT sensor. The connectors for both components should then be fixed using cable ties so that they cannot move or flex. After the repair, initialise the stop position of the accelerator pedal position sensor by switching the ignition on for 35 seconds and ensure that nothing is operated during this period. It would also be wise to check the engine control module (ECM) software version and have it up-dated if necessary.   

答：有反映说以下情况也会出现：进气歧管的震动会引发连接故障，故障发生在油门马达和进气歧管（MAP）/进气温度（IAT）感应器的电气连接上。解决方法很简单，使用一个标致车的连接器修复工具套装修复。条件是有证据显示，在油门马达和MAP/IAT感应器的检测中发现了终端被破坏的情况。两个部件的连接器应该可以用扎带来修复，让它们固定，不会移动或弯曲。维修后，启动加速踏板位置感应器的停止位，方法是启动点火器35秒，并确保中间不要进行任何操作。另一个便捷的方法是检查引擎控制模式（ECM）软件版本，必要的话，把它更新一下。
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Next month’s article in this series will look at diagnostic techniques for tackling problems – whether they be electrical, mechanical or gas! 
本系列下个月的文章将说明处理问题的诊断技巧：它们是否为电控问题，机械问题或是燃料问题。
These articles are contributed by ProAuto, an automotive technical training company based in Shrewsbury, Shropshire. The company runs courses from venues nationally, so a course is never too far away. For further details, visit www.proautotraining.com  or email info@proautotraining.com or telephone  01743 762050.
这些文章来自ProAuto。ProAuto是一家位于英国什罗普郡什鲁斯伯里市的汽车技术培训公司。公司在全国都有授课点，很方便您的参加。如想了解详细信息，请浏览我们的网站www.proautotraining.com或发送电子邮件到info@proautotraining.com，或拨打电话01743 762050。
