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TE Connectivity (TE) 公司的M3200压力传感器

符合新的性能标准 — 简约、可靠、强健

暖通空调制冷系统中
压力传感器的重要性

简介 
传感器是大多数暖通空调制冷（HVACR）系统不可或缺的组成部分，不仅能够帮助它们维持一个舒适的室

内气候，而且还能提升HVAC系统的能效。此外，它们还能实现HVAC系统与楼宇自动化系统的整合。

传统的HVAC系统使用压力及温度传感器和开关来控制系统的基本操作，例如，打开或关闭系统，打开或关

闭阀门或通风口等。由于HVAC系统必须变得更加高效，因此，市场对更加精细地控制不同的子系统有着紧

迫的需求。这导致了无数的技术进步，例如，冷媒流量可变、变速电机和鼓风机、电子膨胀阀等众多用于精

细调节系统和降低总能耗的控制方法。
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传感器在提升这些系统的能效方面扮演着重要角色，它们监测系统的各个部分，并确保所有这些部分以最佳方式运行。

事实上，越来越多的传感器被安装在这些系统中，用于监测这个过程和维持准确度。可靠性已成为确保数据准确性和一

致性的关键。

HVACR系统中最常见的感测类型包括温度和压力，而且运用湿度传感器、气体传感器和其它传感技术的趋势日益明显。

那么，当这些传感器不够可靠或强健时会发生什么？系统可能发生故障，最严重时可能造成数千美元的损失。更多时

候，传感器故障将导致系统丧失效率、运行不稳定、办公室或家中环境控制不均匀等问题。某些情况下，系统提供的冷

风或暖风不足，这会带来人员舒适感问题，从而导致生产率下降和设备问题。最坏情况是，当温度对于计算机设备、食

品或药品保存、器官维持等至关重要时，系统问题有可能导致代价高昂的设备故障，甚至生命损失。此外，诊断和维修

这些问题的服务不仅昂贵，而且耗时。

本文将重点探讨压力传感器，具体而言，重型压力传感器的需求，以及TE Connectivity (TE) 是如何应对该市场所面临的挑战的。
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The Importance of Pressure Sensors in HVACR Systems

Sensors have played a big role in improving the efficiency of these systems by monitoring various 
parts of the system and ensuring that all parts are functioning optimally. In fact, an ever-increasing 
number of sensors are being installed in these systems to monitor the process and maintain accuracy. 
Reliability has become absolutely key to ensuring precise and consistent data.

The most common sensing types in HVACR systems include temperature and pressure along with a 
strong push toward using humidity sensors as well as gas and other sensing technologies. So, what 
happens when these sensors aren’t reliable or robust enough? Systems can fail causing thousands 
of dollars in damages for the most serious cases. More often, sensor failures result in loss of system 
efficiency, erratic operation, and uneven environmental controls in the building or home. In some 
cases, the system provides inadequate cooling or heating and causes comfort issues with personnel, 
resulting in poor productivity and equipment issues. In a worst-case scenario, when temperatures 
are critical for computer equipment, food preservation or for medicine, drug or organ maintenance, 
system issues can contribute to expensive equipment failure or even the loss of life. In addition, 
service calls to diagnose and repair the issues can be very expensive and time consuming.

In this paper, we will concentrate our discussion on pressure sensors and, specifically, on the needs of 
heavy-duty pressure sensors and how TE Connectivity addresses the challenges faced in this market.
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恶劣的环境需要坚固、强健、可靠的传感器

虽然HVAC系统使用各种板载压力传感器监测滤网和风暖中央式系统中的压力，但大部分压力感测是通过重型压力传感器实

现的，它们用于监测基于压缩机的系统中的冷媒压力，或者大型商用冷水机或其它制冷系统中的水压或其它液体的压力。

商用和家用HVACR系统中的环境属于最具挑战的工业环境。由于温度波动大，湿度高，而其常常伴随电噪声，HVACR系统

需要足够坚固，不仅能够连续运行，同时还能提供准确、可重复的测量读数的传感器。
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TOUGH ENVIRONMENTS REQUIRE RUGGED, ROBUST, RELIABLE SENSORS

While a range of board mount pressure sensors are used in HVAC systems for filter monitoring as well as 
pressure monitoring throughout a forced air system, the bulk of the pressure sensing is accomplished using 
heavy duty pressure sensors to monitor refrigerant pressure in compressor-based systems as well as water 
or other liquid pressures in large commercial chillers and other refrigeration systems.

The environment found in commercial and residential HVACR systems can be one of the most challenging 
industrial environments. With large temperature swings, high moisture levels and, often, electrical noise, 
the HVACR system requires sensors that are rugged enough to function continuously while providing 
accurate and repeatable readings.

MICROFUSEDTM TECHNOLOGY

TE Connectivity offers the M3200, the latest in a long line of pressure 
sensors designed and manufactured using our MicrofusedTM technology. 
Derived from demanding aerospace applications, our technology employs 
micro-machined, silicon piezoresistive strain gages fused with high 
temperature glass to a stainless-steel diaphragm. Our technology is a 
unique construction of the sensor front end made from a single piece of 
steel. The result is a hermetic fitting that is free from failure-prone welds 
and o-rings. Bottom line – it’s more reliable.

The M3200 is an industrial pressure transmitter that reaches a new price 
performance standard for demanding HVACR pressure applications. 
Available with a wide range of threaded pressure port and connector 
options, it has standard pressure ranges available from 100 to 5000psi or 
7 to 350bar. The M3200 is designed for ease of installation and reliable 
performance in harsh environments.

What follows is a technical description of our technology and key benefits 
for an HVAC application. At TE Connectivity, we believe these are important 
features for design engineers to consider when creating next-generation 
HVACR systems.

TE Connectivity (TE) 的M3200是采用其专有MicrofusedTM技术设计和生产的庞大的压

力传感器家族的最新成员。我们的技术源自苛求的航空航天应用，将微机械加工的硅压阻

应变计用高温玻璃与不锈钢隔膜微融在一起。我们的技术是使用一整块钢打造一个独特的

传感器前端结构，其结果就是一个没有易发生故障的焊缝和O型密封圈的密封配件。最重

要的是：它更为可靠。

M3200压力变送器是一款工业压力传感器，为那些要求苛刻的HVACR压力应用树立了一

个新的性价比标杆。该产品提供丰富的螺纹压力端口和连接器选项，其标准压力量程为100 

－ 5000psi或7－350bar。M3200压力变送器便于安装，可在恶劣环境中可靠运行。

下面描述我们的技术以及它们如何让您的HVAC应用受益。TE Connectivity (TE) 相

信，它们是设计工程师在打造新一代HVACR系统时应该考虑的重要特性。

MicrofusedTM技术

WHITE PAPER

PAGE 3

TE PRESSURE SENSORS  /// WHITE PAPER

The Importance of Pressure Sensors in HVACR Systems

TOUGH ENVIRONMENTS REQUIRE RUGGED, ROBUST, RELIABLE SENSORS

While a range of board mount pressure sensors are used in HVAC systems for filter monitoring as well as 
pressure monitoring throughout a forced air system, the bulk of the pressure sensing is accomplished using 
heavy duty pressure sensors to monitor refrigerant pressure in compressor-based systems as well as water 
or other liquid pressures in large commercial chillers and other refrigeration systems.

The environment found in commercial and residential HVACR systems can be one of the most challenging 
industrial environments. With large temperature swings, high moisture levels and, often, electrical noise, 
the HVACR system requires sensors that are rugged enough to function continuously while providing 
accurate and repeatable readings.

MICROFUSEDTM TECHNOLOGY

TE Connectivity offers the M3200, the latest in a long line of pressure 
sensors designed and manufactured using our MicrofusedTM technology. 
Derived from demanding aerospace applications, our technology employs 
micro-machined, silicon piezoresistive strain gages fused with high 
temperature glass to a stainless-steel diaphragm. Our technology is a 
unique construction of the sensor front end made from a single piece of 
steel. The result is a hermetic fitting that is free from failure-prone welds 
and o-rings. Bottom line – it’s more reliable.

The M3200 is an industrial pressure transmitter that reaches a new price 
performance standard for demanding HVACR pressure applications. 
Available with a wide range of threaded pressure port and connector 
options, it has standard pressure ranges available from 100 to 5000psi or 
7 to 350bar. The M3200 is designed for ease of installation and reliable 
performance in harsh environments.

What follows is a technical description of our technology and key benefits 
for an HVAC application. At TE Connectivity, we believe these are important 
features for design engineers to consider when creating next-generation 
HVACR systems.



TE CONNECTIVITY 压力传感器 /// 白皮书  3

暖通空调制冷系统中压力传感器的重要性

白皮书

传感技术 — 简约、可靠

压力传感元件是每一个压力传感器的核心。M3200压力变送器采用我司的MicrofusedTM技术提

供一个简约、可靠、强健的压力传感器。该元件采用一整块不锈钢制作，不需要任何可能会与压

力介质接触的焊缝或O型密封圈，从而使其能够兼容各类液体，其中包括目前最常见的冷媒和被

建议未来使用的冷媒。由于没有任何运动部件，其使用寿命更长。该元件坚固耐久，具备极高的

过压和抗破裂性能。这些技术特点共同催生出一个简约、优雅的设计，是HVACR系统中恶劣工

业应用的理想选择。

输出选项包括数字输出
大多数工业压力传感器使用的是模拟压力信号，它们便于客户使用，常用于工业领域。M3200

压力变送器提供各种常见的模拟输出，其中包括：mV、0-5V、0-10V和4-20mA。着眼于未

来，我们还为M3200压力变送器配备了I2C数字输出。数字传感器在业界正日益盛行。由于具备

更易集成到系统中、功耗极低的优势，数字传感器是无线及物联网应用以及当今众多新型系统的

理想选择。

TE Connectivity （TE） 是全球少数几家能够为一款全面加固型工业压力传感器配备数字输出的厂商

之一。

数字输出的一大优势是：可以被微处理器直接读取，从而消除了数模转换器的额外成本和复杂

性。此外，数字输出拥有完整的分辨率和精度，不存在转换电路所造成的信号衰减或精度损失问

题。欲了解更多信息，敬请参阅我们的产品手册。
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SENSING TECHNOLOGY — SIMPLE AND RELIABLE

At the heart of every pressure transmitter is a pressure sensing element. The 
M3200 uses our MicrofusedTM technology to provide a simple and reliable robust 
pressure sensor. Manufactured from a solid piece of stainless steel, the part does 
not require any welds or O-rings that could come in contact with the pressure 
media. This makes it compatible with a wide range of fluids including most 
refrigerants in use today as well as those being proposed for future use. With no 
moving parts, the cycle life is essentially infinite. The element is robust and offers 
high over-pressure and burst resistant capability. These technology features result 
in a simple, elegant design that is ideal for harsh industrial applications used in 
HVACR systems. 

OUTPUT OPTIONS INCLUDE DIGITAL

Most industrial pressure sensors use analog output signals, which are easy for 
customers to implement and are commonly used in the industry. The M3200 is 
available with a variety of common analog outputs including mV, 0-5V, 0-10V and 
4-20mA. With an eye to the future, we also offer the M3200 with an I2C digital 
output. Digital sensors are becoming more pervasive in the industry. With benefits 
including easier integration into systems and very low power operation, they 
are ideal for wireless and IoT designs as well as many of the new development 
systems being used today. 

TE Connectivity is one of only a handful of manufacturers which offers a digital 
output in a fully ruggedized industrial pressure sensor.

The main advantage of a digital output is that it can be read directly by a 
microprocessor without the additional cost and complexity of an A-to-D 
converter. Additionally, a digital output has the full resolution and accuracy with 
no signal degradation or loss of accuracy with the additional conversion circuitry. 
For more, see our product data sheet. 

ASIC COMPENSATION — ACCURATE AND FLEXIBLE

Pressure sensing elements require correction, or compensation, so that they can 
provide an accurate reading over a wide range of pressures and temperatures. 
For the M3200, we employ an ASIC-based solution. This uses a digital circuit 
to correct the raw pressure signal at multiple points in the operating range. 
Correction coefficients are stored in onboard memory, simplifying manufacturing 
and producing a very accurate product.

ASIC补偿 — 准确、灵活
压力传感元件需要修正（或称补偿），这样才能在广泛的压力和温度范围内提供准确的读数。我们

为M3200压力变送器采用了一个基于ASIC的解决方案。该解决方案使用一个数字电路在运行范围

内的多个点上修正原始压力信号。修正系数存储在板载内存中，因此能够简化这款精准产品的制造

和生产。
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强健的设计可抵御各种干扰

HVAC环境极为恶劣，温度波动大，湿度高，冲击和振动强度大。更糟的是，如果附近的设

备正在切换强电流，则有可能导致电和EMC尖峰脉冲，从而冲击大多数传感器的精密电子元

件。M3200压力变送器则与众不同。它采用简约、优雅的设计，能够在这些恶劣的条件下生

存。它包含一个小巧、连接数量最少的电路板，因此能够抵御高强度的振动和冲击。此外，一个

单独的电路用于抵御浪涌和噪声。压力端口和本体采用一个焊接钢结构，它比软性材料能够更好

地防范意外损伤。

可灵活修改，满足未来需求
M3200压力变送器的内部设计可让我们为同一个产品线中的各种配置或标准选项提供相同的基

础传感器设计。这对于设计工程师而言是一个重要的优势，意味着您可以利用我们的平台轻松修

改或扩展您的设计，以满足未来需求，或响应客户的关切。例如，如果某个制造商需要为多种冷

媒设计一个系统，其中包含不同的压力和管道配件，他们可以选择量程为500psi、螺纹规格为

7/16-20的M3200压力变送器版本，以及量程为170bar、螺纹规格为1/
4
-19 BSPP的M3200压力

变送器版本，同时仍然使用相同或类似的固件、图纸和其它文件。

一个可伴随您的HVACR需求共同成长的解决方案
为了提供更加高效和有效的系统，HVACR行业正在不断拓展传感器技术的应用。该行业迫切需

要精度高、可重复、能够抵御恶劣的HVACR环境、同时又经济高效和易用的传感器。TE全新的

传感器解决方案M3200压力变送器将上述所有特点集成到一个灵活的设计中。您的设计工程师

可将其用于各类HVACR应用，例如，商用冷水机、制冷控制、热泵、自动饮料销售机、电子膨

胀阀、集装箱储放等。
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ROBUST DESIGN RESISTS INTERFERENCES

The HVAC environment is very harsh with temperature swings, moisture, and 
high levels of shock and vibration. Making matters worse, if nearby equipment 
is switching heavy currents, this can cause electrical and EMC spikes that can 
challenge the precision electronics of most sensors. The M3200 is different. It 
uses a simple, elegant design that enables it to survive these harsh conditions. 
It contains a small, light circuit board with minimal interconnects, enabling it to 
resist high levels of shock and vibration. Additionally, a separate circuit is used 
to provide protection against electrical surges and noise. The pressure port and 
body employ a welded steel construction that is more resistant to accidental 
damage than softer materials.

FLEXIBILITY FOR MODIFICATIONS AND FUTURE NEEDS

The M3200’s internal design allows us to provide the same basic sensor design 
for a wide range of configurations or standard options in a single product line. 
For design engineers, this is an important advantage. It means you can use 
our platform to easily modify your designs or extend them to address future 
market needs or specific customer concerns. For example, if a manufacturer 
was designing a system for multiple refrigerants with a range of pressures and 
pipe fittings, they could select one version of the M3200 with a 500psi range 
and a 7/16-20 thread and another with a 170bar pressure range and a 1/4-19 
BSPP thread and still utilize the same or similar firmware, drawings and other 
documentation

A Solution That Grows With Your HVACR Needs
The HVACR industry is continuously expanding the use of sensor technology to 
provide more efficient and effective systems. The industry is pushing for sensors 
that are highly accurate, repeatable, able to survive the harsh HVACR environment 
all while being cost effective and easy to use. The new TE Sensor Solutions 
M3200 provides all of these features in a flexible design. It can be used by your 
design engineers for a variety of HVACR applications such as commercial chillers, 
refrigeration controls, heat pumps, beverage dispensers, electronic expansion 
valves, container storage and much more.
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TE Connectivity (TE) 公司介绍
TE Connectivity（TE）是全球技术领先者，所提供的传感器和连接能力在当前不断连接化的世界发挥着重要作用。我们是

世界最大传感器公司之一。我们的传感器对于下一代数据驱动型技术具有至关重要的意义。TE的智能、高效和高性能传感

器解决方案产品组合已经得到多个行业客户的采纳，从汽车、工业和商业运输、航空和国防，到医疗解决方案和消费产品应

用。
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