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Driver's cab suspension: Mobile measuring technology detects vibrations
Suspension systems must be well tuned to each other ( Mobile measuring equipment from ContiTech Vibration Control tests industrial vehicles
Hanover, July 2009. In terms of vibration, the actual performance of industrial vehicles occasionally differs from what was calculated in the development phase. Instead of the desired vibration isolation, there is even a chance of resonance effects occurring which could intensify the vibrations. This isn't necessarily due to a design flaw.  Sometimes changes in ambient conditions, such as different ground conditions to those used on the test bench, are enough to influence the vibration performance of the vehicle. This can result in higher mechanical loads being placed on components, and higher vibrational stress on the operator.
The vehicle's suspension systems must be well tuned to each other. In normal use, the suspension should not hit the upper or lower end positions. The resulting sharp increase in the progression of the spring stiffness creates additional stress which can affect the operator's back, for example.
The law is keeping an eye on vibrations in the workplace: the EU directive on vibration 2002/44/EC became part of German law in March 2007. It defines obligatory limits for hand-arm vibrations and full-body vibrations. 

The manufacturer now has no option but to get to the root of the causes of vibrational stress and take steps to reduce it.
Mobile measuring technology from ContiTech detects problem areas
ContiTech Vibration Control offers a special service to help with root cause analysis. The vibration reduction experts offer their customers a mobile measuring service which can be used to determine vibration-relevant comfort improvements in prototypes and standard production cars. The manufacturer of vibration-control and noise-optimizing suspension components for plants, vehicle cabs, machines and engines has a mobile measuring system which can be used to analyze the vibration dynamics of plants and vehicles on-site at the customer's location. This allows measurements to be made on vehicles which are in operation. "With this system, we can investigate the vibration behavior of vehicles under real conditions, pinpoint the cause of undesired vibrations on-site and suggest measures for isolating and damping vibration," explains Jens Hoffman, branch manager for industrial vehicles at ContiTech Vibration Control. "The system is also just as good for analyzing new developments at an early stage in prototyping, thus allowing us to obtain valuable insights for further development."
Vibration tests under real conditions  
The measuring system consists of a portable measurement data recording device with WLAN capability, monoaxial and triaxial sensors for vibration measurement, microphones for noise level measurement and a laptop for analyzing the measurement data. The measurement data recording system has eight measurement channels, each with a high sampling rate. "The measuring system enables us to perform a wide range of measurements. We can analyze all kinds of vehicle noise and vibration emissions in order to determine the cause of air- and structure-borne noise and vibrations and give recommendations for neutralizing these problems," explains physics engineer Norbert Garbers of ContiTech Vibration Control. The test system is augmented by an impact hammer used to induce modal inherent vibrations from the vehicle, and a small hammer mechanism (Gösele system) for inducing structure-borne noise in the vehicle. For special cases, the system also includes geophones for recording vibration speeds. "In normal cases, the vibration is measured as acceleration. However, sometimes – in buildings, for example – standards and regulations require that the vibrations be measured as vibration speed," says Garbers. 

For on-site measurement, the measurement data recording device, microphones and sensors are positioned in the vehicle and connected to each other via cables. The measuring device and the laptop are connected to each other via a WLAN. This means that the vehicle can be tested on a test route rather than just on a test bench. Data recording can be started in two different ways – either indirectly when a measurement exceeds a predefined limit value, or directly via a switch on the measuring device. Both methods can be set using the laptop. The advantage of transferring data via WLAN is that the measurement data is transferred to the computer in real time, giving an immediate first impression of the situation. 

Thanks to the stand-alone measuring system, it is possible to test a range of real-life situations – idle, working mode or drive mode. To make sure the tests run smoothly, the specialists at ContiTech Vibration Control clarify beforehand what needs to be checked and how to conduct the test on-site. "Our testing scenario is versatile. For example, we can test the functionality of a prototype, compare the performance of various suspension systems or test whether a product optimization has been successful,” says branch manager Hoffman, who carries out these tests at the customer's location himself. 

Solutions even for complex requirements
Measurements are usually carried out on one day. They are then evaluated shortly afterwards by the ContiTech engineers. This involves a precise analysis of the actual state based on the recorded values, from which the potential for optimization is then determined. "To do this, we construct a model on the computer which is identical to the actual state of the vehicle we have tested. We can construct the model as a complex, multi-body system, which allows us to simulate entire vehicles, for example," explains Garbers. The results of the analysis are documented and then handed over to the customer for further use, together with suggestions for improvements. 

This test process enables the ContiTech engineers to provide solutions even for complex requirements. For example, one manufacturer had identified disturbing excitations in one of his vehicle types at a certain frequency. "After a complex series of tests, we were able to identify the cause as being the driven unit for a hydraulic pump on the engine," explains Garbers. To determine this, the test team attached triaxial sensors to the engine, above the engine mounting system and below and inside the cabin. "From this, we were able to determine that the cab suspension was too stiff, so we recommended that the customer use hydromounts for the cab suspension."
Increasing demand
The need for these test procedures has increased, and customer demand is high. The mobile measuring equipment from ContiTech Vibration Control is often in use: “Inquiries have increased over the last few years,” explains branch manager Jens Hoffman. A diverse range of vehicles has been tested, including excavators, wheel loaders, mobile cranes and forklift trucks. However, the equipment has also been used for measurements on stationary plants and machines.
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Tracking down vibrations: a ContiTech employee uses mobile measuring equipment to analyze the vibration performance of a harvester.
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Caption Screenshot_auswertung.jpg
Frequency analysis of the vibration measurement for the vehicle cab of a harvest laborer. The diagrams show the excitation under the cab suspension (left-hand row), the vibrations in the cab (middle row) and the vibration minimization achieved by the suspension (right-hand row). Blue indicates measurements taken in a vertical direction, red measurements taken in the direction of travel and green measurements taken perpendicular to the direction of travel.
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The sensors are connected to this measuring device and stowed in the vehicle. The measuring device then communicates with the computer via WLAN. 
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ContiTech AG, Hanover, is the world’s largest specialist for rubber and plastics technology in the non-tire rubber sector. The company develops and produces functional parts, components, and systems for the automotive industry and for other key industries. ContiTech employs around 21,000 people and posted sales of approximately €3 billion in 2008. It is a division of Continental AG. With sales of over €24 billion in 2008, the Continental corporation is one of the top automotive suppliers worldwide. As a supplier of brake systems, systems and components for the powertrain and chassis, instrumentation, infotainment solutions, vehicle electronics, tires and technical elastomers, the corporation contributes towards enhanced driving safety and protection of the global climate. Continental is also a competent partner in networked automobile communication. The corporation currently employs approximately 133,000 at nearly 190 locations in 35 countries.
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