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Mechatronics for elevator installers and drive technicians, part 15

Dipl. Ing. Götz Benczek (Emotron Lift Center GmbH)

Analysis of travel curves using accelerometers ("VE2" curves) and/or rotation speed transducers and torque registration ("IWK" curves).

Today’s more stringent requirements in elevator engineering and the growing use of complicated drive concepts (such as those based on asynchronous or synchronous gearless technology or new, ultra high efficiency gearing technology) require carefully matched mechanical components and precise electronic regulation. In the early days of elevator engineering the travel curve was fine-tuned with skilled selection of the motor and of the masses in motion.
The heaviest possible car and the appropriate vibration reduction pads and springs contributed to travel comfort. Modern elevator systems often have hardly any masses at suitable points, masses whose inertias would damp irregularities in travel, even though in certain cases this would have a positive influence on regulation and control properties. It is a known fact that insufficient inertia at the motor and/or the rotation transducer will have a negative effect on the variable P components; insufficient inertia at the car causes irregular, jerky travel (it is exactly this effect, which makes closing a door on a compact car sound “cheap” and “tinny” while closing a luxury class car door gives a more pleasant sound). This fact and the combination of high travel velocities with very high payloads, at the lowest possible noise level and perfect travel comfort, makes it necessary for the engineer to be highly aware of problems encountered in regulation technology. Two procedures with greatly simplify elevator commissioning have become established. These two procedures complement each other in an ideal fashion and can be used to eliminate the most frequent reasons for poor travel properties (or noise).

The first aid is the “IWK” curve. This curve is normally derived from the momentary values provided by the motor transducer and from the motor current (here only the share responsible for torque) and it is displayed graphically in real time using a terminal program (e.g. the “EmoSoftLift” tool). The second aid is the “VE2” curve. It is normally measured right in the car. Three accelerometers and a good microphone are used for this purpose. The real travel curves for the elevator car can be depicted using the acceleration values for the three axes – X, Y and Z – and the decibel values derived from the acoustic measurement. Here again there is a very high performance tool (PMT – EVA Vibration Analysis Tool), which also supplies curves that are recognized around the world (e.g. “6-milli(g) value” as per ISO).


In this section, using IWK and VE2 curves generated in practice, you are to learn to recognize typical problems and to rectify errors, which might have been made. In the following examples we are assuming that you will be able to use at least one of the tools mentioned above or similar tools made by other manufacturers.
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Figure 46 shows an “exemplary” IWK chart for a modern elevator using a hypoid drive. The actual rotation speed values and torque development show smooth and uniform curves. This is also the situation found in practice in most cases so that car travel quality is similarly good. In some cases optimal curves may be found at the motor but the response at the car may nonetheless be entirely different. It is true in any case, however, that if the IWK curves are “bad”, then the measurement at the car cannot provide results, which are any better. What actually happens in the car can be read from the VE2 charts:
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Figure 47 shows a typical depiction of acceleration values at the X, Y und Z axes and the velocity for the car, which is calculated from those values. Here again our curves are exemplary.
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Figure 48 shows, in addition to the velocity, acceleration, jerk and noise.

As a comparison with a geared system, let’s take a look at the charts (IWK and VE2) for a synchronous, gearless machine: 
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Figure 49 shows a trip upward (car empty).
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Figure 50 shows a trip downward (car empty). One sees here that the amount of power drawn is significantly higher.

The slight differences at approach might indicate, for example, selector floor stops, which are not quite precise. Otherwise, these curves, too, are acceptable (meaning that elevator travel quality ought to be satisfactory).
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Figure 51 now shows direct behaviour of the car in both directions of travel. Only in this depiction is it possible to see, for example, that the 60 dB mark is exceeded in the noise level when the doors are opened and that there is a slight change in acceleration in the Z axis (a small peak). This would not result in complaints, however.
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In the interest of completeness, Figure 52 shows the curve for a hydraulic elevator (procedure developed by the Bucher company). The typical slight drop in rotation speed at starting is desired here and will not cause the start-up jerk otherwise encountered since the control valve does not open until later.

We have only shown „perfect“ curves up to this point. Let’s now look at curves, which reflect problems typically found in regulation technology:
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Although the travel curve in Figure 53 would appear at first glance to be acceptable, when the curve is observed in its entirety we find an oscillation in the acceleration curve in this VE2 chart (in the IWK chart one would find these oscillations in the torque curve). The reason is resonance induced by the motor regulation circuit in conjunction with the mechanical situation represented by the car’s mass, the counterweight, ropes, compensation springs and deflection sheaves. If no mechanical cause is present (such as a sheave which is out of round), then the problem is that the setting for the “I” component is too “hard” across the entire travel path. 
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In Figure 54 the “I” component for constant-velocity travel and at approach has already been set for a “softer” value; in addition, the excessive approach speed at the end of the travel distance was reduced (the final jerk in Fig. 54 is considerably less than in Fig. 53).
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In Figure 55 the “I” component, by contrast, has not been matched correctly at the end of the trip and the braking ramp is too steep, resulting in travel at creep speed for an overly long period of time. 
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In Figure 56 the adaptive regulation for the “I” component has been set perfectly. No longer are any resonance effects present; the only remaining problem is that the selector point is not ideal. Finally, one sees when the brakes engage at the end of the Z curve. The system is driven by an asynchronous gearless machine fitted with large brake jaws. Brakes of this type, due to their design principles, cause some shaking, which is usually readily heard. It is for this reason that disk brakes are used exclusively in newer gearless systems with higher performance levels. Braking torque can be dimensioned quite exactly when using disk brakes such as this by varying the number of disks (up to six per sheave). Moreover, they are extremely quiet, work particularly fast and very reliable.

The following figure shows the travel curve for a gearless system with high car weight:
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One sees in Figure 57, that the “P” component in the regulation circuit can no longer drive the traction machine; the result is that the curve overshoots significantly at the run-up ramp. This is unpleasant in terms of travel comfort and can result in undesirable overspeeding. Under these circumstances the “P” component should be increased far enough as to just eliminate any hum when the motor is at operating temperature. The “I” component, which is required for travel at constant velocity, is to be just „hard“ enough to be sure to suppress the well-known eigen resonance effect. 
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In Figure 58 the “P” component was in fact set ideally but this very “stiff” system tends, during constant-velocity travel, to generate a modern eigen resonance (similar to the situation in Figure 53); thus here again the “I” component associated with constant-velocity travel should be set so as to be somewhat “softer”. Also quite noticeable in this illustration is the high Z level at the end of the trip. This high level was caused by the car doors, which ran particularly poorly in this system. 

Running noises represent another important subject. Theses noises are always evaluated first inside the car. In addition, one normally examines to determine whether the structural noise generated here might also reach rooms adjacent to the elevator hoistway. Here again the VE2 charts are a help. In normal elevator systems the gearing is not attached when the traction motor is being balanced.  In some cases deficient alignment of the machine may be the sole cause for extreme noise levels:
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In spite of a travel curve, which looks to be good, Figure 60 shows unacceptably high values for all the coordinates. Particularly noticeable here are the extraordinarily high values along both the X and Y axes.
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With a noise level of 75 dB (A), Figure 61 shows that something must be wrong with the traction machine here.
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Figure 62 shows a measurement made directly at the winch. The level occurring regularly in all quadrants shows that the problem here is an error in the alignment of the motor and the gearing. This is a heavy-duty unit developing 75 kW of power.

In this type of winch the motor and the worm gear are connected directly one to the other, without any kind of coupling. Since, however, this system has four mounting points, even the most minor alignment error will cause extreme vibration. The vibration and balancing qualities for large motors are in general poor unless particular emphasis was placed on them in the order.
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Figure 63 shows once again a travel curve with excessive acoustic pressure and a clear transgression of the “6-milli(g) limit value” along the Z axis. Here we do indeed have a planetary gearbox which was flanged in place correctly but the motor was balanced during manufacturing without either the motor’s half of the coupling or the hand wheel being mounted. 
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Figure 64 shows again the measurement made directly at the traction unit. The extremely high X value clearly results from the motor’s being out of balance; the situation is aggravated by a gearbox input shaft speed far above 1500 rpm. High speeds at the gearbox input should be avoided if at all possible. Even the best of gearboxes will unavoidably become louder at increasing speeds and when under load. 
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Figure 65 shows, by contrast, an irregularity in the hoistway. One can read the distance curve to determine exactly where, at a particular point (12th second and 45 th second), an audible bump occurs. An atypical change in acceleration also occurs in the Z curve (14th second and 43 th second). The cause was quickly found: A landing door was installed so that it protruded slightly too far into the hoistway. 
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