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White paper on sinusoidal motion in Hamburg wheel trackers
The European and AAHSTO standards for small wheel trackers are very clear on the issue of
sinusoidal motion.
EN12697-22 2020
6.3.1.5 Wheel-tracking machine, constructed so as to enable the test specimen in its cradle to be
moved backwards and forwards under the loaded wheel in a fixed horizontal plane or the loaded
wheel to be moved backwards and forwards on the fixed specimen. The centre-line of the tyre track
shall be not more than 5 mm from the theoretical centre of the specimen. The centre of the contact
area of the tyre shall describe simple harmonic motion with respect to the centre of the top surface of
the test specimen with a total distance of travel of (230 ± 10) mm and a frequency of (26,5 ± 1,0) load
cycles per 60 s for the test device.
AASHTO T 324-19
5.1. Hamburg Wheel-Tracking Device—An electrically powered machine capable of moving a 203.2
± 2.0-mm (8 ± 0.08-in.) diameter, 47 ± 0.5-mm (1.85 ± 0.02-in.) wide steel wheel over the center (x
and y axes) of the test specimen. The load on the wheel is 703 ± 4.5 N (158.0 ± 1.0 lb). The wheel
reciprocates over the specimen, with the position varying sinusoidally over time. A maximum level
of deviation from a perfectly sinusoidal wave is defined through the root-mean square error (RMSE),
which is calculated as follows:

Where
ei = deviation from a pure sinusoidal curve, and
n = number of data points.
The maximum allowable deviation from a sinusoidal wave through the entire track length is set
at an RMSE of 2.54 mm (0.1 in.) unless otherwise specified by the agency. The wheel makes 52 ± 2
passes across the specimen per minute. The maximum speed of the wheel, reached at the midpoint of
the specimen, is 0.305 ± 0.02 m/s (1 ± 0.066 ft/s).
Note 1—Follow the NCHRP Report or available devices in the market meeting the relevant
requirements as proposed in the NCHRP Report to verify the sinusoidal wave requirement of the
Hamburg wheel tracking device.
The NCHRP report can be downloaded here:
http://www.trb.org/Publications/Blurbs/173895.aspx
In the top row of table 7 on Page 35 the various wheel trackers can be viewed. Cox/Cooper is vendor
D. The APA Junior is vendor B. These are the only two machines which meet the requirements of
AASHTO T 324 19 shown above. Remember, the AASHTO limit is set at 2.54mm

It should be noted that the data above for Cooper/Cox was collected on the CRT-WTIM. Data for the
CRT-WTIM A is even better, with the RMSE for horizontal position now 0.039mm. The RMSE for rut
depth measurement, which is an AASHTO requirement, is 0.011mm on the CRT-WTIM A
The image below shows a crank arm drive mechanism. It looks as though the circular motion would
produce simple harmonic/sinusoidal motion, but the crank arm(shown in red )is the reason it does
not. In the US these machines are being changed or modified in order to meet the current AASHTO.
Some manufacturers are still claiming these machines meet the AASHTO and EN. THEY DO NOT

Crank arm machines do not produce true sinusoidal/simple harmonic motion, and therefore do not
meet the EN or AASHTO standards for wheel tracking.
Sinusoidal motion
Cooper/Cox
Matest/Pavetest *
APA Junior

Crank arm motion
Controls/IPC
Troxler
Infratest

*Uses a screwdrive mechanism, but fails to meet the 2.54mm requirement in the AASHTO Hamburg
standard

The image below shows the Controls Hamburg wheel tracker, which in the sales literature is claimed
to meet both the EN and AASHTO test standards, but it is crank arm driven, as circled this image
taken from their website. Using the calculations for RMSE error taken from the AASHTO standard
the estimated error comes to 13.93mm, which is more than 5 times greater than the AASHTO
2.54mm limit.

Why has sinusoidal motion become such an important issue?
Crank arm machines have been found to give false depth readings and also produce uneven rutting.
The graph below is taken from the NCHRP report referred to above. The huge measurement errors
are due to the use of a crank arm and false assumption the motion is sinusoidal. The LVDT was found
to be within the accuracy limits, which is why the RMSE limit has been added to the AASHTO
standard.

Scott Schram of Iowa State University looked at bias along the wheel tracking path on an crack arm
machine and found that the ruts were not symmetrical and tended to be deeper towards the back,
especially as the rut became deeper. This is because with a crank arm machine the wheel spends
more time at the back of the specimen, leading to greater rutting.

The report can be downloaded here:
https://trid.trb.org/view/1289932
When Hamburg wheel trackers are used at a single lab crank arms are not a great issue because all
results are compared with data from the same machine. In the US, and other countries, where the
Hamburg is used in specifications non sinusoidal motion becomes a big issue. A crank arm machine
will not produce data which correlates with machines which perform the test correctly. This is why
US states are rapidly replacing crank arm machines with those which meet the AASHTO 2019
standard.

