                           Crr  MEASUREMENTS 

 TCoastF3  can determine both Crr (rolling resistance) and CdA (equivalent aerodynamic drag)  through a coasting method on flat ground. Both Crr and CdA are weak functions ordinarily requiring measuring equipment that are unavailable to most people. However by using a bicycle along with relatively common equipment, and a thorough measurement discipline, reasonably good results can be obtained.

Crr test must be done at low speeds to reduce the influence of CdA (8 mph (13 km) and  coasting down to 4 mph (6.5 km)(even lower speeds for an upright with high CdA).  

Speeds much below 4 mph (6.4kl/h) are hard to keep the bike in a straight line, which could affect Crr and distance. 

Use the % distribution charts on PDG.xls or Comp.xls spreadsheets to see the influence of Crr and CdA by changing speed. A suggested ratio should be above 70s% for Crr and below 20% for CdA (this ratio improves as the coast speed decreases). 

Low coasting speeds also means less road length (in the range of less than 200 feet, (60 meters). If the coast distances are long, finding a suitably flat and reasonably uniform section of road is much more challenging (see Grade).

To show the influence of CdA and Crr at low speeds we go to TcoastF3 and do a coast from 8mph to 4 mph with a fixed Crr of .006 and varying CdA, we have coast down times of 

CdA    time to 4mph

2.3  =  25.21 sec

2.4  =  25.04 

2.5  =  24.88 

2.6  =  24.72

Not a big influence in time for a change in estimated CdAs. 

If we vary Crr and hold CdA constant (2.4) then we have 

Crr     Time to 4 mph
.005 = 29.14 secs 

.006 = 25.04

.007 = 21.96

.008 = 19.55

A huge change in time, clearly detectable to a reasonable fine degree.

Being close to your actual CdA means your Crr results will be closer to actual values. To zero in on both CdA and Crr, may require a repeat series of tests. 

ON ROAD TEST 

The first step is finding a reasonably flat test section (see Grade.doc). Most roads may appear flat but as little as .1% grade can cause a 14% error. One way to reduce this error is to do the run in both directions over the exact same section of the road. And NO wind. The TcoastF3 will help solve for two variables. Grade and Crr. 

TcoastF3 is set up around the Initial speed coming into the test course, and Time over a know Distance. Time and Distance are easy to measure accurately. 

The big problem is measuring initial speed. The use of an electronic timer designed to measure accurate time over a short distance is highly recommended. But with a careful technique a calibrated bike speedometer which reads in tenths mph and several runs will do (see below).  

INITIAL SPEED MEASUREMENT, NO ELECTRONIC TIMER 

First find a suitable road and mark out a fixed distance (see Measure.doc ). Paint a line on the road (or use pylons or other such marking system) that you can see peripherally while you are also concentrating on watching the initial speed on your bike speedometer and starting a stopwatch (quite a bit to do).  The challenge here is to stabilize the speed before entering the course. You don’t need to be at a specific speed but you must know that speed as you enter the test course. Knowing the exact speed at the beginning of the course is super critical. This can be one of the largest sources of error. Most bike speedometers update speed once a second, long enough that the speed can change quite a few tenths. One way to improve this is to use 2 or 4 magnets on the wheel and divide the registered speed by the number of magnets.

 It helps to have sufficient run up distance to stabilize the speed. Pedal over this distance trying to hold a constant speed. Concentrate on even pedal strokes. Pedal up to about 15 feet or so before the test section then stop pedaling and watch the rate the numbers drop.  This will help you predict the speed as you cross the start line. Because the bike computer is up-grading every second it might read before or just after crossing the test course.  Observe the speed just before and just after crossing the start. Your actual initial speed is closer to the average of the two. As you cross the start press the stopwatch and then say the number out loud (helps in remembering).  

There will be initial speed errors but after collecting data on several runs (in both directions) run the data through the Coaster then average the Crrs which will minimize the errors. 

Practice the start. If the speed is jumping wildly then abort the run and do it again. Suggestion; limit the grade % to below 0.5% grades (more like .3 max). On the up grade the vehicle wants to loose speed immediately so trying to watch fast falling numbers and pick the correct value is difficult. As you do these tests you will become visually aware of road grades and will be able to judge what constitutes an acceptable grade. 

Another disadvantage of steeper grades is the up grade speed has to be high enough to coast the length of the test course or the course has to be undesirably short.  Remember, CdA influence rise as speeds climbs so keep the initial speed low. 

CAUTION

Again, do not average all you’re up runs then the down runs trying to reduce the number of hunt and pecks. This will give erroneous results.  The formulation only works with a up and down pair so calculate each up/down run separately (lot more work). Any combination out of several pairs can be used but do not reuse parts. This will skew the results. After you have individual results then an average can be calculated. If you see greater variations for a set of data, this most likely indicates errors in reading initial speed. Next in order would be test course time errors and last would be distance. 

But another large cause of error would be wind, so do these critical tests with no wind.  

These tests could be done early in the morning or late in the evening.   

This determination of Crr only represents a value similar to the road surface of the test course. Other surfaces will change Crr values as will tire pressure. For CdA tests where Crr needs to be known, the CdA road surface should be similar to the surface that determined Crr. 

After you become comfortable with this testing system you will understand why simply coasting down a grade in an attempt to estimate the quality of a particular tire is fraught with many variables, few of which are known.  

