                                                  GRADE 
The importance of determining the suitability of a grade for various bicycle testing cannot be under estimated.  Knowing the % grade for instance will have a large effect on determining the accuracy of your bikes Crr (coefficient rolling resistance) and CdA (coefficient of drag times frontal area) which will in turn affect the accuracy of your power calculations. 

Basically two types of grades are used. Generally flat grades and low speeds for determining Crr, and steeper grades and higher speeds for determining CdA. Flat ground can also be used to determine CdA and reduce dangerously high speeds in streamliners.   

Your biggest problem will be in finding a suitable grade for the type of test that needs to be done. 

FLAT GRADES 

There is essentially no such thing as a flat grade. Nature often builds a slope on the terrain for drainage. Humans pave over this terrain to make roads. Road engineers also like slope and crowning for drainage. Often these “flat” roads have an overall convex or a concave shape along their length. And most roads have a series of slow up and down undulations. And traffic. You will also need adequate run up distances and braking distances. 

All of this complicates the issue of determining acceptability of a road for test purposes. 

 SLOPE

Even a .1% grade (and less) can be detected and can give a 14% error if not accounted for. And there are very few instruments that can measure tiny grades. It turns out that the bicycle in combination with TcoastF3 makes a practical measuring tool. This is done by measuring coast down, then measuring the coast up, over the same section of road. TCoastF3 solves for two variables - Grade and Crr. See how in CrrMeas.doc. TCoastF1 can measure grade and CdA on steeper hills by using the combination of Terminal speed and Transient coasting. 

You may be tempted to use the bike computer distance/timer to collect the data but the results have unacceptable precision for a short course (see Measure.doc).  

For Crr measurements the speed must be low 8 mph (13 km) or less coasting down to 4 mph (6.5 km)(even less for an up-right with high CdA). Speeds too low particularly near the end of the run means it is harder to keep from wiggling and affecting Crr. 

Another advantage of low speeds means less road length. I find flat ground distances from 150 to 175 feet are ideal. If the coast distances are long, finding a suitably flat and reasonably uniform section of road is much more challenging.

Suggestion; limit the grade % to below 0.3%. By eye a .3% is detectable. A .1% is much harder.  The shape of the grade can be slightly concave or convex. An overall average slope will be detected by taking data in both directions.  For .1% grade it will be hard to detect which direction is up or down. Type in the user variables as see how they fit the coaster interpretation. Then reverse the order and see how this fit the coasters interpretation. 

Another technique is start with zero grade. 

STEEP GRADES  - SPEEDS/DISTANCES

Steep grades and high speeds are needed to measure CdA and reduce the influence of Crr. Speeds above 25 mph (49km) for unfaired, and above 45 mph (73km) for streamliners are good speeds. 

Higher speeds require considerable distances (see Distance Required Charts in TcoastF1).  This makes finding a suitable road extremely difficult. Plus you will need adequate run up distance, a long enough uniform % grade, and safe braking distance. Many will ask why not use a lesser grade for measuring terminal speed which would reduce excessive speeds.  I have found many 5 and 6% grades in my area (many are not uniform enough though). A lesser grade say of 3% will take much more distance but mainly these grades seem to be none existent in my area. So you use what you have. 

A uniform section of grade around .2 mile (.48km) on a 6% grade would be about the minimum acceptable for an unfaired vehicle for terminal speed measurements provided that the speed entering the course (Vinitial) is close to terminal speed. You might need as much as .3 mile for a run up. Example; CdA 2.7,  grade 4%, Terminal speed 30 mph (48 km), Initial speed (coming on to test course) 28 mph (48km). Because you’re not at terminal speed at the start of the course it will require .35 miles (563m) to get to terminal speed.  Use the Distance Required Chart in TCoastF1 to explore these effects and choose the variables to get the best use of the grade you have. 

For a streamliner the distances are so much greater that finding a long enough and uniform enough grade is very very difficult. Again plug in a typical CdA and Crr numbers along with Vinitial speeds and use the Distance Required Chart to maximize conditions for the grade you have. If terminal speed is not possible for either unfaired or streamliner then other techniques are listed in CdAmeas.doc
For steep grades one can start by looking at a maps that have elevation lines. Look for elevation lines that are evenly spaced indicating a uniform grade.  Then go to the road and survey the actual conditions (or go to the road first then the maps). Look at your map and estimate the altitude over the test section. Divide the altitude by the distance to get an approximate % grade. For transient tests mark start and finish distances over the most uniform section.

Four lane center divided highways generally have more uniform grades (and wider shoulders). The problem here is passing traffic will create data errors. 

Try to get an accurate value for % grades because this will affect your results.  The more accurate you set up the test the more accurate your results will be. As an example, if you think the grade is 6.0% yet it is in reality 6.5% then the CdA value you would see on the spreadsheet is about 8% worse that it actually is. Remember this is in addition to the other accumulating errors that are the reality of data taking. 

And no wind. Wind is difficult to measure and will scatter the data. After an initial CdA and Crr have been determined the tests could be rerun again to fine tune these values.  

