BUCKET78.xls READMEFILE.DOC                    by Fred H. Rash                    31 Jan 2010                

This is a revised version that might work better on some computers. It has been tested only on Excel 2000 and Excel 2003. Excel Solver is still used unless you cannot get it to work for you. In that case, you still can optimize manually but it will be considerably slower. This spreadsheet requires activation of Macros if Solver is used.
Download Bucket78.xls and this readme file. Then look in the Excel spreadsheet under Tools in the pull-down menus for Solver. If found, you are ready to design a cup, bucket, or cylinder prop. If Excel Solver has never been installed and used on your computer, go to Tools>Add-Ins>Solver Add-In, check the box, and find the Excel or Office CD, only if necessary.

Once you get it installed and running, you should be good for this computer and various spreadsheets. If you had to install Solver, fill in the blanks in Solver (needs to be done only once for Bucket78.xls) to make it work as follows:

Set Target Cell       $F$15

Equal To:               Min

By Changing Cells  THETA, TOPY, ACTUAL_TIP_ANGL  (These are cells $F$9, $F$10, $F$11)
Subject to the Constraints:

ACTUAL_TIP_ANGL 
 <= 
$F$12 + 8

ACTUAL_TIP_ANGL 
 >= 
$F$12 - 8

BOTTOMY
>=  0

THETA
<= 32

THETA
>= 10

TOPY

>= 0

This is simpler than it looks. You are limiting or constraining Solver to start looking close to the optimum. The actual tip angle must start within 8 degrees above or below your target tip angle.

BOTTOMY and TOPY must greater than or equal to zero so Solver will not slide the blade off the form at the top or the bottom.

THETA, the angle on the form, must stay between 10 and 32 degrees.

Now click your mouse on Solve, then click on Keep Solver Solution. The two blade angle plots should become closer together and may overlap. If the two curve coincide, you have done as good as you can do in fitting this prop blade to this conical form. There is an error number to minimize.
Start with the average diameter of the form about the same as the prop radius. Some of you will mold blades on a conical form or cut foam blades out of a coffee cup.

From the older ReadMe file:

A well-known, simple, yet surprisingly effective method for making propellers for rubber models is the can or cylindrical prop.  Cylindrical or can props are made by soaking thin sheets of balsa in hot water and molding or forming the blades on a cylinder or can with the prop blade tip pointed up and 15 to 20 degrees left of vertical.  The wet blades can be dried at room temperature, dried in a conventional oven, or if the form permits, carefully dried in a microwave oven.  The dried blades are then attached to spars or to the hub using a pitch gauge.  The blade angles are usually chosen to match a helical pitch distribution as closely as possible for the entire length of the prop blade. You can modify the helical pitch distribution, if desired.
A bucket prop is molded on a bucket or tapered cylinder (or cut from a tapered cup) just as a cylindrical or can prop is molded on a cylinder or can.  While there are many published plans showing prop blades cut from foam cups or yogurt or cottage cheese cups, I have seen few articles that describe how to design these propellers.  Some references are listed in the other ReadMe file  for anyone who is interested.

Next fill in the size of your cup or bucket form in the next column of light blue cells. The average diameter and height of the cup or bucket should be about the same as the prop radius or prop blade length. For indoor duration, frequently the best form will be fat, but more sharply tapered than a typical bucket. Enter the top diameter, bottom diameter, and the slant height (the almost vertical distance measured on the surface of the cup or bucket).

The spreadsheet will calculate the blade angle of the prop at 10 points along the prop radius.  The blade angle measurement assumes that the prop blade is being attached to hub and/or spars on a horizontal work board with a temporary vertical prop shaft and the blade angle is measured between the work board and the underside of the prop blade. The prop if rotated in the intended direction would advance up and away from the work board.

The spreadsheet will also adjust the left tilt angle on the bucket (theta) and slide the prop blade up and down between the top and bottom of the bucket form to the achieve the best fit of prop blade angles.

If you can’t get Solver working, change the numbers in cells F9, F10, and F11 to minimize the error in cell F15. Watch the plot just to the right of these cells. You can optimize manually, but it requires more effort. You can find or make other conical forms, cups or buckets, if your first selection did not give a good fit. A good fit will be obvious when looking at the plot.

Solver will be very useful for other applications and you may want to work to have it active.

Fit can or cylinder props by entering identical diameters for top and bottom of the bucket.  A quick calculation shows that the prop tip always should be pointed toward the top (larger end) of the bucket; poorer prop designs result from the reverse.  While this program assumes a helical prop as target, it will also optimize the fit to a non-helical pitch distribution if the target angles are known and are stuffed into the spreadsheet.  Since this program assumes that the prop blade has the same width fore and aft of the spar, a flaring prop with more area ahead of the spar also can alter the fit of blade angles, but that calculation requires a more complex analysis than this one. 

So far as I can tell, all bucket or cone props differ slightly from helical props, but the error can be made small enough to ignore.

For HISTORY and REFERENCES Please see the older ReadMe file.
Fred Rash 01/31/2010

