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Introduction








This program is intended to predict the weight ,wing loading and centre of gravity of a model aircraft based on a description of the parts. This list of parts  may consist of:





hardware  e.g. motor , receiver





fuselage sheet, longerons formers e.t.c





wing spars , sheeting and ribs





covering








Hardware  parts are entered as a weight and position, all other parts are entered as dimensions and a density value.





Data entry is done by filling in text boxes and clicking on Add to add the item to oneof the lists. List items can be copied, edited or deleted.





Data may be saved/loaded to/from disc file as a text file .





Data may printed to the default printer.





Whenever data is added or changed the results are automatically recalculated.





System Requirements





Windows 95





Approx 7M of hard disc space. This is mainly for DLL and system files which may be installed already.





Screen resolution needs to be at least 800x600.





The font Courier New is used, if it is not present, some of the form layouts may be odd.





Installation








There is a full Windows 95 installation program, just run the setup.exe program from Explorer or My Computer/Control Panel/Add Remove Programs.





An uninstall utility will be added to the  list in Computer/Control Panel/Add Remove Programs.














The Basics








Before you start a longitudinal reference point must be chosen, and then all dimensions will be relative to this point. It is normally best to make this the leading edge of  the wing , but it can be anywhere.





As shown in the diagram below  distances are entered as positive, if in front of the reference point, and negative if behind. e.g. an engine 7 inches in front of the reference point would be  entered as    


7. whereas a servo 6 inches behind would be entered as -6. 
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The program is controlled by entering data into one of several forms which are described below.








I suggest  you regularly save your data to a disk file to avoid losing a lot of work if the program crashes.  I have found the program reliable, but no doubt other  people will do things I havn’t thought of.





Entering rubbish data may cause errors like divide by zero or overflow, these should be trapped and a dialog box will pop up telling what has happened. It is probably caused by the data you have just entered, so check it and do a replace.  
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Main Form





Title Box





Just enter some text to describe the model.





Unit Selection





You may work in:





Imperial  inches, ounces, pounds/cu.foot and ounces /sq. yard





Metric     centimeters, grams,kilograms/cu. meter, grams/sq. meter





Just click on the button you require. Note that  these buttons do not do any conversions, they just change the way that the data you have entered is interpreted.





Density Definition





For all materials which are described by dimensions a density must be entered. These can be entered individually as numbers for each part or the values defined here can be used. For instance if the box by LtBalsa is clicked the string LtBalsa is inserted into all the density entry boxes in all the forms. If items are now entered into one of the lists the density value will be entered as LtBalsa. When the calculations are done this string is replaced by the value in the text box along side the label. Thus it is simple to see the effect of changing the wood selection just by changing the values in these boxes.  





In a similar manner densities can be set for the fuselage  and wing /tailplane covering.





Results


At the bottom of the form are the results of the calculations, these will be updated as data is added or changed.





Menus





The file menu provides :





New 		..	 all data in lists is cleared





Open file 	..	 aircraft data is loaded from a file





Save file	..  	aircraft data is saved to the chosen file





Print 	..	 this gives a print out to the default printer





Exit		..	 from program, same as Exit button in bottom lefthand side





The Tools menu gives the Conversion form which gives some handy conversions from metric to imperial and vice versa. Just enter the data in one box and the equivalent value appears in the adjacent box.





In addition the bottom row of boxes calculates the densities of sheets or strips based on the dimensions and weight. So if you want to use a particular sheet of wood, this will give you density that is required when the part is entered into the program.





Data Entry Buttons


The four buttons in the top left hand side give access to the 4 data entry forms.
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 Define HardWare 








This form allows the entry of parts which have a known weight.





For each part enter the data into the 4 boxes at the top and then click Add at the bottom. The data will be copied from the data to the list box. At the same time the results will be calculated and displayed in the main form. Also the list will display for each item :





The weight of this item,





The % of the total weight





How far the CG will move if this item is moved forward 1 unit ( i.e. 1 inch or 1 cm )





If there are too many items for the list box a scroll bar will appear on the right hand side.





To copy an item, click on the item in the list and then click on the Copy button at the bottom. The data will be copied from the list to the text boxes at the top. This can be edited and then Add clicked again.





To edit an item select the item click Copy, edit data in text boxes and then click Replace.





To delete an item select and then click Delete.





The Hide Form button, removes the form from the screen, but retains the data, so clicking on Define HardWare in the main form will redisplay the data.





Note:


	Clicking on the Windows 95 X icon in the top righthand side will close the form and delete all data.
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Define Fuselage








The reference position is added to all the positions you enter in the boxes below, this enables the whole fuselage to move up and down with respect to the reference point. Initially set it to zero.





On this form there are two list boxes and they work in the same way as the one on  the Define HW form.





Sheets and Stringers





The top list is used for sheets, longerons, blocks and stringers e.t.c.





The data entry is based an a trapezoid, that is a 4 sided figure with two parallel sides
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Note:





Front and/or Back will be negative if  behind the reference.





The back  height  may also be less than the front height.





For top and bottom parts enter width as height. Whether the parts are horizontal or vertical makes no difference to the calculations








The thickness is simply the thickness of the sheet.





The density can be any value in lbs/cuft or kg/cu.meter depending on the setting on the main form. If you click on the density definition buttons the relevant string will appear here e.g. LtBalsa. and this will be interpreted as the value defined in the main form when the calculations are done.





If the part will have covering attached then click on the covering button, and the weight of the covering will be added.





Note:





The calculations assume that the part is parallel to the longitudinal axis. This OK for most fuselage parts, e.g. the sides, top. If it is at say 45 degrees, it is probably best to adjust the thickness to account for the size error. This will keep the moment and weight correct.
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The values of Front and Back are entered into the boxes as normal. The program then calculates the length of the part as Front - Back.. The actual length is :





			(Front  - Back)


			------------------


			cosine(angle)





If we enter the thickness as  actual_thickness    , the weight and moment will be calculated correctly.


			  ---------------------


			    cosine(angle)
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cosine(45 ) = 0.707  , so a 1 inch thick sheet would become 1.414 inches.


This would be entered as 3 trapezoids:





We are going to use 1/8 inch = 0.125 medium balsa


Name  		Num	Front	back	Fr Ht	BkHt	Thick	Density	    	Covered?





Front Fus   	2  	10  	 6  	2.5   	3  	0.125  	Md Balsa     	C


Mid fus		2	6	4	3	5	0.125	Md Balsa	C


Back fus		2	4	-25	5	1	0.125	Md Balsa	C





There are 2 because there are two sides to the fuselage. The C indicates that these will have covering attached. 





Note: the density strings are entered automatically by clicking the density buttons on the main form.





If you want to enter a particular density then:





Name  		Num	Front	back	Fr Ht	BkHt	Thick	Density	    	Covered?





Front Fus   	2  	10  	 6  	2.5   	3  	0.125  	4	     	C


Mid fus		2	6	4	3	5	0.125	4		C


Back fus		2	4	-25	5	1	0.125	4		C





Which is fairly light balsa.





The rear trapezoid is a slight approximation, but it will be good enough because the final result will never be that accurate because of the amount of glue used and the amount sanded off. In fact I would probably just use 2 trapezoids.








Lighting holes 





These can be entered in exactly the same way, but the thickness should be enter as a negative number, but with the same value. This works because the program works out the area of the trapezoid and then works out the weight as:





weight = area * thickness * density.





Thus the weight is negative and will get subtracted from the total weight. 





This is quite useful it  quickly shows whether it is worth while making the holes.





Formers





Formers are entered in the lower list, the method is similar to that given above. Each former is entered as rectangular as a width and height. Most formers are not perfect rectangles, but it is easy to choose values which give a close enough estimate of the  area.


�
Wing and Tail Definition





These two forms work in the same way.





The boxes at the top allow  the entry of  the position of the wing with respect to the reference point and the general shape of the  wing for the calculation of wing area and covering weight.





Definitions of values:





Reference  .. this gives the offset for all  positions entered on this form. Normally 0, it can be changed to move the whole wing





WingLen ..  this is the half span at 90 degrees to the fuselage.





RootWd  .. this is the chord of the wing at the root, always positive.





The front of the root is always 0, so is not required.





TipFr  .. this is the front of the tip and will be negative for a swept back leading edge.





TipWd .. this is the chord of the tip always positive.








Spar Defining








This list allows the entry of spars, sheet ,leading edge and trailing edge. These are all represented by rectangular cross sections pieces, which  may taper both vertically and horizontally and may be swept  forward or back.





All positions are relative to  the wing reference, normally this is 0  unless you want to move the whole wing.





Both widths are always positive as are the two thicknesses. RootFr and TipWd would normally be negative if the reference is the leading edge of the wing. 
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Rib Definition





The ribs are considered as two trapezoids, and the section is assumed to be the same shape from root to tip, but it may taper. You should be able to approximate the shape well enough with this.
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Ribs are defined individually or as a group. The inner rib or individual rib is defined with a position and height for each of front, middle and back.





If n = 1 the outer data does not need to be entered.





If n > 1 the outer front and back need to be defined, and the shape is assumed to be the same as the inner rib. The ribs between the inner and the outer are worked out by interpolation.





The heights are positive and the positions are normally negative because they are behind the reference point.





Foam Wings can be defined using lots of ribs, e.g. 1 per inch of span and then setting the thickness to the same as the rib spacing. To get the correct CG you really need to treat the foam core and veneer 


separately. If you already have the core the wings just weigh them and locate the CG by balancing on your fingers and enter them as hardware parts


Examples





2 example files are included  unowot.txt and wwrf4.txt. These can be loaded via the File/Open menu.





unowot.tx  





Describes Chis Foss’s UNO-WOT trainer. It is the 3 channel trainer version, which will be powered by an Astro 25G , initially on 12 cells and then on 16. At a later date it will get the aileron wing with flaps. Hopefully it will give you some idea how to enter the data.





The finished model came out at 82 oz with the CG spot on with the flight and receiver batteries on the CG, it also flew well!





The model has obechi veneered foam wings. The fuselage has ply sides, with light ply formers and balsa top and bottom.  





You will see that I have put some lightening holes in the wings to demonstrate the method.





 wwrf4.txt 





Describes   West Wing Founier Rf4, this is a Speed 400 motor glider. The completed model weighed 23 oz. So you can see that the estimate came out fairly close. This was just using an estimate of the wood densities.  If it is done before construction, the various sheets and strips can be weighed, and the results should be fairly precise.








Comments ,Bugs or Glowing Praise!!





If you would like to contact me, please E-mail me at mike@sayermj.demon.co.uk. 





I have written this for the fun of it and my own personal use. Anybody else is welcome to use it and I would be pleased to hear how you get on. 
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Reference Point may be anywhere





Positive








Negative





Front Ht.





Front





Back H
