Weight and Balance Graph Tool for Excel 7.0

Version 3.0

Introduction

These Excel 7.0 spreadsheets allow the user to quickly and easily perform weight and balance computations for various models of the Cessna 150, 152 and 172 airplanes. There is also a version for the Piper Arrow (180 HP version), using Cessna style graphs. The graphs produced duplicate those found in the Pilot’s Operating Handbooks (POH) for the various models (except the Arrow). The spreadsheets allow the user to enter two sets of data so that the graphical results show the moment and center of gravity (CG) for both the departure and arrival conditions. The simplicity of the data entry allows the pilot to easily play what if games to determine the effect of shifting people and baggage around in the aircraft.

The basic information for the spreadsheets was taken from the manuals for a 1976 C-150M, a 1978 C-152, and a 1977 C-172N. The information for the 180 HP version of the C-172N was taken from the STC information for a particular airplane, as was the information for the Arrow. 

These spreadsheets can be easily modified for use with specific airplanes of the types represented. The spreadsheets can also be modified for use on other types of airplanes not represented in the sample package, however, note that the method of performing the computations and displaying the results is peculiar to Cessna manufactured planes, and not the usual approach for Pipers or other manufacturer’s airplanes.

Disclaimer

The Author makes no guarantees or warranties as to the accuracy of the results, and reminds users that the pilot in command of the airplane has the full responsibility for ensuring that he or she has all of the information about the flight and that that information is as accurate as possible.

The tool is distributed as-is, and although the Author would certainly be interested in hearing proposals for improvements and enhancements, he is not in a position to provide any level of real-time support for the tool.

General Overview

Each of the spreadsheets contains five sections:

· A table containing the weights, arms and moments for the departure conditions.

· A table containing the weights, arms and moments for the arrival conditions.

· A graph showing the moment envelopes and departure and arrival moments for the aircraft.

· A graph showing the center of gravity envelopes and the departure and arrival CG locations for the aircraft.

· A table which contains the numerical definition of the moment and CG envelopes for the aircraft.

The data tables already contain the appropriate arm information for the aircraft (derived from the POH loading graphs) and the formulas to compute the moments, which means that the user need only enter the weights for:

· The empty aircraft

· Front Seat Pilot/Passengers

· Rear Seat Passengers (Not applicable on C-150 and C-152)

· Baggage in Area 1

· Baggage in Area 2

The user must also enter the empty moment of the aircraft.

The fuel load at departure and arrival is entered as gallons (usable) and the weight of the fuel is computed using 6 pounds per gallon.

The Arrow also includes a similar entry for oil at departure and arrival. The oil weight is computed at 7.5 pounds/gallon.

Installation and Startup

Installation is easy. Just copy all the files on the floppy disk (or download the files) to a directory of your choice on your hard drive, or you can run from the floppy (slowly). Use of the tool requires the user to have Microsoft Excel version 7.0 (or newer). The tool won’t work with older versions of Excel.

The spreadsheets are ready to run as-is, but it is recommended that backup copies be made before using them, should you inadvertently erase an entry in one of the cells containing a formula, or decide to play with the graph formats (which took the Author forever to get right).

To run one of the spreadsheets, simply double click on its file icon in the file manager (or Explorer on Windows 95), or start Excel then open the appropriate file.

Using the Tool

Which Model To Use

The samples included in the package represent a number of variations on the basic aircraft models, particularly, the C-172s. To run a problem, the user should choose the most appropriate variation, and modify the spreadsheet (as described in subsequent sections) to match the characteristics of the particular airplane.

Data Entry

Each spreadsheet includes two tables that are similar to that shown in Figure 1, which is the Departure Condition Table for a C-172. The tables for the C-150 and C-152 are identical, with the exception that they do not include a line for Rear Passengers.
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Loads

Weight

Arm

Moment

(Pounds)

(Inches)

/1000

Empty Aircraft:

1454.0  

39.6  

57.6  

Front Passengers:

340.0  

37.0  

12.6  

Rear Passengers:

170.0  

73.0  

12.4  

Baggage (Area 1):

96.0  

95.0  

9.1  

Baggage (Area 2):

123.0  

Fuel (Gal):

40.0  

240.0  

47.9  

11.5  

Totals:

2300.0  

44.9  

103.2  

CG = Total Moment / Total Weight:

44.9  


Figure 1 - Sample Departure Conditions Table for a C-172
The user should never change anything in the gray-shaded cells, unless the intent is to modify the spreadsheet for a different airplane. The information in the gray-shaded cells is data taken (or derived) from the appropriate POH, the weight and balance information for the specific airplane, or things that are computed from the user entered data. Instructions on how to modify the spreadsheets for different airplanes will be discussed in later sections. For now, we will address the procedures for entering information for a specific flight in a spreadsheet that is already set up for the airplane to be used.

The cells in which users are expected to insert data are shaded in yellow.

Entering Departure Conditions

Most user input is done in the Departure Conditions Table. In the Weight column, the user should enter:

· The empty weight of the airplane.

· The total combined weight of the pilot and any other front seat passenger in the Front Passengers row. (Note you can put a formula like “=185+110” in here rather than trying to add up the weights of 2 passengers manually).

· The total combined weight of any rear seat passengers in the Rear Passengers row (C-172 only). (Note, again, you can put a formula like “=90+110” in here rather than trying to add up the weights of 2 passengers manually)

· The total weight of any baggage stored in the forward baggage area (as defined by the appropriate POH) on the Baggage Area 1 line.

· The total weight of any baggage stored in the rear baggage area (as defined by the appropriate POH) on the Baggage Area 2 line.

The number of gallons of usable fuel on board at departure should be entered in the cell to the right of the Fuel (Gal) label in the Departure Conditions Table.

On the Arrow graph, enter the amount of oil (in quarts) in the appropriate cell.

Enter the empty aircraft moment in the appropriate cell.

Entering Arrival Conditions

Figure 2 shows an example of the Arrival Conditions Table for the C-172. It is identical to the Departure Conditions Table shown in Figure 1, except that the Weight cells are all gray-shaded (indicating that the user should not enter data there).
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Loads

Weight

Arm

Moment

(Pounds)

(Inches)

/1000

Empty Aircraft:

1454.0  

39.6  

57.6  

Front Passengers:

340.0  

37.0  

12.6  

Rear Passengers:

170.0  

73.0  

12.4  

Baggage (Area 1):

96.0  

95.0  

9.1  

Baggage (Area 2):

123.0  

Fuel (Gal):

5.0  

30.0  

47.9  

1.4  

Totals:

2090.0  

44.6  

93.1  

CG = Total Moment / Total Weight:

44.6  


Figure 2 - Sample Arrival Conditions Table for a C-172
Normally, the only thing that will change between arrival and departure is the amount of fuel on board (and maybe oil on the Arrow), thus, the only yellow-shaded cell on the arrival conditions table is that for Fuel (Gal), in which, the user should enter the number of gallons of usable fuel expected to be on board upon arrival at the destination.

If, in fact, the amount of baggage stored in the plane or the arrangement of the baggage is expected to change during the flight, or if the passenger weights are going to change (perhaps the passengers are skydivers and won’t be on board at arrival), then the entries in the Weight column of the arrival table can be altered. Note, however, that if this is to be done, the user should be working on a copy of the spreadsheet, since making entries in the Weight column will erase the automatic references to the original weights in the Departure Conditions Table.

Once all of the basic data is entered, the user should press the F9 key to initiate the computation, if automatic computation has been disabled for speed. Pressing F9 to initiate the computations causes the moment values to be displayed in each table along with the total weight, arm and moment and the location of the center of gravity. The moment and center of gravity values will also be plotted on the appropriate graphs as described below. If auto-computation is enabled, the formulas will be computed as data is entered.

Loaded Moment Graph

When the data has been entered and the results computed, the Loaded Moment Graph should show the resulting aircraft moments for arrival and departure conditions as shown in Figure 3:




Figure 3 - Sample Moment Graph for a C-172
The moment envelopes are depicted (on the screen or a color capable printer) as blue outlines, and the departure and arrival moments as red dots connected by a thin black line. The inner (smaller) envelope represents the utility category, which is only applicable to the C-172 (i.e., there is no inner envelope on the C-150, C-152 or Arrow graphs). Assuming the total departure weight is greater than the arrival weight, the uppermost dot represents the departure moment and the lower dot, the arrival moment. If both are within the moment envelope for the appropriate category, the aircraft is within limits for that category provided the other conditions required by the POH are met. Note that in the example shown, it would appear that upon arrival at the destination the airplane is legal in the utility category, but such is not the case, due to the fact that baggage is being carried in Area 1.

Center of Gravity Location Graph

When the data has been entered and the results computed, the Center of Gravity Location should show the resulting aircraft centers of gravity for arrival and departure conditions as shown in Figure 4:

The center of gravity envelopes are depicted as blue outlines, and the departure and arrival centers of gravity as red dots connected by a thin black line. The inner (smaller) envelope represents the utility category, which is only applicable to the C-172 (i.e., there is no inner envelope on the C-150, C-152 or Arrow graphs). Assuming the total departure weight is greater than the arrival weight, the uppermost dot represents the departure CG and the lower dot, the arrival CG. If both are within the envelope for the appropriate category, the aircraft is within limits for that category provided the other conditions required by the POH are met. Note that in the example shown, it would appear that upon arrival at the destination the airplane is legal in the utility category, but such is not the case, due to the fact that baggage is being carried in Area 1.




Figure 4 - Sample Center of Gravity Graph for a C-172
The Weight and Balance Envelope Tables

The Weight and Balance Envelope Tables (located to the right of the data entry tables) contain the numerical descriptions of the normal and utility moment and CG envelopes as defined in the POH. The user should never change the values in this table unless the intent is to modify the spreadsheet for use for a different airplane.
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52.50  

1,500  

35.00  

1,500  

68.00  
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35.00  

1,950  
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38.50  

2,300  

108.50  
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1,500  

47.30  

1,500  

Weight and Balance Envelope (Utility)

Moment Env

CG Envelope

Moment

Weight

CG Locn

Weight

53  

1,500  

35.00  

1,500  

68  

1,950  

35.00  

1,950  
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2,000  
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2,000  
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2,000  

61  

1,500  
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Figure 5 - Sample Weight and Balance Envelope Tables for a C-172

The information in the Weight and Balance Envelope Tables (shown in Figure 5) should only be changed when modifying the spreadsheet for a different airplane. The numbers in each of these tables define the X (Moment or CG) and Y (Weight) coordinates of the vertices of the envelopes. Note that the definition of the Utility Category Envelopes only exists for the C-172.

Note also, that these tables are not printed when a printed output of the spreadsheet is requested. They may be included in the printed output by changing the definition of the print area for the sheet, which can be done using the Print Area | Set Print Area option in the File menu.

Modifying the Spreadsheets

As previously mentioned, the spread sheets may be modified to represent the parameters for any number of airplanes (Cessna or not). The extent of the changes necessary depends on how closely the new airplane matches an existing one.

Changes for Airplane of Same Model

The simplest set of changes are those needed to define a new airplane of the same model as one for which a spreadsheet already exists. The user has to be real careful here, as the characteristics of a particular model airplane can change from year to year, or approved modifications can be made to an airplane which cause significant differences in the moment and CG envelopes for the plane. Another thing to consider is whether the airplane has standard fuel tanks or extended range tanks. In the case of the C-172, the Fuel Arm seems to be the same for either, however, the Fuel Arm is different on a C-150 (1976 M model, anyway) for the two different configurations. The discussion here addresses situations where the new plane’s moment and CG envelopes are identical to those of a plane for which a spreadsheet already exists.

If both the new plane and old plane are essentially identical, there are only a few things that have to be changed to modify the spreadsheet for the new plane:

1. Copy the old spreadsheet file to a new file whose name matches the registration number of the plane.

2. Change the entry in the Aircraft Ident cell in the upper left hand corner of the spreadsheet.

3. Choose File | Page Setup from the menu, and select the  Header/Footer tab in the box which is displayed. From there, choose the Custom Footer button, and change the registration number in the left hand footer section (so that the right number shows up on printed copies).

4. Using the weight and balance information for the specific airplane, enter the plane’s empty weight in the Empty Aircraft - Weight cell on the Departure Conditions Table, and its empty moment (divided by 1000) in the Empty Aircraft - Moment cell (the empty arm is computed and should equal the empty CG documented for the particular plane) on the Departure Conditions Table.

Changes for Airplane of Similar Model

By similar, we mean such things as the differences between a C-172N and a C-172M, or perhaps the differences between a 1976 C-172N and a 1978 C-172N. The changes between different models of the same basic type or differences from year to year in the same model could include differences in the maximum gross weight or shifts in the legal moment or CG ranges. Differences in the arms between such things as standard tanks and extended range tanks might also have to be accounted for. 

The updates necessary to modify one of the spreadsheets for an airplane that is similar to an existing one can be a bit tricky, particularly when it comes to modifying the envelope definitions or the layout of the graphs. It is assumed that the user attempting such modifications is familiar with the use of Excel graphs and some of their idiosyncrasies. Other changes for similar aircraft are a bit easier.

Moment Arm Differences

The 1976 C-150M POH (for one) indicates that a different moment arm must be used to compute the fuel moment for planes equipped with the extend range tanks than for those equipped with the standard tanks. Differences in the moment arms might exist from model year to model year or model to model for other items as well. These should all be checked against the POH and the weight and balance information for the specific plane and the spreadsheet updated if necessary.

The Cessna manuals provide two ways to determine the arm for passengers and baggage; these can be determined from the Loading Arrangements diagram in the Weight and Balance section (6) of the manual or from the Loading Graph, also in the Weight and Balance section. The appropriate arm to use in computing the fuel moment, however can only be determined from the Loading Graph.

The Loading Arrangements diagram is simple to use. It shows the arms for average seat positions and for the center of the two baggage areas. It also gives the ranges for the different items, which can be useful in certain situations. For example, if the pilot likes to fly with the seat full forward or aft, then it might be useful to check the overall weight and balance with the real arm as opposed to using the average. Except for fuel loads, the spreadsheets use the average arms given on the Loading  Arrangement diagrams for the plane.

To determine the arm using the Loading Graph, a little math is required. The Cessna Loading Graphs provide a direct conversion from the weight of an item (pilot, passenger, baggage or fuel) to the moment (divided by 1000). The slope of the appropriate line on the graph is the arm. The arm for something can be found from the formula:

Arm = (Moment * 1000) / Weight

where Moment * 1000 and Weight are read on the axes based on any point along one of the lines. Once the appropriate arm is determined, it can be entered in the proper cell on the spreadsheet.

Changing the Envelopes

Another possible variation in the basic aircraft type from year to year or model to model may be a difference in maximum gross weight or other variations in the moment and CG envelopes. These changes require a pretty good knowledge of how to deal with editing the graphs, but it’s not too difficult.

The first step is to determine the new coordinates for the vertices of the envelopes. Figure 5 shows the vertices for the standard C-172N envelopes. Once the new values are determined by looking at the corresponding graph in the POH for the particular plane of interest, they can be entered into the envelope tables. Pressing F9 will cause everything to be re-computed and the new envelopes to be displayed.

The more difficult part of the change is that it may require adjustment of the vertical and/or horizontal scales on the graphs. To change these, first double click on the graph to be changed. The desired graph will then be selected and outlined with a heavy border. Next double click on the axis to be changed, which should cause the Format Axis dialog box to appear. Select the Scale tab and change the appropriate settings. Generally, you should only need to change the Maximum entry. If you change the Minimum value, then you will also need to change the Value (X or Y) Axis crosses At entry to match the new setting for Minimum. Once the changes are made on one graph, repeat the procedure for the other.

Note that in the case of the C-172, changes may have to be made for both the Normal and Utility category envelopes.

Other Possible Changes

There are a few other changes which one could make to personalize the tool. Anyone with a good working knowledge of the Excel program should be able to do just about anything they want.

One change which the Author has been thinking about is to modify the graphical displays of moment and CG to show the possibilities caused by having the front seats full forward or full aft. This would result in the moment and CG values to be displayed as a trapezoid instead of as a pair of points. If the entire trapezoid is within the appropriate envelope, the plane would be safe.

A similar (but simpler) modification might be in order for a pilot who does fly with the seat far forward or aft would be to add a separate line in the Departure and Arrival Condition Tables for the pilot. This requires copying the Front Passenger Line from both tables and pasting it in as a new line. New names will have to be defined for the new entries and the computations will need to be updated with the new names, but this is a pretty simple task for someone with Excel experience.

Conclusion

One final word of caution, things change! Double check the information on the spreadsheets against the weight and balance information for the specific plane often; particularly anytime the plane has been in for any kind of maintenance, since things may have been done that change the empty conditions for the plane.
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_982315228.xls
Sheet1

		Weight and Balance at Departure

		Loads						Weight		Arm		Moment

								(Pounds)		(Inches)		/1000

						Empty Aircraft:		1454.0		39.6		57.6

						Front Passengers:		340.0		37.0		12.6

						Rear Passengers:		170.0		73.0		12.4

						Baggage (Area 1):		96.0		95.0		9.1

						Baggage (Area 2):				123.0		0.0

				Fuel (Gal):		40.0		240.0		47.9		11.5

						Totals:		2300.0		44.9		103.2

										CG = Total Moment / Total Weight:		44.9
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Sheet1

		Weight and Balance at Arrival

		Loads						Weight		Arm		Moment

								(Pounds)		(Inches)		/1000

						Empty Aircraft:		1454.0		39.6		57.6

						Front Passengers:		340.0		37.0		12.6

						Rear Passengers:		170.0		73.0		12.4

						Baggage (Area 1):		96.0		95.0		9.1

						Baggage (Area 2):				123.0		0.0

				Fuel (Gal):		5.0		30.0		47.9		1.4

						Totals:		2090.0		44.6		93.1

										CG = Total Moment / Total Weight:		44.6
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Sheet1

		Weight and Balance Envelope (Normal)

		Moment Env						CG Envelope

		Moment		Weight				CG Locn		Weight

		52.50		1,500				35.00		1,500

		68.00		1,950				35.00		1,950

		88.50		2,300				38.50		2,300

		108.50		2,300				47.30		2,300

		70.50		1,500				47.30		1,500

		Weight and Balance Envelope (Utility)

		Moment Env						CG Envelope

		Moment		Weight				CG Locn		Weight

		53		1,500				35.00		1,500

		68		1,950				35.00		1,950

		71		2,000				35.50		2,000

		81		2,000				40.50		2,000

		61		1,500				40.50		1,500
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Sheet: C-172 Weight & Balance

Basic Information

Aircraft Ident:

N738UW

Departure Date:

Departure Time:

C-172N Weight and Balance at Departure

C-172N Weight and Balance at Arrival

C-172N Weight and Balance Envelope (Normal)

Loads

Weight

Arm

Moment

Loads

Weight

Arm

Moment

Moment Env

CG Envelope

(Pounds)

(Inches)

/1000

(Pounds)

(Inches)

/1000

Moment

Weight

CG Locn

Weight

Empty Aircraft:

1489.0

58.511

Empty Aircraft:

1489.0

0.0

57.6

Front Passengers:

12.58

Front Passengers:

340.0

37.0

12.58

Rear Passengers:

0.0

Rear Passengers:

0.0

73.0

0.0

Baggage (Area 1):

2.375

Baggage (Area 1):

25.0

95.0

2.375

Baggage (Area 2):

123.0

0.0

Baggage (Area 2):

0.0

123.0

0.0

Fuel (Gal):

40.0

240.0

47.92

11.500800000000002

Fuel (Gal):

10.0

60.0

47.92

2.8752000000000004

Totals:

2094.0

375.92

84.9668

Totals:

1914.0

375.92

75.43020000000001

CG = Total Moment / Total Weight:

40.576313276026745

CG = Total Moment / Total Weight:

39.40971786833856

C-172N Weight and Balance Envelope (Utility)

Moment Env

CG Envelope

Moment

Weight

CG Locn

Weight
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Sheet: C-172 Weight & Balance

Basic Information

Aircraft Ident:

N738UW

Departure Date:

Departure Time:

C-172N Weight and Balance at Departure

C-172N Weight and Balance at Arrival

C-172N Weight and Balance Envelope (Normal)

Loads

Weight

Arm

Moment

Loads

Weight

Arm

Moment

Moment Env

CG Envelope

(Pounds)

(Inches)

/1000

(Pounds)

(Inches)

/1000

Moment

Weight

CG Locn

Weight

Empty Aircraft:

1489.0

58.511

Empty Aircraft:

1489.0

0.0

57.6

Front Passengers:

12.58

Front Passengers:

340.0

37.0

12.58

Rear Passengers:

0.0

Rear Passengers:

0.0

73.0

0.0

Baggage (Area 1):

2.375

Baggage (Area 1):

25.0

95.0

2.375

Baggage (Area 2):

123.0

0.0

Baggage (Area 2):

0.0

123.0

0.0

Fuel (Gal):

40.0

240.0

47.92

11.500800000000002

Fuel (Gal):

10.0

60.0

47.92

2.8752000000000004

Totals:

2094.0

375.92

84.9668

Totals:

1914.0

375.92

75.43020000000001

CG = Total Moment / Total Weight:

40.576313276026745

CG = Total Moment / Total Weight:

39.40971786833856

C-172N Weight and Balance Envelope (Utility)

Moment Env

CG Envelope

Moment

Weight

CG Locn

Weight


