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Company Name:

Check No.      Date:   To:                                                         Amount:        Balance:

Project X-51 Balance Sheet
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Rocket Measurements
for Scale Drawing Project No.

Date:                      , 20
Company Name:

Use metric measurements to measure and record the data in the blanks below.
Be sure to accurately measure all objects that are constant (such as bottles) and those you will 
control (like the size and design of fins).  If additional data lines are needed, use the back of this 
sheet.  Mark “NA” in columns that don’t apply to the object being measured.  For example, diameter 
and circumference do not apply to fin measurement.

    Object        Length          Width        Diameter        Circumference

Using graph paper, draw side, top, and bottom views of your rocket to scale (1 square = 2cm), 
based on the measurements recorded above.  Attach your drawings to this paper.  If you make 
changes during construction, your scale drawing and measurement sheet should reflect them.
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Rocket Stability Determination
(Swing Test)

A rocket that fl ies straight through the air is said
to be stable.  A rocket that veers off course 
or tumbles is said to be unstable.  Whether a 
rocket is stable or unstable depends upon its 
design.  
 All rockets have two “centers.”  The fi rst 
is the center of mass.  This is a point about 
which the rocket balances. The picture to the 
right shows a rocket suspended from a string.  
The rocket is hanging horizontal.  That means 
that it is balanced.  The string is positioned 
exactly beneath the rocket’s center of mass.  
(This rocket looks like it should really hang with 
its tail section downward.  What you can’t see 
in the picture is a mass of clay placed in the 
rocket’s nose cone.  This gives the left side as 
much mass as the right side.  Hence, the rocket
balances.)
 The center of mass is important to a 
rocket.  If the rocket is unstable, it will tumble 
around the center of mass in fl ight the way a 
stick tumbles when you toss it.  
 The other “center” of a rocket is the 
center of pressure.  This is a point in the shape 
of the rocket where half of the surface area of 
the rocket is on one side and half on the other.  
The center of pressure is different from the 
center of mass in that its position is not affected
by what is inside the rocket.  It is only based on 
the rocket’s shape.
 Air strikes the surface of the rocket as 
the rocket moves.  You know what this is like.  
If you stick your arm outside a car window 
when it is moving, you feel pressure from the 
air striking your arm.  The center of pressure of 
a rocket is the middle point.  Half of the total 
pressure on the rocket is on one side of the 
point and half on the other.
 Depending upon the design of the 
rocket, the center of mass and the center of 
pressure can be in different places.  When 
the center of mass is in front of the center of 
pressure (towards the nose end), the rocket is 
stable.  When the center of pressure is towards 
the front, the rocket is unstable.  

When designing a stable rocket, the center 
of mass must be to the front and the center 
of pressure must be to the rear.  

 A simple way to accomplish stability is 
to place fi ns at the rear of the rocket and place 
extra mass in the nose.  Look at the rockets 
below.  One of them is stable and the others are 
not.  The center of mass is shown with a back 
dot.  The center of pressure is shown with a red 
dot.  Which rocket will fl y on course?

AAA
B

C

Rocket B is the most stable rocket.  Rocket 
C will defi nitely tumble in fl ight.  Rocket A will 
probably fl y on a crooked path.  Any cross 
winds encountered by the rocket as it climbs 
will cause it to go off course. 
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How to Determine Your Rocket’s Stability
1. Draw a scale diagram of your rocket on the 

graph paper.  Make it exactly to the shape of 
your rocket as seen from the side.  

2. Tie a string loop snugly around your rocket 
so that you have one long end to hold.   
Except for the water needed for launch, your 
rocket should be set up exactly as it will be 
during launch.

2. Slide the loop until the rocket hangs 
horizontally.   When it hangs horizontally, the 
string is at the rocket’s center of mass.  Mark 
that spot in the middle of your rocket on the 
scale diagram.  Use a black dot.

3. Cut out a silhouette of your rocket from a 
piece of cardboard.  Make it exactly the 
same shape and size of your rocket as seen 
from the side.

4. Balance the silhouette on the edge of a 
ruler.  The center of pressure of your rocket 
is where the ruler is located.  Mark that spot 
in the middle of your rocket on the scale 
diagram.  Use a red dot.

5. If the center of pressure is before (towards 
the rocket’s nose) the center of mass, add 
some additional clay to the rocket OR 
increase the size of the fins.  Repeat the tests 
until the center of mass is in front.

6. Verify your design results by conducting a 
swing test.  Balance the rocket again with the 
string.  Use a couple of pieces of masking 
tape to hold the string loop in position.

7. Stand in a clear area and slowly start the 
rocket swinging in a circle.  If the rocket 
is really stable, it will swing with its nose 
forward and the tail to the back. 

Center of 
Pressure

Center of Mass

Center of Pressure

Scale Diagram

Swing Test

Center of 
Pressure

Center of Mass

Center of Pressure

Scale Diagram

In flight, the rocket will try to tumble around 
its center of mass.  If the center of pressure 
is properly placed, the rocket will fly straight 
instead.  More air pressure will be exerted on 
the lower end of the rocket than the upper end.  
This keeps the lower end down and the nose 
pointed up!



135

Project X-51

Pre-Launch Analysis
Company Name:       Project No.

Project Manager:

Design and Launch Director:

Budget Director:

Rocket Specifications
Total Mass:                 g   Number of Fins:

Total Length:                    cm  Length of Nose Cone:                  cm

Width (widest part):                  cm Volume of Rocket Fuel (H20)
       to be used on launch day:                   ml
Circumference:                 cm

Rocket Stability
Center of Mass (CM)    Center of Pressure (CP)

Distance from Nose:                 cm      cm 

Distance from Tail:                   cm      cm

Distance of CM from CP:                   cm

Did your rocket pass the String Test?
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Flight Day Log
       Date:                       , 20
       
Project No.       Time:

Company Name:

Launch Director:

Weather Conditions:

 Wind Speed:                        mph Wind Direction:

 Air Temperature:  oC

Launch Location:

Launch Angle (degrees):              Launch Direction:

Fuel (Water) Volume:                   ml      Pressure:                 psi

Altitude Reached:                       m

Evaluate your rocket’s performance:

Recommendations for future flights:
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Project X-51 Score Sheet

Total Score:      Project No.

        Date:                         , 20

Company Name

Part 1: Documentation = 50% of project grade

 Neatness    Completeness

 Accuracy    Order

 On Time      Score:

Part II: Silhouette = 25% of project grade

 Neatness    Completeness

 Accuracy    Proper balance

 Correct use of labels    Score:

Part III: Launch Results = 25% of project grade (teams complete this section)

 a. Rocket Altitude    Rank

 b. Expenditures and Penalty Fees
  (Check total from Balance Sheet)

 c. Final Balance
  (New Balance on Balance Sheet)

 d. Efficiency (Cost/meter)
  (Divide investment (b) by Rocket Altitude (a)

 e. Contract Award

 f. Profit
 (Contract Award (e) minus Expenditures (b)
        
        Score:
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Print this page on the back of the achievement award.




