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By David Stribling

Have you ever found a neat tube laying
around and thought to yourself, “That would
make a cool rocket!” but then realize you don’t
have a nose cone that fits the tube? Or you
buy a model rocket tube on the market but then
realize the available nose cones don't fit the
design you have in mind?

If you have a lathe (or a drill), you could turn
your own nose cone from wood or foam. In the
Peak of Flight archives there is an interesting
article about building foam nose cones using
hot wire [Tool Plan - Make foam nose cones!
Peak of Flight #087 www.apogeerockets.com/
education/downloads/Newsletter87.pdf ]. | have
seen people go the simple route and build a
conical nose cone from paper...but that is really
boring! | will show you a technique to build
“ogive” nose cones from paper, and special
tools aren’t required!

| put ogive in quotes because we are going
to approximate an ogive curve with straight line

. segments, but | think you will agree the tech-

nique turns out a nice looking cone with just
three segments.

Figure 1

About this Newsletter

How to Make Paper “Ogive” Nose Cones: Pt 1

| developed this technique while building a
“V2-like” scratch model. | was thinking the V2
had been built with longitudinal strips (think Graf
Zeppelin airship), so | worked out the gore design
with CAD and built a nose cone (Figures 1 and
2).

Figure 2
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Continued from page 2

The result was pretty disappointing since |
used only four support ribs and the gores wrin-

Figure 3

kled in the areas without support, so | set the
project aside. Later, when | attended NARCON
2012 in Hutchinson, Kansas, | toured the Cos-
mosphere and saw an actual V2 was on display.
| noticed the panels ran circumferentially, rather
than longitudinally (Figure 3). | realized a ta-
pered shroud would be a closer match to the V2
construction technique than my gore technique.

| revived my project, and using CAD, de-
signed the shrouds for the nose and boattail.
! The first attempt was pretty rough, and required
. several rounds of applying filler, sanding, and
% re-applying filler. The final result turned out bet-
ter than | thought it would, (Figures 4 and 5) but |
wanted to refine the process.

Figure 4 Figure 5

Continued on page 4
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The other thing | realized was | did not take
the thickness of the shroud material and the

One of the first things | noted during con- thickness of the bottom centering ring into ac-
struction was the support ribs had been cut count when sizing the shrouds and support ribs,
with a curved profile and | was trying to fit so the shrouds did not fit properly. | am using
straight-sided conical shrouds to those ribs. 110# cardstock for the shrouds, which is about
This distorted the shrouds and formed lumps 0.005 inch (0.127 mm) thick. The support ribs
that had to be filled before painting (Figure and centering rings are Crescent board which is
6). So the next try would use ribs with straight about 0.06 inch (1.524 mm) thick. | have dialed
sides (Figure 7). those corrections into my design, and the results
are better.

As stated above, this nose cone design will
approximate a tangent ogive shape. From Wiki-
pedia [en.wikipedia.org/wiki/Nose cone_design],
the equation of the tangent ogive curve is:

B RE.. T2
P~ "9R

Where R is the base radius (1/2 base diame-
ter) and L is length of the cone

Making Paper Nose Cones: Pt 1

Continued from page 3

The height (y) for any length (x) can be calcu-
lated from this equation:

y=yJp? —(L-2P2+R-p

| modified this equation so that y at x=0 is
equal to R, and y at the nose tip (x=L) is zero: For

y=+vp?—x*+R—-p

the example of this article, | am going to make a

Continued on page 5
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ontinued from page 4

cone to fit a BT-101 body tube which is 3.938 ments, the approximated shape (red line) com-
inch diameter. For fun, this will be a scale V2 pared to the true ogive curve (black line) is shown
nose cone so the scale factor (65 in/3.938 in) in Figure 8. Using four segments produces a

will equal 1:16.506. The scale length of this closer ogive shape (Figure 9), but for simplicity,
nose is then 12.632 inch. If we use three seg- this example we will use three.
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Figure 9
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Continued from page 5

Nose Cone Taper Shrouds

Open up a spreadsheet and start entering the nose cone parameters into the cells (don’t include
the quote marks!):

. In cell A1 enter “D”. This will label the base (body tube) diameter of the nose cone.
. In cell B1 enter the diameter. For this example it is 3.938 inch.
. In cell C1 enter “R”. This will label the base radius cell.
. In cell D1 enter “=B1/2”. This is the formula to divide the base diameter by two.
. In cell A2 enter “t shell’. This will label the shroud material thickness cell.
. In cell B2 enter the material thickness. For this example, 110# cardstock is about 0.005 inch.
. In cell A3 enter “d”. This will label the base diameter minus the total material thickness cell.
. In cell B3 enter “=B1-2*B2”.
9. In cell C3 enter “r". This will label the base radius under the bottom shroud.
10.In cell D3 enter “=B3/2".
11.In cell A4 enter “L”. This will label the cell for the total length of the nose cone.
12.In cell B4 enter the length. For this example it is 12.632 inch.
13.In cell C4 enter “C”. This will label the cell for the caliber of nose, or the ratio of length to dia.
14.In cell D4 enter “=B4/B1”.
15.1n cell C5 enter “rho”. This labels the cell for the ogive radius, rho.
16.In cell D5 enter “= 1/2*(B4*2+D3%2)/D3”. This is the formula for rho.
If you followed the above, your spreadsheet should look like Figure 10.

B
3.938|R
0.005

3.828Ir
12632 C

Continued on page 7
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Continued from page 6

Now we are going to setup a table to calculate the dimensions for the taper shrouds. | set my table
up so the length (x) is a percentage of the total length of the cone so that all | need to worry about
is the number of segments, and the total length. The spreadsheet does the work of calculating the
intermediate lengths. Also once you have each shroud diameter (top and bottom) and the length, you
can calculate the dimensions to draw the pattern on flat paper, and then roll the part into the conical
shroud. There is an article in Peak of Flight that covers the math and techniques for making paper

shrouds, it is in issue #136 [ApogeeRockets.com/education/downloads/Newsletter136.pdf].
. In cell A7 enter “Shroud Dimensions”.

. In cell A8 enter “%L".
. In cell B8 enter “x”

. In cell C8 enter “y”
. In cell D8 enter “Dia”.

. In cell E8 enter “Shroud length”.
. In cell A9 enter “0”.

| In cell B9 enter “=$B$4*A9”. Note in this formula, the use of the $. This locks the cell address
SO when you copy the formula, it will always point to that cell.

| 9. In cell C9 enter “= ($D$5%2-B9"2)*(1/2)+$D$1-$D$5”. It is important to keep track of the paren-
. theses and the $ in order to calculate the correct values.

10.1In cell D9 enter “=2*C9".
11.In cells A10, A11, and A12 enter “.25”, “.5”, and “1”.

_ 12.Select cells B9, C9, and D9. Ctrl+C to copy the cells. Select cell B10 through D12 and Ctrl+V
to paste into those cells.

13.1In cell D12, over type the result with “.06” since the tip shroud will not be a true point, but have
a .06 diameter that will be filled-in later.

Continued on page 8
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Continued from page 7

14.1n cell E10 enter “=B10-B9”. This is calculation the difference between the x values for the first
(bottom) shroud.
15.Select cell E10, then copy/paste into cells E11 and E12.

If you followed the above, your spreadsheet should look like Figure 11. Due to round off errors my
‘y” at length 12.632 came out about 0.005 — | just over typed “0”, but it doesn’t really matter since you
are overriding the value with the 0.06 diameter value in cell D12.
e . e i Again, if you want
9 - 2 Jr = [(5D5542-B982)A(1/2)+5051-5055 to manua”y enter the x
A_| B DEEES D E F ' coordinates, then you
7 Shroud Dimensions y .
don’t need the values in

8 %L Di Shroud length R1 R2 theta
9| ux 0.000[__ 1.9690] ma.gss T ) cells A8 through A12, just

10 0.25 3158  1.8490 3.698 3158 48683 51.844 13.67 enter the locations direct-

11 05 6318 14888 2974 3158 13.049 18228  41.02 ,

12 1 12632 00000 006  6.316 0132 6615  80.91 ly into cells B9 through
B12. Also note | enter

13

i the formulas to calculate
Figure 11 the “flat pattern” dimen-
sions of the shrouds in

cells G10 through 112.

Thanks to RockSim, you don’t really need to lay out
the flat patterns! Just open RockSim, add a “Transition”,
then enter the two diameters and length. Set the material
to paper and the thickness to the value for your material
(same as cell B2). Add the other shrouds and you have
your cone! Use the “File”...”Print” feature to print out your
templates. Figure 12 shows this example cone in Rock-
Sim.

If you want to use more than three segments, just add
rows to the table, like the four segment example in Figure

Figure 12 13. The RockSim result is shown in Figure 14. This is
why | like using percent length for my stations, it makes

E Wt
o + < fr | -1 e 08 3058 e s . Skt mt g et B 3479 D
r o

G P00 T, OF: doblie dn_ by 1 Urwlaiin
d A B 3 o E E H I [P
T Shroud Dimensions
u ¥ Dia Shraxd lengih I R2 theta
1] 0000 1.5830] 3834
0.2 3158 1.B480 36508 3158 51844 1387
05 8316 14588 2974 3158 15228 41.02
ors B.4Td  DETED 1.752 3.158 TEX 68.33
1 12832 0.0000 0oa 3158 3385 B35

s e B

Figure 13
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Continued from page 8

the table setup easier. Note the segments don’t have to be equal length like | did, playing with differ-
ent lengths may provide interesting shapes.

Nose Cone Support Rib

As shown in Figure 7, the tapered shrouds are supported by support ribs that can be cut from
cardboard or wood. The dimensions of the ribs will be adjusted for the shroud thickness, and an ad-
justment will be made for the bottom centering ring.

1. In cell A14 enter “t disc”.

2. In cell B14 enter the thickness of the bottom centering ring or disc. In this example 0.06 inch.
. In cell A15 enter “Rib Dimensions”.
. In cell A16 enter “%L".

. In cell B16 enter “x”.
. In cell C16 enter “y”.
. In cell D16 enter “Dia”.
. In cell E16 enter “Rib length”.
9. Incells A17, A18, A19, and A20 enter “0”, “.25”, “.5”, and “1”.
10.In cell B17 enter “=$B$4*A9”.

11.In cell C17 enter “= ($D$572-B17/2)*(1/2)+$D$3-$D$5”. Note the use of “r" in cell D3 rather

than “R” for y in this set of calculations.
‘ 12.1n cell D17 enter “=2*C17".

. 13.Select cells B17, C17, and D17. Citrl+C to copy the cells. Select cell B18 through D20 and
. Ctrl+V to paste into those cells.

14.In cell C20, over type the result with “0” in case round off error produces a non-zero value.
15.In cell E18 enter “=B18-B17-B14”. This is calculates the first position less the thickness of the

| bottom disc.

16.In cell E19 enter “=B19-B18”.
17.Select cell E19, then copy/paste into cells E20.

If you followed the above, your spreadsheet should now look like Figure 15. Take the diameter
dimensions from column D and the length dimen-

sions from column E to create two rib support Minimum Diameter
pieces, one is slotted half-way from the base, the Motor Retainers! We Have:

other slotted half-way from the tip. Apogeelis yobrions ¢ Minimum Diameter
17 - |54 Te | = (50550 BT AL 505 3-51154 siop shop fOI" your | Retainers

A B & b £ F minimum diameter « Motor Extenders

14t disc 0.06 .

s rockets projects!
15 Fib Dimensions prol | o Threaded Forward
18 %L x [ha b Length

el o o000 ises0] 3a08 ¢ Fly High Closures
18 025 3158 18440 3888 1088 « Adapters for

18 05 6316 14818 2984 3158 * Fly Fast
21 * Impress Your Cesaroni Cases

20 1 12632 00000 0000 6318
|
Figure 15

Friends!
www.ApogeeRockets.com/Building_ Supplles/Motor Retainers_Hooks
=
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Maklng Paper Nose Cones: Pt 1 be at Iength L. For example, in ceII G20 enter

Confinued from page 9 “=$B$20-B20”, then copy/paste this into cells
G19to G17. These will be the “x” values in
RockSim. Figure 17 shows the result in Rock-
Sim. Print this template out and remember you
will have to double it to create the complete rib.
Note for this template, it does not matter what
body tube you pick for the rocket, since the “root”
of this “fin” is the centerline of the rib.

Tail Cone (Boattail)

A tail cone is built in a manner very similar to
a nose cone. Since it is a truncated (chopped-
off) ogive cone, a little more math is required to
3 create the ogive curve because you need to find
—— the total length of the whole cone. Knowing the
Figure 16 base diameter, the diameter of the small end,
_ and the length of the tail cone, you can use some
A CAD program really helps drawing these algebra with equations 1 and 2a to solve for L (|

parts but if you don’t have a CAD program, am calling it LTotal so it won’t be confused with
and your drafting skills are rusty, have no fear, the tail cone length):

RockSim comes to the rescue again! The points ) ) )
from the spreadsheet can be entered using the Where R1 is the base radius (1/2 base diame-
points input screen for a custom fin set. You will J _ 2 2 _

use the radial height “y” from column C. You I _ (R1L=ERxRlsiEm sl — Rank)
will need to calculate a set of x coordinates so R R1—R2

than the tip of the rib is at 0 and the base will

ter), R2 is radius of small end, and LB is length of
T B T S— 22 the tail cone.

‘ :n-ll-h-q viom sty | Mt i | T v | Al | o |74 B

‘e o f'l_ o sl ) o] 2] %) 2 e i [ i %2R
i e S S i T e e
= |
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Continued from page 10
Tail Cone Taper Shrouds

If your spreadsheet is open, you can add a new worksheet (or open up another spreadsheet) and
start entering the tail cone parameters into the cells (don’t include the quote marks!):

1. Incell A1 enter “D1”. This will label the base (body tube) diameter of the tail cone.
2. In cell B1 enter the diameter. For this example it is 3.938 inch.
. In cell C1 enter “R1”. This will label the base radius cell.
. In cell D1 enter “=B1/2”. This is the formula to divide the base diameter by two.
. In cell A2 enter “t shell”. This will label the shroud material thickness cell.
. In cell B2 enter the material thickness. For this example, 110# cardstock is about 0.005 inch.
. In cell A3 enter “d1”. This will label the base diameter minus the total material thickness cell.
. In cell B3 enter “=B1-2*B2”.
9. In cell C3 enter “r1”. This will label the base radius under the bottom shroud.
10.In cell D3 enter “=B3/2”.
11. In cell A4 enter “tc len”. This will label the cell for the length of the tail cone.
12.In cell B4 enter the length. For this example it is 8.767 inch.
13.1In cell A5 enter “btm dia”. This is the diameter of the small end of the tail cone.
14.1n cell B5 enter the small diameter. For this example it is 2.478 inch.
15.1n cell C5 enter “R2”. This will label the small end radius.
16.In cell D5 enter “=B5/2”
17.In cell A6 enter “total len”. This will label the cell for the total ogive length.
18.1In cell B6 enter “=(($D$1-(D5))*$D$1*((D5)"2+B4*2-(D5)*$D$1))*(1/2)/($D$1-(D5))”
19.1n cell C6 enter “C”. This will label the cell for the caliber of total ogive, or the ratio of len to dia.
20.In cell D6 enter “=B6/B3”.
21.In cell C7 enter “rho”. This labels the cell for the ogive radius, rho.
22.In cell D7 enter “= 1/2*(B622+D3"2)/D3”. This is the formula for rho.
If you followed the above, your spreadsheet should look like Figure 18 below.

d K Se | =(($D$1-(D5))*SDS$1*((D5)A2+B42-(D5)*$DS1))A(1/2)/($D$1-(DS))

A B c D | E | F LG | H
D1 3.938 R1 1.969
|t shell 0.005
|d1 3.928 r1 1.964
|tc len 8.767
btm dia 2.478 R2 1.239
total len | 14.313_|C 3.644

rho 53.139
I

Continued on page 12
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Continued from page 11

In cell A9 enter “Shroud Dimensions”.

In cell A10 enter “%L".

In cell B10 enter “x”.

In cell C10 enter “y”.

In cell D10 enter “Dia”.

In cell E10 enter “Shroud length”.

In cell A11 enter “0”.

In cell B11 enter “=$B$4*A11”.

9. Incell C11 enter “= ($D$772-B1122)7(1/2)+$D$1-$D$7".
10.In cell D11 enter “=2*C11”.

11.1n cells A12, A13, and A14 enter “.25”, “.5”, and “1”.

12.Select cells B11, C11, and D11. Ctrl+C to copy the cells. Select cell B12 through D14 and
~ Ctrl+V to paste into those cells.

13.In cell E12 enter “=B12-B11”. This is calculation the difference between the x values for the
first (bottom) shroud.

14.Select cell E12, then copy/paste into cells E13 and E14.

| If you followed the above, your spreadsheet should look like Figure 19 below. Again, | entered
. the formulas for the shroud flat patterns in cells H12 through J14. If you want to use more than three
. segments, just add rows to the table.

© N ORWDbD=

H12 -l X Je | =SQRT((D12/2)72+(E12*D12/(D11-D12))A2)

A B | C D E E | G | J
9 |Shroud Dimensions
10 (%L X y Dia Shroud length R1 R2 theta
11 0 0.000  1.9690 3.938
12 0.25 2192 1.9238 3.848 2.192 | 93.264_| 95.456 7.43
13 0.5 4384 1.7879 3.576 2.192 28.892  31.088 22.28
14 1 8.767  1.2408 2.482 4.384 8.060 12.496 55.42
I

Continued on page 13

Figure 19
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* Flexible nose cone for extra

* Canted fins for straighterfli
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Continued from page 12
Tail Cone Support Rib

The internal support structure of the tail cone varies from the nose
cone since the engine tube will form the center, and the ribs will be like
fins (Figure 20). Note that this type of construction could be adapted
to the nose, using a standard commercial nose cone as a tip.

1. In cell A16 enter “eng tube dia”.

2. In cell B16 enter the outside diameter of the engine mount tube.
In this example 1.210 inch.

3. Incell A17 enter “t disc”.

4. In cell B17 enter the thickness of the bottom centering ring or
~ disc. In this example 0.06 inch. B

T . Figure 20
. In cell A18 enter “Rib Dimensions”.
. In cell A19 enter “%L".
. In cell B19 enter “x”.
. In cell C19 enter “y”.
. In cell D19 enter “Dia”.

10.In cell E19 enter “Rib length”.

11. In cell F19 enter “Rib Height”.

12.1n cells A20, A21, A22, and A23 enter “0”, “.25”, “.5”, and “1”.
13.1n cell B20 enter “=A20*$B$4”.

14.1n cell C20 enter “= ($D$72-B2072)"(1/2)+$D$3-$D$7".
15.1n cell D20 enter “=2*C20".

16. Select cells B20, C20, and D20. Ctrl+C to copy the cells. Select cell B21 through D23 and
Ctrl+V to paste into those cells.

17.1n cell E21 enter “=B21-B20-B17”. This is calculates the first position less the thickness of the
bottom disc.

18.In cell E22 enter “=B22-B21”.
19.Select cell E22, then copy/paste into cells E23.
20.In cell F20 enter “=C20-$B$16/2”. This is the rib height above the tube.

21.Select cells F20. Ctrl+C to copy the cell. Select cell F21 through F23 and Ctrl+V to paste into
those cells.

Your spreadsheet should resemble Figure 21 on the next page. Use the height and length values
to draw the support rib.

Issue 409 | January 26th 2016




Making Paper Nose Cones: Pt 1

Continued from page 13

F20 P fr | =C20-$B$16/2

A , B , C D
16 eng tube dia 1.210
17 tdisc 0.06

18 [Rib Dimensions

19 %L X y Dia Rib Length Rib Height
20 0 0.000 1.9640 3.928 1.359_|

21 0.25 2.192 1.9188 3.838 2.132 1.314

22 0.5 4384 1.7829 3.566 2.192 1.178

23 1 8.767  1.2358 2.472 4.384 0.631

I
. Figure 21

These values can be entered into RockSim

| as a custom fin set. The values in column B will Adve I"l'.lse in the

be the “x” dimensions, and the “y” values will be e - ”
in column F. You will also need to add a “0,0” Peak of FI'th
Dollar for dollar, you’ll see the most results by advertising

pomt and a pomt at LB’O . Flgure 22 (neXt page) in the Peak-of-Flight Newsletter. In fact, | guarantee it. If you

. shows the result in RockSim. don’t see more results from your advertisement in the Peak-

. of-Flight Newsletter, I'll run your advertisement for two more
Note for the tail cone template, you need to issues at NO COST!

. use the correct body tube diameter, since the
height calculated for the coordinates take the
. body tube’s outside diameter into account.

Call us at: (719) 535-9335

s o e A r._.-'_: i’
Kocker Kit

https://www.apogeerockets.com/Rocket-Kits)
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Making Paper Nose Cones: Pt 1

Continued from page 14
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Figure 22

In the next Peak of Flight issue, #410, David goes over construction of the nose cone and
tail cone using the templates generated here.
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