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I recently began a downscale build of the Gila Monster 
[1] design, scaling all dimensions to match a 5.5” body 
tube. I previously built a half scale model in Arizona, but I 
needed a smaller version for East Coast use (considering 
the rocket eating trees).  The original Gila Monster was built 
by the “HillBilly Rocketry from Arizona”  and flown at Super-
stition Space Modeling Society, Turkeyfest in Nevada, and 
other western ranges (see Figure 1).  As I was complet-
ing the build, the question of how long and how strong the 
shock cords should be came up. So I did some research to 
derive an analysis-based answer.

a common recommendation that the shock cord should be 
3 times as long as the overall rocket length. I also found 
use of Kevlar of various sizes. But it seemed to me that for 
rockets under 10 pounds, perhaps the shock cord could 
absorb the shock of ejection and parachute inflation.  I was 
already planning and expecting to use elastic strap as my 
shock cord, having previously used it successfully in all 
of my Level 1 and Level 2 rockets. 1” elastic strap can be 
found in Joann’s Fabrics and Craft, and G Street Fabrics, 
and can be purchased (cut) from a roll in most reasonable 
lengths for shock cords.

I typically like to make a strong coupler sized tube by 
cutting a small slice out of a body tube and epoxying it back 
together, then epoxying a ½” nylon strap about 1 foot long 
to the inside, and use a few T nuts to bolt it to the inside 
of the body tube just above the fin case (see Figure 2).  I 
attach my 1” elastic shock cord to this using a loop tied into 
the elastic strap, and to the nose cone, or to the electronics 
bay at a ¼ x 20 steel eye bolt. But I decided to calculate 
how long this elastic shock cord should be.

First, I needed to know the properties of the elastic 
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Figure 1 – Gila Monster – Build and flown by the “Arizo-
na Hillbillies” of Superstition Space Modeling Society. 

Background:  For rockets using A,B and C motors 
and weighing less than a pound, and with parachutes less 
than 12 inches, a ¼” rubber band about 2 feet long seems 
appropriate (www.ApogeeRockets.com/Building_Supplies/
Parachutes_Recovery_Equipment/Shock_Cord/3_8in_x_6-
foot_Rubber_Ribbon). But as we get into larger rockets 
with F & G motors weighing up to 3 pounds, a real shock 
absorbing shock cord makes sense. Even more so, for 
Level 1 and Level 2. Then the recommendations change 
again for Level 3. In this article, I hope to walk through my 
logic of shock cord design.

Many folks have different ideas on how to design or se-
lect a shock cord. Studying the question on the web I found 

Figure 2 – A coupler tube with a nylon loop is bolted to 
the body tube above the fin case, and the elastic shock 
cord is looped around the nylon loop. This simplifies 
repair and refurbishment.

www.ApogeeRockets.com
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cord.  I clamped a 70 pound scale and ruler to a 2x4 (see 
Figure 3).  I took a 10 foot length of strap, and wrapped it 
into 4 loops with a total of 8 parallel strands from my finger 
up to the weight scale. The scale measured the force on 
the 8 strands as I pulled down, and the ruler measured how 
long the 8 strands were stretched out, from the scale hook 
to my finger. I recorded the stretch length at each increase 
of 5 pounds, until it didn’t stretch any more (see Figure 4 on 
the next page). I also did the same with 8 wraps of 10’ x ½” 
elastic and with 30’ x ¼” elastic. 

Next I pulled as hard as possible on just a single loop 
(effectively two lengths in parallel to the scale), and re-
corded the force that would break the loop, for the ½” and 
¼” elastic straps. Data for these measurements is shown 
in Table 1, and the corresponding graphs. Yes, it is a little 
amazing how strong it is beyond the point where it doesn’t 
stretch any more.  

The Two Forces On Shock Cords
The shock cord must endure two forces:

1) The force as the nose or electronics bay reaches the 
full length of the shock cord following ejection.

2) Then immediately after, the force of the parachute 
opening while the rocket wants to fall much faster than the 
parachute will allow.

Let’s look at each factor, and the effect on the shock 
cord.
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• MONSTER Nose Cones from LOC-Precision
• Durable Heavy-Duty Plastic
• Fits Standard LOC Tube and Blue Tube
• Get That Big Project Off The Ground
• Affordable!

www.ApogeeRockets.com/Building_Supplies/Nose_Cones/

Figure 3 – Test Stand for measuring spring constant 
and break point properties of elastic strap.

http://www.apogeerockets.com/Building_Supplies/Nose_Cones/High_Power_Nose_Cones
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www.ApogeeRockets.com/Building_Supplies/Nose
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Ejection Separation Force 
Ejection and stretching the shock cord to its limit is the 

first thing that happens. The ejection force is a little like 
a cannon shooting something out of a barrel. Here I will 
explore the arithmetic to determine how much energy must 
be absorbed as the nose cone or electronics bay speeds 

away from the lower half of the rocket rocket with the fin 
case. The goal is to absorb this energy rather than just let-
ting the rocket parts be abruptly halted by a shock cord with 
no stretch. If the shock cord doesn’t stretch when it fully 
extends, then often some plywood breaks or some steel 
eye bolt attachment will get bent out of shape (which is why 
a forged eye bolt is often used: www.ApogeeRockets.com/
Building_Supplies/Misc._Hardware/1_4-inch_Forged_Eye_
Bolt). 

Bear with me as we walk through the math of calculat-
ing this energy and how long the shock cord should be to 
absorb it.

First we need to know how much black powder is spent 
in ejection. I measured the black powder in an Aerotech 
G motor, and to the resolution of my scale it looks like 0.9 
gram. I have not found data on larger motors, and I am not 
going to tear them apart to measure.  On Vern Knowles 
web site [2], there is a discussion of how much BP to use 
for ejection charges, and the corresponding equations that 
enable calculating the pressure in the ejection cavity as a 
function of cavity volume, surface area of the bulkhead, and 
the amount of black powder. 

From the amount of pressure, we can calculate the 
force on the bulkhead that will propel the nose cone / 
electronics bay. The length of the coupler tube defines what 
distance the nose cone/electronics bay will travel when 
being pushed by this pressure.  If you use shear pins, then 
the energy to accomplish the shear must be subtracted 

Model Rocket Design and Construction
By Timothy S. Van Milligan

The Expanded 3rd Edition

Apogee Components
3355 Fillmore Ridge Heights
Colorado Springs, Colorado 80907 

telephone: 719-535-9335
website: www.ApogeeRockets.com

This massive, 328 page guidebook for serious rocket designers contains 
the most up-to-date information on creating unique and exciting models 
that really work. With 566 illustrations and 175 photos, it is the ultimate 
resource if you want to make rockets that will push the edge of the per-
formance envelope. Because of the number of pictures, it is also a great 
gift to give to beginners to start them on their rocketry future.

For more information, and to order this hefty book, visit the Apogee 
web site at: www.ApogeeRockets.com

Figure 4 – Spring force measurement curves for elastic 
strap of ¼”, ½” and 1” width. All curves normalized to a 
length of 1 foot, and stopped at the point where it was 
no longer easily stretching. The ¼” elastic broke at 26 
lbs and the ½” broke at 27 lbs. The 1” sustained 34 lbs 
(scale limit of 70 lbs for 2 strands) without breaking.

http://www.ApogeeRockets.com/Building_Supplies/Misc._Hardware/1_4-inch_Forged_Eye_Bolt
http://www.ApogeeRockets.com/Building_Supplies/Misc._Hardware/1_4-inch_Forged_Eye_Bolt
http://www.ApogeeRockets.com/Building_Supplies/Misc._Hardware/1_4-inch_Forged_Eye_Bolt
http://www.apogeerockets.com/Rocket_Books_Videos/Books/Model_Rocket_Design_And_Construction
www.ApogeeRockets.com
www.ApogeeRockets.com


Page 5I S S U E  3 4 8   S E P T E M B E R  2 4 ,  2 0 1 3

Continued on page 6

Continued from page 4

What Length Of Elastic Shock Cord?
from the available energy propelling the nose cone/elec-
tronics bay. 

So the electronics bay is accelerated from the fin case 
by a force applied over a distance, and thus develops ki-
netic energy.  This energy can be measured in foot pounds 
or Newton meters. Energy in Newton meters is directly 
equal to energy in Joules.  Please note that using more BP 
than required to assure safe ejection results in consider-
ably more force and more energy to absorb, so while many 
may use 4 g of BP, 2 g is surely enough for Level 1 rockets 
without shear pins. 

That energy can be absorbed into the elastic shock 
cord. The force of the shock cord pulling back on the nose 
cone/electronics bay increases as the cord stretches, just 
like most springs. The energy absorbed is captured in an 
equation based on this spring constant and the distance it 
stretches.  The shock cord should be long enough to ab-
sorb all of this energy before it reaches its stretch limit.  

Forces on the Level 1 Rocket
So here are the properties of my Baby Gila Monster, 

which we will use to analyze the ejection:

• Body Diameter – 5.36” / 0.136 m
• E-Bbay Surface area – 22.56 sq in / 0.014647 sq m

• Cavity Length to base of electronics bay – 14.5” / 
0.369 m

• Length of E-Bay coupler – 6.25” / 0.159 m
• Spring constant of 1” elastic – 3.125/lbs for a stretch 

of 1.29 ft = 2.42 lbs/ft of stretch, or 13.89 n for a 
stretch of 1.28m or 10.86 n/m

• Black Powder – 1g
• Weight of Rocket (dry) – 7 lbs

Converting the elastic spring constant to metric is a 
little more complicated. If we take a 1 meter length and 
stretch it to 2.29 m we will also get 3.125 lbs. We convert 
3.125 lbs to Newtons by multiplying by 4.445 so the metric 
spring constant is 13.89 Newtons/m.

Vern Knowle’s web site derives the equations for con-
verting grams of BP to pressure starting with: 

PV=NRT

This is the ideal gass equation from physics:

Pressure * Volume = Mass * Rgas constant * Temperature.  

Vern Knowles gives us the burning temperature of 
Black Powder as 3307 degrees. He also provides the sim-
plifying equation: 

N=0.006*D2*L  (grams)   and  N=0.00052*F*L 

where N is grams of BP, D is diameter in inches, L is 

Staging Electronics
• Designed to ignite the top 
motor in two-stage rockets.

• Provides an easy way to 
stage composite propel-

lant motors
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• Fires off igniters after a 
preprogrammed amount of 

time following liftoff
• G-switch senses liftoff and 

insures against a false launch-
detection

• Small, lightweight design is great 
for skinny rockets

• Easy-to-use, and will fire off any ig-
niter, including clusters!

www.ApogeeRockets.comBattery, battery connector, mounting 
board and igniter are not incuded.

https://www.apogeerockets.com/Electronics_Payloads/Staging/PerfectFlite_MiniTimer4_Staging_Timer
www.ApogeeRockets.com
www.ApogeeRockets.com
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www.ApogeeRockets.com/Rockets_By_Manufacturers

Looking For A Fun Rocket Kit?
Roam In Our Forest of Over 190 Different Types

• Unique and exotic kits 
from over 20 different 
manufacturers

• Skill Levels range from 
“easy” to “fiendish”

• Sizes from 1/4A motor 
to level-2-high-power

• We build & fly them to 
find out what they’re 
like, saving you grief

• More new ones arriv-
ing all the time

• Educational bulk packs 
available too 

length of cavity in inches, F is force applied to the bulk-
head.

The first equation defines how much BP will produce 15 
psi, where D and L are in inches. However, 15 psi results 
in 338 lbs of force, far more force than I expect to need.  
My rocket weighs about 10 pounds, so less than 100 lbs 
of force will overcome the friction of the electronics bay 
coupling, including wind resistance on the nosecone. 1g of 
black powder will produce 132.6 lbs of force.

That force is applied over a distance of the length of 
the coupler.  In metric equivelant of 132 lbs is 587 newtons, 
6.25” is 0.159m so the energy applied to eject the E-bay is 
587*.159 = 93.4 newton meters (or Joules)

The shock cord absorbs energy by the equation E=1/2 
* K * DL2    or   DL = SQRT (E/(0.5*K))

Where K is the spring coefficient of the shock cord and 
DL is the stretched distance of the shock cord.

DL = sqrt (93.4/(0.5*10.86)) = 4.14 m 

So 4.14 meters when stretched, is 1.82 m when not 
stretched.  To be conservative, we need at least 2 m of 
shock cord to absorb the ejection energy of 1g BP in my 
Baby Gila Monster cavity.  I will be happier with more length 

because of the inexact measurement of black powder, 
since my scale doesn’t have very fine resolution.

Measuring BP
Recently I purchased a PerfectFilte Stratologger (www.

ApogeeRockets.com/Electronics_Payloads/Altimeters/
PerfectFlite_StratoLogger_Altimeter). The corresponding 
manual [4] is excellent and includes an equation for figur-
ing out just how much BP is a gram, since it is very hard to 
come by a scale that can measure 1.0 gram (the closest 
thing seems to be an Ozeri Digital Kitchen Scale model 
ZK14-B, which can resolve thousandths of a pound, and 
1 gram is 0.0022 of a pound and so it shows 1 gram as 
0.002).  The Stratologger manual says specific gravity of 
BP is 0.95 grams/cc, so if you have a “yellow nozzle cap 
plug measure the inside diameter and depth in centimeters, 
then calculate volume,” and from the volume calculate the 
grams as follows:

Grams BP =  “(0.7854*diameter*diameter*depth)*0.95”

Table 1 provides the depth measurement in mm for 
a yellow nozzle cap, for a Coca Cola red bottle cap, a 
PVC end cap, and a small vial for BP amounts from 1 to 4 
grams.

http://www.apogeerockets.com/Rockets_By_Manufacturers
www.ApogeeRockets.com
www.ApogeeRockets.com/Rockets
http://www.ApogeeRockets.com/Electronics_Payloads/Altimeters/PerfectFlite_StratoLogger_Altimeter
http://www.ApogeeRockets.com/Electronics_Payloads/Altimeters/PerfectFlite_StratoLogger_Altimeter
http://www.ApogeeRockets.com/Electronics_Payloads/Altimeters/PerfectFlite_StratoLogger_Altimeter
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Wanted: Your Rocket Products
If you’re a manufacturer of rocketry products, like kits, electronic payloads, parts, construc-

tion tools, motors, launch equipment, or something totally cool, we’re interested in talking to you. 
We’re always looking for new products to sell.

So why have Apogee sell your products? 
We have the best customers that are looking for something new.
We provide the product support for the customers, so you don’t have to.
We take care of all of the hassles, so you can focus on what you do best.
We are a volume seller - Our web traffic means buyers will find you easier.
Our endorsement means you sell more and make more money!

www.ApogeeRockets.com
If you’re not getting enough sales, let’s talk.

Chute Opening Forces
If you design your rocket and delay perfectly, and there 

is absolutely no wind, the rocket will pop the chute exactly 
at apogee and with zero velocity. This doesn’t happen very 
often. If the delay is early or late, the rocket has substantial 
velocity when the chute pops. And if there is any wind, the 
rocket weather cocks toward the wind and has substantial 
velocity as it reaches apogee. I am reminded of this be-

cause it seems that when I switched from an Aerotech G 
motor with 7 second delay to a Cesaroni G drilled down to 
a 7 second delay, the Cesaroni motor seemed to be about 
2 seconds later than apogee, and kept me very excited until 
the chute popped. 

So I did a study to see what velocity the rocket would 
have at what delay after apogee. Using Rocksim V9, I pro-
grammed the motor delay in 1 second steps beyond apo-
gee, from 1 second late, to 4 seconds late, and recorded 
the velocity at ejection as reported by Rocksim  (a handy 
feature) see figure 6.

Figure 6 – Velocity of my rocket (ft/s) at moment of 
ejection in 1 second steps after apogee from Rocksim.

Figure 5: Measuring black powder without a scale by 
calculating volume of the container. Here is a yellow 
nozzle cap, a Coca Cola red bottle cap, a PVC end cap, 
and a small medical vial.

Table 1: The container measurement depth for calculat-
ing the amount of black powder.

Since all things are accelerated by gravity the same 
way, these will approximately estimate velocity for any 
rocket that has low aerodynamic drag. As we can see, just 
a little excess delay can result in considerable velocity.

Then I used the Coefficient of Drag from Rocksim’s 
parachute model, and the equations from Wikipedia[3] to 

www.ApogeeRockets.com
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Electronics Hardware Installation Kit
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Think of the convenience of getting everything to 
professionally install your dual-deployment or oth-
er electronic payload into a e-bay of your rocket!

www.apogeerockets.com

Includes: nylon stand-
offs, screws & nuts, 
wire, push-switch, drill 
& tap, ejection charge 
cannisters, barrier strips,  
wire ties, and step-by-
step DVD instructions.

calculate drag force for several sizes of drogue parachute 
ranging from 12 inch to 48 inches at the velocity of the 
rocket at the time of ejection.  The drag force will apply im-
mediately to the shock cord as soon as the parachute pops 
and the shock cord stretches out.  

Yes, eventually the rocket slows down until the velocity 
of the rocket and parachute drag matches the weight of the 
spent rocket. So there is a substantial spike in stress on 
the shock cord until it slows down.  As we can see in Table 
2, using a large drogue chute can create enough force to 
break an elastic shock cord. Similarly, having the ejection 
delay be more than 4 seconds later than apogee can result 
in a very large force.

So we now see that the elastic shock cord can easily 
experience sufficient force to break if the ejection is late, or 
if the chute is large.  With long shock cords, the rocket will 
lose momentum due to air friction drag after ejection, so 
longer than minimum length is better. 

My Level 2 Rocket
I was able to use this same design methodology for 

my Level 2, which was small enough and light enough. 
However, I recognize that for a body over 10 lbs, it is really 
important to be sure that all forces can stay sufficiently 
below breakage.

Level 3
For my Level 3 Rocket, I used 1” nylon strap risers 

(greater than 1200 lbs breakage tension) 20 feet long for 
shock cord both above and below the electronics bay.  
Note that this gives the entire rocket and electronics bay a 
considerable jolt when it reaches fully stretched, and at this 
point, yes, it is a good idea to get welded or forged eye-
bolts, and to use at least ¾” of birch plywood.  For those re-
ally big projects everything  just has to be built really strong. 
But if you can put about 10 loops of 1” shock cord as the 
last 2 feet, then the shock can be sufficiently reduced to 
reduce likelihood of breakage at full extension.
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Table 2.  Pounds of force on the parachute at ejection 
for various deployment velocities. Breakage tension on 
a single piece of 1” elastic strap is somewhat above 34 
pounds. 

Cdrag = dragforce/(0.5*rho*V^2 * A)  or dragforce = 0.5 
* Cdrag * rho * V^2 * A  (all metric units)

Note that Rocksim reports a Cd for the parachute of 
0.75, Wikipedia reports a rho of 1.2 kg/m^3,  and it takes a 
great deal of care to convert everything to metric units, and 
back to pounds of force.
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