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About this Newsletter
You can subscribe to receive this e-zine FREE at the  
Apogee Components web site  (www.ApogeeRockets.com),  
or by sending an e-mail to: ezine@apogeerockets.com with  
“SUBSCRIBE” as the subject line of the message.

may not result in the 
total loss of the pay-
load. The Apollo 15 
mission is probably 
the best known ex-
ample of this benefit 
of clusters. After re-
entry one recovery 
parachute collapsed 
shortly after open-
ing. The capsule and 
crew landed safely 
under the remaining 
two chutes [1]. 

Figure 2. Apollo 15 lands safely under two of the 
three recovery parachutes. One parachute failed as 
a result of being burned by RCS fuel vented dur-
ing the nominal overboard dump. Photo courtesy 
of NASA-JSC

Stability
There are also occasions in which a payload needs 

to be very stable during descent. Oscillation might affect 
pictures or video taken with a camera mounted in the 
payload. Or stability during descent might be needed 
to insure the proper orientation of the rocket (a “lander” 
of some sort) at touchdown. A cluster of three or more 
parachutes will provide improved stability [3].  

Disadvantages
There are some disadvantages to using clustered 

parachute systems that may affect modelers.

Cost
One disadvantage of clusters is the cost.  Generally 

a cluster of two or more parachutes is more expensive 
than an equivalent single parachute.  

Introduction
Most amateur rocketeers know something about 

parachutes used in clusters. Many know that all of 
NASA’s Apollo command modules returned to earth un-
der a cluster of three parachutes. NASA also uses three 
canopies to land each Shuttle solid rocket booster.  Some 
rocketeers may even 
be familiar with military 
systems which use mul-
tiple canopies to supply 
ground troops. Howev-
er, clustered parachute 
systems aren’t used 
much in the small rocket 
world. True, normally 
clusters are not needed, 
but sometimes they are 
useful, and they are fun 
to experiment with!

Figure 1. Apollo 16 returns under a cluster of three 
parachutes.  
Photo courtesy of NASA-JSC

Advantages
Clusters have several advantages over single para-

chute recovery systems.  Two that may apply to small 
rockets are:

Redundancy 
If each canopy in a cluster is individually attached to 

the payload, then the structural failure of one parachute 
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Weight and Volume
Clusters also weigh more, and take up more space 

in a payload (rocket) than an equivalent single para-
chute. 

Rigging and Deployment
Clusters are more complicated than a single para-

chute. They also have problems during opening. Cano-
pies of a cluster usually do not open at the same time 
– some lead while others lag. The leading chute(s) bear 
the worst of the opening shock. There is no way to pre-
dict which canopy will open first so all chutes have to be 
strong enough to open first. This adds to the weight and 

volume of the sys-
tem. Much research 
has been performed 
trying to cure “lead-
lag” but it is still a 
problem [4]. Also, 
the methods of re-
ducing lead lag that 
do exist are very 
complicated and not 
easily adapted to 
small systems.

Figure 3. This view looks straight up into a deploy-
ing cluster of six chutes. One of the three white 
chutes has taken the lead and is blanking out the 
other two white chutes and the three orange ones.  
Photo by author.

Drag Loss
Parachutes in a 

cluster interfere with 
each other.  Instead 
of flying directly over 
a payload like a single 
parachute does, cano-
pies of a cluster fly 
“tipped over” at some 
angle of attack.  This 
reduces their efficien-
cy.  One study showed 
an 8% decrease in 

drag coefficient in a cluster of four canopies of a full 
scale system [3]. No one knows by how much efficiency 
is reduced in small systems. Drag loss could be even 
worse. The author has noted that in small systems with 
light payloads (e.g., small rockets) the canopies appear 
to fly at much greater angles of attack than the canopies 
in full scale clusters (compare Figure 4 or Figure 5 with 
Figure 1 to see this.) Parachutes are generally less ef-
ficient at such high angles of attack.

Figure 4. In this backyard “toss test” the canopies 
of this tricluster fly at high angles of attack, prob-
ably due to the low canopy loading of the system.  
Photo by author.

Parachute Cluster Guidelines
Dispite these disadvatages, clusters are still useful 

and experimenting with them is fun. When building and 
using a clustered parachute system the following infor-
mation might help. Much of it is taken from literature 
which describes research on full scale systems, and 
some of it comes from the author’s model experience. 
To the best of the author’s knowledge no real research 
has been done on cluster systems used in small rock-
ets.  It is a new frontier, so please use these guidelines 
cautiously.

Parachute Type
All parachutes in a cluster must be identical. Para-

chutes must be of the same size and type and be made 
of the same material. They should be of the ballistic 
(non-gliding) type but other than that there is no restric-
tion on type.

Effective Rigging Line Length (ERL)
Effective rigging line length (ERL) is the British 

term for a very important concept. It can be defined 
as the distance between the payload attachment point 
(or riser confluence point) and the skirts (hems) of the 
parachutes in the cluster when the recovery system is 
stretched out flat. 

The purpose of the ERL is to reduce the amount of 
interference between the chutes in a cluster. Yes, two 
or more parachutes can be hooked directly to a pay-

Figure 4.

Continued from page 2

Continued on page 4
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used its confluence point might be attached directly to 
the payload. However, in a cluster there must be a riser 
that connects the confluence point of each individual 
parachute to the payload in order to maintain the mini-
mum ERL. 

If the cluster has more than three parachutes, there 
are two choices for the type of riser system.  Each para-
chute can be connected to the payload individually us-
ing a single long riser, or the parachutes can be divided 
into smaller “subclusters” which are in turn connected 
to the payload by other risers (cascaded risers). The 
former provides greater redundancy, the latter is a little 
easier to handle and may be a bit lighter. 

One test showed that with clusters of five or more 
canopies, cascaded riser systems are needed to pre-
vent riser “wrap-up” during long descents [3]. 

Examples
Below are examples based on clusters made with 

parachutes twelve inches in diameter (D=12”.)

If we use two chutes we apply the ERL formula for 
n=2 and D=12”.

"0.17"122 ==ERL
 
So the distance from the payload to the skirts of the 

parachutes must be about 17”. The suspension lines of 
the parachutes already provide 12” of this length, so we 
really need only a 5” length of riser between the payload 
and each of the line confluences of the parachutes.

For a cluster of three parachutes (a tricluster) the 
answer is similar. We use n=3 instead of n=2 in the for-
mula and our ERL for the tricluster is ERL=20.8”. Again, 
12” of this is supplied by the parachute suspension lines 
so our risers need only be 8.8” long.

For a cluster of six 12” chutes we would need much 
longer risers. By the same method, the ERL is 29.4”, 
but again subtracting the contribution of the 12” suspen-
sion lines, the riser length needed for each of the six 
chutes is 17.4.”

load but they will interfere with each other very badly. 
Efficiency will be lost. If more than five are connected in 
that manner at least one collapses [3]. A proper ERL is 
needed to avoid this.

Generally the ERL is calculated by

DnERL =

where D is the diameter of a parachute in the  
cluster.

The British use the inflated diameter for “D” which 
is about 65% to 70% of the constructed or “flat” diam-
eter, but for small systems it is definitely better to use 
the flat diameter [5][3].

The mathematically inclined might notice that the 
ERL is the diameter of a parachute having an area 
equivalent to the total parachute area in the cluster.

equivalentDDnERL =




= 2

4
4 π
π

The ERL is a minimum value. Longer is OK, shorter 
is not. 

Another reason to maintain a proper ERL is some-
thing called “forebody wake effect.” This can apply to 
single parachutes as well, if they are rigged too close to 
the payload. Basically the air flowing past the payload 
(forebody) produces a wake which can interfere with 
the parachute(s). Up to 25% of parachute drag can be 
lost [6]. Keeping a sufficient distance between the pay-
load and the parachute minimizes this risk. Notice in 
Figure 5 the separation between the canopies and the 
payload.

Riser Systems –  
To Cascade or Not to Cascade?

The member parachutes of a cluster each gener-
ally have suspension line lengths equal in length to 
their diameter. These lines are gathered at the suspen-
sion line “confluence point.” When a single parachute is 

Continued from page 3

Continued on page 5
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Continued from page 4

Since the cluster has more than three parachutes, 
a “cascade” riser system can be selected. For the six 
parachutes it works like this:  Divide the six chutes into 
two “subclusters” of three chutes each. Treat each sub-
cluster as an independent cluster. Thus we would need 
three bridles 8.8” long to join the three chutes together in 

the subcluster, just 
like we calculated 
above. Each of the 
two subclusters is 
then connected to 
the payload by an-
other riser. The total 
ERL for the cluster 
of six parachutes 
is still ERL=29.4”.  
However, the sub-
clusters account for 
20.8” of this, so the 
remaining two ris-
ers need only be 
8.6” long.

Figure 5a. This rear engine ejection model is recov-
ered by a 6:3,2 cluster of D=12” nylon chutes. No-
tice each parachute’s high angle of attack possibly 
due to the low canopy loading. Photo by author.

Figure 5b. Sketch of the 6:3,2 cluster shown in  
Figure 5a

Figure 5 shows a cluster of six parachutes with this 
arrangement. Note that the single long riser connecting 
the riser system confluence to the model does not count 
as part of the ERL.  Remember that the purpose of the 
ERL is to allow the canopies to separate. The single 
long riser does not help this. It does count towards elim-
inating any forebody wake effect.

The parachutes in this system could also be ar-
ranged as three subclusters of two chutes each instead 
of the two subclusters of three chutes each discussed 
above. This would be a 6:2,3 array. The key is the ERL. 

In all cases the skirt or hem of the chutes is 29.4” from 
the payload (or riser system confluence point.)

This can get wild and crazy. By way of demonstra-
tion, many years ago the author used a cluster of eight 
8” diameter polyethylene kit chutes (n=8, D=8”) ar-
ranged in a three level cascade riser system to recover 
a 5 N-sec powered stock Estes Arcas model. Each pair 
of chutes was connected together as a terminal sub-
cluster. Each pair of terminal subclusters was joined 
together as an intermediate subcluster (four chutes). 
Finally the two intermediate subclusters of four chutes 
each were joined together and attached to the rocket. 
The ERL’s were maintained at all three levels. This as-
sembly can be referred to as a 8:2,2,2 cluster array. 
Eight chutes total, 2 in the terminal subcluster, 2 termi-
nal subclusters in each of 2 intermediate subclusters, 
and 2 intermediate subclusters joined together and at-
tached to the rocket. A rather poor photo (scanned from 
a print) of this assembly is shown in Figure 6.

The strange nomenclature (e.g., 8:2,2,2, and 6:3,2) 
is the author’s way of keeping track of large, complex 
clusters and is not used to describe full scale systems. 

SUBCLUSTER

ERL

ERL FOR
SUBCLUSTER

PAYLOAD

Continued on page 6
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Note the product of all the numbers to the right of the 
colon must equal the number to the left of the colon.

The largest known cluster (in terms of the number 
of canopies) had 
19 parachutes!  
This was a special 
test performed by 
the British early in 
the development 
of clustered para-
chute systems 
around World 
War II. Member 
parachutes were 
of an unusual 
design and each 
parachute was at-
tached to the pay-
load by its own 
riser [5].

Figure 6. A cluster of eight D=8” kit chutes used to 
recover a stock Estes Arcas. A three tiered cascade 
riser system was used. Photo by author.

Rigging and Deployment
One cause of malfunctions in any parachute sys-

tem is an out of sequence deployment. This happens 
when parts of the parachute system are exposed to the 
air before they should be. Generally the canopy portion 
of the parachute should not be allowed to start filling 
until the lines are already fully deployed. This is why the 
Carlisle method of folding chutes works for modelers – 
we wrap the canopy up in the lines and it cannot fill until 
the lines are already deployed [7]. Keep this in mind 
when working with any parachute system

Stack and Pack
Smaller, simpler clusters don’t require much more 

effort to prepare for use than single parachutes.  The 
easiest way to rig a small cluster is to stretch the system 
out taut, stack the canopies together and S-fold them to 

fit the rocket. Wrap the suspension lines lightly around 
the canopies. Then S-fold most of the risers onto that 
package and finally, wrap a just a little of the remaining 
riser material around the whole assembly. After ejection 
the package will unroll first, then the S-folded riser will 
stretch out, and finally the suspension lines will unroll 
from around the canopies, allowing them to fill. The au-
thor has successfully deployed clusters of four chutes 
like this.

Deployment Bags
Modelers with intermediate size systems might 

want to use a cheap, expendable deployment bag to 
better control the deployment sequence. They are not 
difficult to make. The author has used a simple tube 
taped up from a piece of garbage bag plastic and open 
at both ends to contain the canopy portions of the para-
chutes of a cluster. On the top end of the tube a small 
chute called a pilot chute is attached. The size of the 
pilot chute is unimportant but is generally smaller than 
the canopies in the cluster. Once the parachute cano-
pies are stacked together and contained in the plastic 
tube, S-fold the pilot chute on top of the tube. Fold the 
tube in half to cover the pilot chute. Wrap the suspen-
sion lines of the cluster and as much of the risers as you 
are comfortable with around the folded tube and place 
it in the rocket. 

Upon ejection the risers and suspension lines un-
wrap completely, finally the tube of canopies is exposed 
and unfolds. This frees the pilot chute to inflate which 
pulls the plastic tube from the canopies, exposing them 
to the air stream all at once. Note that the deployment 
bag and pilot chute assembly is so light it is seldom 
recovered.  

Please note that this system, which is technically 
more of a deployment sleeve than a deployment bag, 
bears only a small resemblance to the method used to 
deploy “full scale” cluster systems. However, the author 
has deployed a cluster of twelve 12” diameter nylon 
chutes using this method.

Truly large (e.g., high power) systems will need to 
resemble full scale systems. The canopies of the cluster 

Continued from page 5

Continued on page 7
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might be contained in a deployment bag with the lines 
stowed in rubber bands on the side of the bag. In such a 
system the drogue parachute is ejected at high altitude 
and stabilizes the rocket for most of the descent.  At 
the proper lower altitude a pyro would fire, releasing the 
drogue chute. A “lazy leg” bridle connecting the drogue 
chute to the deployment bag would then deploy the bag 
from the airframe and serve as a pilot chute for deploy-
ment of the cluster.

An advantage the modeler sometimes has that is 
not available to the parachute engineer working with 
large full scale chutes is the availability of the toss test. 
If there is any doubt about how the system is rigged, at-
tach a dummy payload and do a toss test.

Summary
Clusters can provide redundancy and stability to 

model rocket systems although they add complexity, 
weight, volume, and cost to that system. Until more 
research is performed on very small systems, guide-
lines for designing clusters used in full scale systems 
as adapted and presented here should be followed  
cautiously.
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DEFINING MOMENTS
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6 Degrees of Freedom
Speeds up to mach 10•	
Altitudes up to 392.7 miles•	
Create landing zone patterns in Google Earth •	
Replaces the “SPLASH” software•	
Beta tested by the USAF•	
Developed for university researchers and Aerospace •	
contractors 

Monocopters
A monocopter is a very unique type of aircraft that 

was inspired by a maple seed.  While a typical helicop-
ter rotor design has two or more equal blades to bal-
ance the rotational forces, the monocopter employs a 
single rotating blade as its source of lift.  To offset the 
inherent asymmetry of the design, the propulsion pod is 
attached opposite the blade, and is of sufficient mass 

to balance the spinning blade in 
flight.  Weighted stabilizing bars 
are often added perpendicular to 
the wing, centered on the balance 
point.

The monocopter concept has 
been around for about a century, 
but the first actual flying models 

weren’t made until the 
1950’s.  The concept 
has languished until re-

cently, when rocket-powered versions gained popular-
ity several years ago.  Since then, monocopters have 
appeared in all sizes from Micro-Maxx to more than J 
impulse!

There is a video of a monocopter flight on the Apo-
gee website: 

www.apogeerockets.com/monocopter_movie.asp 
Are you interested in learning more about mono-

copter design?  Check out the book Monocopters by 
Francis Graham:  

www.apogeerockets.com/monocopter_book.asp 

(Photo courtesy of Alien 
Enterprises,  
http://www.rocketreviews.
com)

Supersonic Aspire Combo
Includes:

Aspire Rocket (reg. $17.58)•	
G77-10R/L motor (reg. $19.25)•	
Fix-It Epoxy Clay (reg. $10.60)	•	
React-A-Pack epoxy (reg. $3.95)•	
CD-ROM set: Building Skill Level  •	
1 and 2 (reg. $29.69) 

Get all of this for only $70.95 
P/N: 00513

Offer Ends August 31st

To purchase go to: 

 www.ApogeeRockets.com/Summer_Sizzler.asp

save over  
$10.00

S u m m e r  S i z z l e r 

S p e c i a l

http://www.apogeerockets.com/rs-pro.asp
http://www.apogeerockets.com/Summer_Sizzler.asp
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Available Worldwide
through Quality
Hobby Shops and 
Online Retailers

www.sunward1.com  info@sunward1.com  
Direct 416-953-1847  fax 416-245-7985

New designs NOW available at you local retailer:

Great beginner’s rocket.
Laser cut fins.  Streamer
recovery.  0.976” dia
11” long.

Check out the rest of 
our new mounting kits,
BT50 nose cone,
BT55 tubes - 18” long,
29mm thrust rings

NOW SHIPPING

Interplanetary 
Shuttle Box Racer Space

Speedster

Bug Me Not!Explorer

Telescope Kit
Lightning
Fury

Small rocket with lots of 
laser cut balsa.  Easy to 
build with distinctive design.  
0.976” dia 11”long

Foam board fins for a different
build.  Includes pre-printed side 
panels.  Plastic nose cone.
19” long 0.976 dia.

Printed body with foam
board fins.  Preprinted 
fins. Laser cut foam 
mounting rings.   

Flechette
3 fins 6 piece laser cut balsa.
Flights to 1000’/ 300m.
Parachute recovery.

Flechette: The word flechette is 
French for "dart." In military use,
 it is a projectile having the form 
of a small metal dart: a 
sharp-pointed tip and a tail with 
several vanes to stabilize it during flight.

Laser cut 4 fin with distinctive
design.  21” long 0.976” dia
Parachute recovery.
Flights to 750’/ 250m

Simple to build.  Laser cut
fins.  Streamer recovery.
0.796” dia, 21” long

Perfect for science projects
or science fairs.  Working telescope
( not a rocket ).  Custom high 
quality tubing with black coating on the
inside.  Precoloured - no painting required.
Glass lenses.
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TIP OF THE FIN

Low-tack Cellophane Tape

Masking is a delicate process when painting any-
thing, including rockets.  You need a method of protect-
ing the existing painted areas, and doing so in a way 
that allows for a crisp, clean line between the colors, 
with little or no ridge.  You also need to be aware of the 
masking material’s effect on the underlying paint coat; 
a strong adhesive can pull paint off when you remove it, 
or it can leave behind an undesirable residue.

My favorite masking tape is 3M Scotch 811 Remov-
able Magic™ Tape.  It is available in both a dispenser 
and as a refill.  This is a cellophane tape with a very 
gentle adhesive, similar to a Post-It® note.  It will not lift 
the paint under it, and since it is very thin it leaves only 
a minimal ridge.

So look for Scotch tape in the blue packaging – it’s 
great for paint masking!

By Dave Virga

Launch Success Begins with RockSim

 • Dream It!
 • Design It!
 • Simulate It!
 • Build It! 
 • Fly It!

• Economical Educational Software
• Kid-Friendly: Easy-to-use Design Interface
• Determine if Rockets are Stable and Safe to Fly
• Find out How High and Fast They’ll Travel

w
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Get your free demo today!

http://www.apogeerockets.com/rocksim.asp
http://www.apogeerockets.com/condor_glider.asp
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Want to try your hand at build-
ing something completely different?  
Try cardstock models!  This issue’s 
featured website is Ralph Currell’s 
card model plan site – 
http://www.currell.net/
models/index.htm.  Of 
course, he has rocket 
model plans, as you 
can see from these pic-
tures.  But he has a lot 
more as well – ships, 
aircraft, and buildings 
– nineteen in total – 
and they’re all free!  Be sure to look 
through the photo galleries to see 

what some enterprising people have done with a few of 
the rocket models.

The plans consist of Portable Document Format 
(PDF) files that you print on heavy paper, then cut out 
and assemble.  Detailed instructions are included that 
fully explain the building process.  All that’s needed are 

basic modeling tools (sharp knives, 
scissors, straightedge, white glue), a 
steady hand and some patience, and 
you can turn out some very impres-
sive models.  Check it out!

Web Sites Worth Visiting

React-A-Pack Epoxy gel is the first 2-part epoxy 
system of its kind. It allows commingling of the resin and 
hardener--but allows no reaction to occur until it is started 
by the user. Use it as an emergency repair kit or as an 
everyday sealer for things like loadable motor systems, 
sealing parts, gluing centering rings and much more! 
Works on ceramic, metal, wood, pottery, tile and more.

Why use React-A-Pack Epoxy?:

• Convenient size - No waste. Stores easily 
• No mess - Mixes right in the pouch
• Portable - Take in your range box
• Strong - Makes your rockets tough and durable
• Pourable - Can be poured into hard to reach places

To Order Visit: www.ApogeeRockets.com/react-a-pack.asp

P/N: 29592
Price: $3.95

6 single use pouches to a pack

http://www.apogeerockets.com/react-a-pack.asp
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Question:  “How do I measure the actual descent 
rate of a rocket?”

Answer:  An on-board electronic altimeter is the 
perfect tool to do this.  Apogee carries a micro-sized 
altimeter that is small enough to fit into a BT-20 tube 
(http://www.apogeerockets.com/altimeter.asp).  This 
altimeter measures barometric air pressure through-
out the flight, and stores the data for download to your 
computer.  This image shows a typical flight data plot 
from the altimeter, with altitude on the vertical axis and 
time on the horizontal axis.  You can clearly see the 
rocket’s rapid ascent to over 700 feet altitude, and then 
a much slower descent.  You can determine the rocket’s 
descent rate by calculating the slope of the line as in-
dicated.  Simply pick two data points at opposite ends 
of the line, and divide the difference in altitude by the 
difference in time. 

Question & Answer

Descent Rate is the 
slope of this line
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http://www.apogeerockets.com/Aerotech_Reload_Motors.asp

