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why Do Swing Tests Often Fail?

By Tim Van Milligan

This past week, there was a discussion on the newsgroup
rec.models.rockets on the subject of swing testing. I'd like to
review theinformation that was said, and go into depth on the
subject alittle bit.

To review: you will recall, that swing testing isamethod
of validating the stability of arocket design. In this method,
you attach along string to arocket (at the CG point - with an
"unburnt" motor installed), and whirl it around your head and
see if it flies straight. If if does fly straight (nose first), then
you can be confident in the stability of the design when you
actually go out and launch it.

The controversy ariseswhen therocket failsto fly straight
as you whirl it about your head. Does this mean the rocket is
unstable? Can you launch it? And if the rocket does launch
straight, why did the string test fail?

You probably know from your past experiencesthat many
rocketsthat have flown straight and true have failed the swing
test. One that comes to mind is the Estes Alpha. But literaly
millions of Alpha's have taken to the air over the years. So
why did the swing test fail to provide indication that the de-
sign isindeed stable?

Peter Alway made agreat comment on R.M.R.. He said:

"Therearetwo issueswith the swing test that ganlead
to false negatives, both having to do with angle of inci-
dence.

Thefirgt, isthat if the model isn't short compared to
string length, then different parts of the rocket are at dif-
ferent angles of attack."

What this means is that those components furthest away
fromthe CG of therocket areflying at ahigher angle of attack
than those components near to the CG point (where the string
attaches).

Soif you haveidentical rockets, except for the body tube
length, thefinson thelonger rocket will be at adifferent angle
of attack than the short rocket. To make the all the partsfly at

asimilar angle of attack, we need to make the string longer.

Thisleads usto the conclusion that we want along string
whenwe perform astring test. Thiswill giveusarocket where
the various components are flying at a near zero angle of at-
tack.

In simpleterms, the string test may be failing because the
string is too short.

The problem is that it is difficult to swing test using a
long string. You need to start the rocket while it is flying
straight; because onceitisunstable, it may never recover. This
isa"catch 22" situation -- if it won't fly straight with a short
string; then it won't ever recover once you let the string out.
Ideally, you want to swing it with along string...

So if your string isn't long enough, you may not get a
"otherwise" stable rocket to swing properly.

Because the swing test can give us errors, we have other
methods of determining the stability of a rocket. The most
common way isto usethe Barrowman Equations. Thisis par-
ticularly advantageous for really big rockets that are impos-
sible to swing test anyway.

Peter's second argument really gets to the point of why
the string test can fail. He continues:

"The second is that some rockets are stable at a low
angle of attack, but unstable at a high angle of attack. If
you start the rocket going on the string with a good,
straight, fast toss, along the circular path around you, it
will have a low angle of attack. If you just dangle if from
the string and start swinging, it starts at a high angle of
attack, and some models that would be stable in flight
will actually point sort of backwards. They won't go
*straight* backwards, but they will go sort of backwards
and they are draggy and hard to get going fast.

It's not that the model will swing nose-first if you get
it going fast enough, but rather, once you get it going nose-
first, you can get it going faster."

But, you're probably asking yourself: "what difference

~N

J

OGEE

COMPONENTS

1130 Elkton Drive, Suite A
Colorado Springs, CO 80907 USA
www.ApogeeRockets.com

orders @ApogeeRockets.com
phone 719-5635-9335 fax 719-534-9050

~N



http://www.apogeerockets.com

P E A K O F F L

(&

Vs

does the angle-of -attack mean to stability?" o CER )

The answer to that question is that the CP of the rocket Estes Alpha - TR-11
moves forward with increasing angle of attack. By definition, i Lamched with (C6Q-7 1 ROGKSIM
we have a stable rocket only when the CP location is behind 8.0 -F =
the Center-of-Gravity location. So if the CPmovesforward of a75 £
the CG because of an increase in angle-of-attack; then the 870 = l
rocket will go unstable. T ’

| need to repeat that; becauseit isthe key to why the swing . E Rocket Clears ]
test can fail. "If the CP shifts forward of the CG positiondue | 8 ®%° & Launch Rod Here )
to an increase in the angle-of-attack of the rocket, the model E 8.85 + ‘\ |
will go unstable.” G 8580

So for your particular rocket, how do you find that criti- 8.45 —— °F i:‘;i_’;‘:_’:’::ik \\ J/
cal angle-of-attack where the rocket will go unstable? 8.40 £

Let's take alook at what RockSim tells us. 8.35 £

Figure 1 shows us the stability analysis from RockSim . 830 £
The Barrowman "static" CP location, and the CG location of S S L S L R
the rocket with a motor installed: S Y edshdecfamckDe .

CG =7.828 inches from the tip of the nose when a Quest
C6 motor isinstalled..

Barrowman CP location = 8.836 inches from the tip of
the nose.

At this point, the rocket is stable -- because the CG is

rocksim - ESTESALP.RKT)
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Estes Alpha - TR-11 Scale: 1/3

Rocket length: 12.200 In., diameter: 0.976 In., span diameter: 4.176 In.
Rocket mass 41.691 g, Selected stage mass 41.691 g
Engines: [C6Q-7 |

Method
Barrowma3

Na Static margin Analysis
.828 1.03 The rocket is stable.

CGIn. CPIn.
R 7.628 B8.836
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For Help, press

Figure 1: From RockSim, we can get the
location of the CG and the CP of the rocket.

RockSim wiill allow us to plot the CP position
as a function of angle-of-attack.

forward of the CP.

Now add a 15 mph wind, and run a simulation. We want
to make a plot of the CP versus the Wind Angle of Attack.
Thisisshown in Figure 2.

Do you seethat the CPismoving forward when the model
flies at an angle-of-attack? While this rocket never becomes
unstable, there are many designs that can go unstable at high
angles of attack.

In theory, we don’t want the model to exceed 12-15 de-
grees angle of attack. Beyond this point, we'd expect the fins
to stall, and become useless at keeping straight the path of the
rocket. But if you had a design where the CP shifted forward
of the CG at relatively low angles-of-attack (less than 10 de-
grees), you're going to be flying a really marginaly stable
rocket. A sudden gust of wind as the rocket |eaves the launch
pad could cause ashift in the CPlocation that makesthe rocket
go unstable.

There is somthing €else that may not be obvious that the
above simulations tell us. In a sense, the Barrowman method
can aso give usafaseindication of the model'strue stability.
Thereason isthat it only givesthe CP location at zero angle-
of-attack. Inreal life, thesituationisdynamic. Aswejust found
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out, the CP is constantly shifting due to the model flying at isunstable. It may be pr(_)ved stable using othgr method_s like
various angles-of -attack (which can be caused by wind). the Barrowman Equations, or the RockSim proprletgry

Therefore, it should be noted that the "one-caliber” static ~ Method.. Theseother methods should be used when your swing
stability recommendation is a pretty good rule-of-thumb to st fails.
follow. By starting with the CPfar enough back, weshouldnt ~ About the Author:
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Rocket length: 19.400 In., diameter: 1.573 In., span diameter: 6.073 In.
Rocket mass 62.491 g, Selected stage mass 62.491 g ‘,—/"‘
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Design Amazing Rockets!

( D :ﬂ% RockSim is the leading software for designing rockets, and finding out
how high they'll fly. With it, you can:
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£ Yes! s Am,.y\;{;‘ * Design Any Size Rocket.  * Mix Motor Sizes In Cluster
%r:ljs R 2 Ta it ikl @& * Use Any Size Motor. Configurations.
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Use = * D
T&ANQ‘:EA' SelnaEETsl * Create Assymetric Fin Display ‘2D Layouts And
e e e Arrangements. Rotating-3D Images.
e i | e s vt v “aes|| | % Print Fin & Ring Templates. * View Annimations Of The
L3 - . 1 14, E . B .
G T AT . = N * Find The Best Size Launch And Recovery.
2 & (o5 ) 564,20 140,10 1292 . 23.65 556,31 4.30 .
3 & [cses ] 589.75 140,62 12,92 6.07 12.10 584.67 4.44 Porochute Or Sh’eomer‘ * Pred|cf C Gnd CP‘
N A S T =S AT .
* Predict Altitude, Speed.  * Supports Up To 3 Stages
LI WL L LT | * Simulate Electronic Including Strap-on's.
N } Staging Events. * Graph Out The Results.
* Simulate Dual-Deployment. * Export Results To Any
* Determine Close-Proximity- Spreadsheet Program.

I Recovery Launch Angle. * Huge Parts Database.
ket Visions Come Alive! * Use It To Teach Others
e |

: akes Your Roc - — About Rocketry.
RockSim M — = .4 * Hold a Virtual Contest
>, : ' . " -4 Against Your Friends.

FREE Apogee Compqnenis, .Inc.
Version. < 1130 Elkton Drive, Suite A
De;“\’nn‘oa d Just $95! Colorado Springs, Colorado 80907-8501 USA
O .
It costs a little more, but
it today- it can save you Hundreds. Tel: (719) 535-9335  Fax: (719) 534-9050

Web Site: www.ApogeeRockets.com/RockSim.asp
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