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What's the Maximum Weight a Motor Can Lift?

Partl of 2

By Tim Van Milligan

In the last issue, we talked about some of the factors that
make it hard to determine the maximum liftoff weight that a
rocket motor can launch. Thistime, we'll discuss some of the
many different guidelines that modelers have used to solve
this problem.

I've seen 5 different methods. They all seem to work OK.
So I'll let you decide for yourself which method you'd like to
use.

Probably the oldest guidelinel've come acrossisasimple
one. It isto divide the maximum thrust of the motor by 4.

The advantage of this proceedure, and the next oneisthat
you can somewhat predict the maximum lift-off mass prior to
running any simulations.

Method 2, from Bob Dahlquist, is similar to the first
method. But thistime, you don't use the maximum thrust. You
use the average thrust produced during the first part of the
burn -- while the rocket is still accelerating on the launch rod.
Onceyou know this, themax lift-off weight isat least 10 times
less than this average initial thrust. The proceedure for find-
ing this maximum lift-off mass can be found in Bob's article
called Wind Caused |Instability at: http://
www.apogeerockets.com/education/instability.asp

In the next three methods, you'll need to perform mul-
tiple ssimulationsto find the maximum lift-off weight. That is,
you performasimulation, and if it works, you add moreweight.
Then continue this routine until you reach the point where the
simulation fails.

If you follow the discussions on r.m.r. you'll recognize
method number 3. It is posted by long-time modeler Leonard
Fehskens. In this method, the maximum liftoff massis deter-
mined by the minimum lift-off velocity. Basically, the rocket
must |eavethe launch rod with sufficient speed for stableflight.

This method is easy to perform using a program like
RockSim; becauseit will compute theliftoff speed astherocket

clearsthelauncher. It comparesit to the minimum lift-off speed
input by the user. If it does not meet the minimum speed, the
program will automatically tell you something is wrong (see
the detailed flight report for the simulation).
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i Simulation Details
Results
Maxirnum acceleration: Vert: 558.702 Gee's
Maximum velocity: “ert: 90.197 MPH
haxirmum range from launch site: 0.053 Ft.
haxirurm altitude: 985 447 Ft.
Welocity at deployment: 196.795 MPH

Thisis an
Altitude at deployment: 550.796 Ft. unsafe launch!
Launch guide length: 35.000 In.

“elocity at launch guide departure: 21.483 MPH 7
The launch guide was cleared at - 0.275 Seconds

User specified minimum velacity for stable flight: 30.000 MPH
hinimurm velocity for stable flight reached at: B3.727 In.
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The simulation details from RockSim can
give you the results you need to see if the
rocket is leaving the launch pad fast
enough to be stable.

The main drawback of these first three methods is that
none of them take into account the delay of the motor. For
example, they don't differentiate between aD12-3and aD12-
7. But we should al know that the shorter delay can (and
should) be used in higher weight rockets. The next two meth-
ods do take into account the delay of the motor.

The fourth method I've used many times. It has been
around along, long time. You've probably used it too. It isthe
brute force computer simulation method. Basicaly, you per-
form the computer ssmulation and see if the rocket is still go-
ing up when the gection charge fires. If it the rocket is still
traveling upward, you add some weight and repeat the ssmu-
lation. Thiscontinues until the rocket deploysat or within one
second of apogee. It can take numerous simulations if you

didn't pick a good starting point. But eventually, by running )
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( enough simulations, you'll get an answer.

The drawback to thisisthat it does not take into account
the speed at which therocket |eavesthelauncher. Onlow thrust
rockets, it could very well be traveling below the minimum
safe speed when it leaves the launcher. This becomes a major
concernif thereisany wind in the simulation. Then the rocket
will weathercock, and could actually go horizontal.

This is where RockSim really comes in handy. You can
add wind to the simulation, and still perform this brute-force
method. With wind, we know the rocket is going to weather-
cock, and therefore shorten the delay required. Eventualy, we'll
find the maximum weight the motor can lift in the rocket for
the particular delay.

The fifth and final method is another brute-force
proceedure, and is basically similar to the forth method. But
this time, we're given some additional guidelines.

The guidelines will define what is a safe flight.

Long-timerocketeer; Trip Barber, came up with asimple
analytical criteria for evaluating potential safety of a motor/
rocket combination. He was attempting to find out if motor
manufacturers were giving good guidelines in their "Maxi-
mum Recommended Lift-Off Weights' (M.R.L.O.W.). The
proceedure comes from his report: "REPORT TO THE
CHAIMAN, NAR STANDARDS & TESTING COMITTEE ON
A SAFETY ANALYS'S OF MANUFACTURERS RECOM-
MENDED LIFTOFF WIEGHTS FOR MODEL ROCKETS"
By Trip Barber, NAR 4322 (January 9, 1996).

In his report, he defines two safety guidelines:

First:: "Ejection Altitude as a percentage of apogee alti-
tude. Rockets which go 'over the top' and fall to below about
50% of apogee or 10 meters of altitude (whichever is lower)
before gecting are too heavy or too draggy for the motor/de-
lay combination used.” ... "Rockets g ecting prior to reaching
peak altitude could possibly lift a heavier rocket, if
weathercocking is not a problem.”

Second: "Weathercocking asafunction of windspeed. The
elevation angle from the launcher to which the rocket flies by
apogee depends on theratio of itsearly thrust (not necessarily
average thrust) to its weight. Underpowered models move at
low velocities and weathercock more severely in wind than
those with athrust-weight ratio sufficient to give them an ad-
equate velocity at launcher exit. Rockets which weathercock
to apogee elevation angles below 70 degrees (as measured
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from the horizontal) in a10 mph wind, or rocketsthat "prang” )

with ground impact prior to gection in a20 mph wind, prob-
ably have an MRLOW that istoo high."

Thefirst guidelineis pretty obvious. If you perform your
simulation, and the rocket flies past apogee (peak atitude)
and descends more than 10 meters prior to deploying its re-
covery device, then the weight of the rocket is too high for
that motor/delay combination. The reasoning is probably that
if the rocket is coming down fast, it is probably going to strip
its parachute; leading to an unsafe condition.

It isn't obvious, but the second guideline is profound in
its meaning. Thisis the first time that I've seen where we're
given criteria to determine how much weathercocking is too
excessive.

Trip Barber defines an inverted cone, with the point at
the launch site. The half-angle of the cone is 20 degrees.

r—20°
SAFE UNSAFE

This Cone
Defines
Acceptible
Weathercocking

Apogse point
ouiside cone,
so this is
unsafe

Rocket
trajectory

7o°
Rocket
\ trajectory

Trip Barber's guidelines are probably the
best, because it clearly defines acceptible
weathercocking.

Aslong as the apogee point of the trajectory stayswithin
thiscone, itisasafe ascent. If it also meetsthefirst criteria, it
would be a safe flight.

This method also works very well with dynamic stability
features of RockSim. Just runthe simulation, and find therange
and altitude of the rocket at apogee (not deployment). If the
range distance divided by the altitude is less than or equal to
0.363, then the flight falls within Trip's guideline.

Eventhough I likethismethod alot, | would still keep an
eye on the liftoff velocity asthe model leaves the launch rod.
You'll find thisin the detailed report of the simulation.

In conclusion, all of thefive methods have their good and
bad points. All of them are alittle bit subjective. That is, they
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( can be vigorously debated whether or not they are the "end
all," or if their basic assumptions are valid. But they are all
better than a guess -- which is what the MRLOW tables sup-
plied by motor manufacturers are likely to be. So pick your
favorite method, and use it. Just be able to explain which
method you used when you seek permission from the RSO to
launch your next rocket.
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Quest Tomahawk Cruise Missile Scale: 1/3
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 Any Size Rocket.
* Use Any Size Motor.
* Create Assymetric Fin

V=V
Rocket design atiibutes | Rocket design components

Sim # | Resuts | Engines loaded [ Max, Alitude | Max.

ride Flight simulations
ity | Max. Acceleration | Time to apogee | Velocity at deployment | Alttude at deployment | Optimal delay |
Wiles { Hour | Gee's Seconds | MilesfHour | Feet Seconds
0 91.80 14.61 411 14.69 3.36
1 91.17 14.61 4.06 18.32 3.31
2 & (o5 ) 564,20 140,10 556,31
3 L2 [C5Q5 ] 589.75 140.62 12.92 6.07 12.10 584.67 4.44
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Arrangements.

* Print Fin & Ring Templates.

* Find The Best Size
Parachute Or Streamer.
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* Predict Altitude, Speed.
* Simulate Electronic
Staging Events.

* Simulate Dual-Deployment.
* Determine Close-Proximity-
I Recovery Launch Angle.

RockSim Makes Your Rocket Visions Com
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It costs a little more, but
it can save you Hundreds.
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RockSim: Software That Lets You
Design Amazing Rockets!

RockSim is the leading software for designing rockets, and finding out
how high they'll fly. With it, you can:

* Mix Motor Sizes In Cluster
Configurations.

* Display 2D Layouts And
Rotating-3D Images.

* View Annimations Of The
Launch And Recovery.

* Predict Cj and CP.

* Supports Up To 3 Stages
Including Strap-on's.

* Graph Out The Results.

* Export Results To Any
Spreadsheet Program.

* Huge Parts Database.

* Use It To Teach Others
About Rocketry.

* Hold a Virtual Contest

Against Your Friends.

Apogee Components, Inc.
1130 Elkton Drive, Suite A
Colorado Springs, Colorado 80907-8501 USA

Tel: (719) 535-9335 Fax: (719) 534-9050
Web Site: www.ApogeeRockets.com/RockSim.asp
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