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SUGAR SHOT to SPACE

MiniSShot
ProtoSShot-M Short Sta&tocket Motor Project

Report on 9/21/2008 Firing of the “Short Stack” Mobr

Field Operations Participants
Brent Dougherty, Matt Campbell, Chris King, Rick Maschek
(A.K.A. Team Propulsion)

Report Written by Brent Dougherty



Friday 9/20/2008
Brent met with Matt at Matt's house to begin motor assemiblye motor was assembled per assembly document.
The test stand was semi-assembled and all materials, equipnénbas were gathered and loaded for
transportation to the FAR site.

Saturday 9/21/2008
We arrived at the FAR site and began setup. Brent proceeged together the testing rig stand, Chris and Matt
set up the data acquisition equipment and Rick placed theabedtlon the Short Stack Motor.

The test stand was raised and attached to the existingnl\bigla straps. The pressure transducer was attached, a
load cell was placed at the head end of the motor and a tharpleaeas placed on the nozzle. A test igniter was
made consisting of an igniter and a copper thermite mixtiite igniter worked perfectly and another was made
and inserted into the motor with a wood dowel.



Three different cameras were positioned to capture thg fninl effects on the thermal labels. One was placed to
the West, one to the South, and one to the East. dpevter problems with laptop batteries etc., the firinthef
motor was rushed and a load cell amplifier calibration m@sperformed. We should have used Chris' power
supply to run the load cell, but this was forgottentiea bustle of setup. We did use his power supply and
calibration circuitry to run a post calibration of thedoeell amplifier after the event The sensors included
Richard's pressure transducer, the new 1000Ib button lohduoethrough an instrument amp, and a Glitch
Laboratories RDAS temperature board hooked up to a typerhttouple taped to the nozzlé/e gathered into

the safety bunker and a countdown was commenced. The masoignited, came up to pressure and fired
without incident.

Upon inspection of the post-fired motor, we noticed thatahtire test rig had lifted about 8”. Brent noticed some
discoloring of the outside casing surface about mid grathetop grain along with some blistering of the paint.
Upon inspection of the thermal labels, we noticed that norleeo500degree labels had registered a reading, and
some of the lower heat range labels had no readings. Thud tbp motor at the bulkhead had no heat signature
exemplifying that our newly designed cork insulationha bulkhead had worked beautifully.



Below are pictures taken after the motor was fired.

Post-firing Data Analysis
(written by Richard Nakka)

The data acquisition system worked well and good data wasietlit Data collected included pressure transducer
and load cell output, as well as thermocouple output. Tésspre transducer was Omega xxx with a 0.5 to 4.5
VDC output and was interfaced directly to the DATAQ A/Dnheerter. The load cell was an Omega 1000 Ibf.
capacity unit and came with factory calibration numbers to cottverillivolt output to force. The output of the
loadcell was connected to an amplifier, which was then intatfeccthe DATAQ. Unfortunately, due to various
circumstances, the procedure to calibrate the load cell amplifienatadone properly. As such, the load cell
output could not be converted to thrust.

The pressure transducer was calibrated earlier by applyingea sEknown pressures levels and measuring the
voltage output. Conversion of the pressure transducpubwias performed and the results presented in Figure 1
below. The load cell output is plotted on the same chart.
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Figure 1- Recorded chamber pressure and load cell data

As seen in Figure 1, the load cell output curve initialjofes the pressure curve, as expected. However, at peak
output, the curve suddenly dips before once again tendirfglitav the pressure curve. The reason for this
behaviour is presumed to be due to the slippage notdtkinideo of the rocket motor test rig. The entire rig
moved several inches upward due to the thrust force of thern@nce the slack in the nylon straps (holding the
test rig to the vertical post) tightened did the movemaitt fihe reduction in recorded thrust is explained by the
loss of “static equilibrium”, a condition necessary for thedl cell to fully react the applied force.

A brief pressure spike is noted near the end of the thppariod. This is most likely caused by a fragment of
casting tube or other debris being ejected throughdhele.

The shape of the pressure curve is the classic “triangulaiifepoften seen in KNSB motors. The presumed cause
is delayed ignition of the grain ends. It was noted ftbenvideo that start-up was significantly slower than that o
the April firing, despite a similar copper oxide/aluminugmiter being used. The igniter mass for this shorter
motor was approximately 4.5 grams, compared to 10 grandsfoisthe earlier motor. Being a shorter motor, it is
possible that the delayed startup was a result of mucheafjtiiter heat being ejected from the motor without
intended effect.

The characteristic velocity (c-star) was calculated based ooltheihg parameters:

Throat diamete

= 0.549 in.
Throat area = 0.23672 sq.in.
Propellant mass = 2435.8 grams
5.370 Ibs

Sum pressure =

123419 psig



time step = 0.0167sec.

cr = 2917 ft/sec.
c* ideal = 2982 ft/sec.
c*/c*ideal = 0.978

The ratio of actual to ideal c-star was excellent, which igative of good combustion and thermal efficiency of
the motor. This suggests that the propellant ingredieets of good quality and that the preparation and
processing of the propellant was likewise of good quaiityadditional factor that would contribute to good
thermal efficiency was that this motor was highly insulatetisarifered little from heat loss through the nozzle
and casing during operation. This can be seen in the g=agdirthe thermal measurement labels of the motor,
which are summarized in the documBnbtoSShot-M Short Stack Rocket Motor: Thermal Label Mapaind
Results from Static Firing #1

( http://sugarshot.org/ProtoSShot%20Short%20Stack%2@Tdi#s20L abeling%20Map%20No0.1%20results. pdf

In addition to the thermal labels, a k-type thermocouplem@sted on the outside of the nozzle bell, at
approximately midway along the length. The results froomthasurement are shown in Figure 2.
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Figure 2— Nozzle bell temperature readings



Below are pictures from the post firing autopsy of the mar.

The nozzle and forward bulkhead are shown below.

All o-rings were found to be in pristine condition



The inside of the motor is shown below.

The external heating is shown below.

Rick Maschek has investigated the possible presence of séludamage to the fiberglass casing. No sign of
damage was found other than discoloration of the whitet @aitwo isolated spots. Nevertheless, due to the
unexpected heating, we have incorporated some new modifiedtiobe engineered into the MiniSShot motor
design. It is to be noted that this is the exact area weehperienced structural breach during CATO of the
MiniSShot static test conducted in April 2008.

Conclusion

All'in all, we feel that the design and testing of the Sistack motor was a great investment of our time. We
were able to test out the many newly engineered materialsesighdmnodifications made since the static test of
the MiniSShot motor in April 2008. We were able to Hiert familiarize ourselves with the equipment and



assembly procedures involved with a static firing of ggmtotest motor, and the experience was valuable as an
organizational and logistical exercise. We received confirmatfoauccessful application of all of our new
designs pertaining to casting equipment & procedures andrrdesign. We were able to determine that we
would like to add further design changes, and as a gwepre feeling confident in our design and have great
optimism toward a successful static firing of the next gatir of the MiniSShot motor.



