
IOtech •  25971 Cannon Road •  Cleveland, OH 44146 •  (440) 439-4091 •  Fax (440) 439-4093 •  sales@iotech.com •  iotech.com

1

Aerospace

Application Note #84

Aerospace Rocket Engine Testing
using the LogBook 

Application Summary
With the second flight of SpaceShipOne success-
fully going beyond the 62-mile target, Brian Binnie 
claimed the Ansari X Prize for the craft’s designer 
and founder of Scaled Composites, Burt Rutan, and 
Paul Allen, who put more than $20 million into the 
project. Michael Melvill piloted the first flight of the 
privately funded program, the first of its kind to have 
put a civilian test pilot into space. 

Designing and building such a commercial spacecraft 
requires the same kind of contemplation that goes into 
government-funded space programs, such as material 
selection and testing. Extensive testing was required 
of the prototype craft during several stages of develop-
ment. One of the steps was a relatively safe, high-speed 
taxi test. A specially equipped truck accelerated the 
SpaceShipOne elevon down range at almost 90 mph, 
and then abruptly decelerated. Lift was measured with 
different angles of attack of the elevon.

The second step was performed during a glide test. 
That event required additional stress measurements 
on the tail and elevons. And thirdly, in-flight testing 
 included somewhat more critical components, such as 
the feather locks. Failure of these critical components 
could place the craft in a feather mode and quickly 
send it plummeting to the ground.

Potential Solution
In order to acquire critical mechanical and electrical 
measurements during development, a basic data acqui-
sition system was assembled, specifically intended for 
the initial tests. It comprised a custom-built computer 
with external signal conditioning cards, and various 
other boards. It was relatively easy to modify and cus-
tomize for lab tests, but it proved to be unsuitable for 
in-flight tests. The computer was too large and bulky 
to install either permanently or temporarily, and it 
added undue weight to the craft. It was also difficult 
to program and unable to conveniently handle the 
large amounts of data that were needed to be collected 
and analyzed.

IOtech’s Solution
Robert Dallons, engineering technician for the design 
and development group, had the task of finding a 
superior system to take measurements during flight. 
He found that the IOtech LogBook data acquisition 
system fit the application better than the original, 
computer-card based system. Dallons also purchased 
the needed signal conditioning hardware, which 
included a DBK11A high level input card, a DBK16 
strain gage expansion card, and a DBK82 thermocouple 
conditioning cards. 

Major advantages of the LogBook are in its size, weight, 
and power. “The LogBook is considerably smaller 
and lighter than a full-size computer system, and it 
conveniently connects directly to the available low 
voltage dc power commonly used for other systems 
aboard the craft,” says Dallons. “Also, the LogBook is 
faster than the old system and is easier to program.” 
Dallons wrote the required software for data acquisi-
tion and personally took the data. In addition, he 
used Excel® spreadsheet software to acquire the data 

SpaceShipOne photo courtesy of Scaled Composites, LLC.

A White Knight engine made of special composites powers SpaceShipOne, the first 
privately developed spacecraft that won the $10 million Ansari X prize. Controlling 
engine temperature is a critical requirement, which was carried out manually by 
the pilot. The pilot depended on the IOtech Remote Operation Terminal (LBK1) for 
monitoring the temperatures in real time during the flight, and the LogBook data 
acquisition system for capturing pressure, strain, acceleration, and temperatures 
over the craft during test and development phases. 
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in ASCII format, the IOtech-supplied software to convert it from 
binary, and other high-end software for data analysis. LogView 
was used specifically to upload, download, and calibrate the 
system, which worked well.

The most critical measurements included engine temperatures. 
The rocket engines are constructed of epoxy carbon composite 
materials, and although certified safe, they burn longer and run 
hotter as the craft reaches even loftier altitudes. Other  temperature 
measurements included the wing surfaces to  discover the tem-
perature they sustained upon re-entry into the atmosphere. The 
wings are covered with a special thermal protective coating, and 
the measurements are made to ensure that the material can take 
the heat. A thermocouple was placed on the outside protective 
surface coating of the wing, another was located just below the 
coating — the interface between the coating and the composite 
material — and a third measured the temperature on the oppo-
site side of the composite.  Additional thermocouples recorded 
 temperatures under the right wing and fuselage. 

Accelerometers measured up to 5 gs  repeatedly at several differ-
ent angles, which the pilot, Binnie, and the IOtech equipment 
sustained without harm. The pressures and temperatures of the 
oxidizer tanks were continuously logged, and the temperatures 
were constantly monitored during flight with the IOtech Remote 
Operation Terminal (LBK1). Binnie had to watch the oxidizer 

temperatures during the flight and manually adjust the tempera-
ture to obtain optimal performance. 

“The data acquisition system that we had in the space ship was 
pretty important to us, to manage the details of the propulsion 
system,” says Binnie. “To get the right performance out of it, we 
really needed to stay on top of the temperatures and pressures of 
our oxidizer tank, and that was primarily the pilot’s responsibil-
ity — to monitor it on the long, one-hour climb up to altitude. 
We can modulate the heating by engine bleed air heat from 
the White-Knight engines and we use the IOtech LogBook data 
system to give us that feedback. So, basically, we read pressures 
and temperatures and then we called for more or less heat as we 
watched the trends, which we controlled manually. It was really 
important for us to be able to squeeze out all the performance 
of that system that we could.”

Conclusion
Scaled Composites LLC, Mojave, Calif., designed SpaceShipOne, 
the first privately funded, successful space ship to make the more 
than 62-mile trip to outer space. It carried an IOtech LogBook 
data acquisition system on board, which was located just behind 
the pilot, Brian Binnie. Binnie  monitored engine temperatures 
on the IOtech Remote Operation Terminal during the journey 
in order to make fine temperature adjustments and squeeze out 
the maximum performance of the  engine.

LogBook Series

Features
• Operates without a PC at the test site

• 16-bit, 100-kHz analog and digital  sampling

• Compact yet expandable architecture can accommodate over  
400 channels of analog, digital, and frequency I/O

• Stand-alone nonvolatile storage of over 500 million samples  
via removable memory card

• Card swapping and uploading during acquisition allows  
continuous data acquisition

• Communication with PC via RS-232, modem, or a memory card

• Built-in analog inputs support 14  programmable ranges up to 20V

• Synchronous, mixed signal acquisition of analog, digital, and 
counter inputs

• GPS support (LogBook/360 only) logs location information

• Optional control terminal provides channel inspection, and 
acquisition queries

• AC or DC powerable

Signal Conditioning Options
• Expansion cards and modules for high-voltage/current, strain gages, 

thermocouples, isolation, relays, accelerometers, filtering,  simultaneous 
sample & hold, vehicle network measurements, and more

DBK™, LBK1™, LogBook™, LogView™, and Out-of-the-Box™ are the property of IOtech; all other 
trademarks and tradenames are the property of their respective holders. 050104_b.

Software
• Includes LogView Out-of-the-Box software for easy setup, calibration, 

and more – No programming required!

• Simple spreadsheet-style interface provides powerful setup features 
for immediate startup

• Acquisition configurations can be transported to the LogBook via 
the memory card or the included USB cable

• Provides direct support for a wide variety of transducers

• Includes PostView for post- acquisition data viewing

The LogBook/360 data acquisition 
system includes an expansion bay for 
up to three signal conditioning cards

The LogBook combines on-board intelligence and a large capac-
ity removable memory card, with the industry’s easiest and most 
powerful data logging software. Its 16-bit, 100-kHz A/D and trig-
gering capabilities make it ideal for  collecting high and low speed 

 phenomena. A comprehensive array of signal  conditioning expan-
sion cards and modules are offered that allow the LogBook to take 
measurements from virtually any transducer, from thermocouples  
to accelerometers.


