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AIRCRAFT SAFETYTRENDING

  A Southwest Airlines 
technician examines a 
CFM56-7B engine whose 
fan blades have been 
removed, exposing the 
vanes that direct air 
through the engine.

 Southwest Airlines

 How technicians search 
for weakened fan blades
BY TOM RISEN   |   tomr@aiaa.org

T
he fatality in April aboard 
a Southwest Airlines fl ight 
posed a major challenge 
for Southwest Airlines and 
others that fly engines of 

the kind that broke in fl ight, spraying 
debris and causing the deadly cabin de-
pressurization that killed a passenger.

The airlines needed to inspect 
the 24 fan blades on 3,716 engines 
for signs of metal fatigue like the six 
crack lines discovered in the broken 
blade recovered inside the CFM56-7B 
engine after the emergency landing 
in Philadelphia. Southwest said on 
May 17 that it had completed the fan 
blade inspections on the engines on 
its Boeing 737-700 and 800 jets, with 
“no additional findings of subsurface 
cracks.” Earlier, the airline said a few 
blades were sent to GE Aviation, based 
in Ohio, “for further inspections to 
ensure our conclusions.” The CFM56-
7B engines are made by CFM Interna-
tional, the joint venture of GE Aviation and Safran 
Aircraft Engines of France.

The following is how a fan blade inspection un-
folds, according to experts in the field. The engines 
are kept on the wings, and technicians remove and 
clean the 24 titanium fan blades from each engine. 
They look for cracks or flaws with their eyes before 
covering the blades with glycerin, a gel, that trans-
mits the sound from an ultrasound probe to the 
surface of the blade. In fact, glycerin is often one 
of the ingredients in the gel that doctors spread on 
the skin during ultrasound exams, such as those for 
pregnant women.

If there is an irregularity in the fan blade, such 
as a microscopic crack, this shows up on a hand-
held display as a peak in amplitude of the signal 
that echoed from the crack.

The reading must fall within the acceptable 
range set by the calibration standard or the inspector 
will run a separate test in which electromagnetic 
signals are transmitted into metal. These signals 

should form eddy currents. Cracks, however, will 
prevent eddy currents from forming around the 
compromised section. These gaps will show up on 
the device’s voltage display, and the fan blade will 
be set aside and replaced. Such eddy tests require 
attaching separate probes with electromagnetic 
conductor coils to transmit the current.

In the case of the Southwest engines, GE Aviation 
is following up on the suspect blades by conduct-
ing eddy current tests. If an eddy test indicates a 
problem, technicians will cut into a fan blade for 
further inspection.

That can mean cutting a blade in half with a circu-
lar diamond-impregnated saw blade while spraying 
water on it to avoid generating heat, explains Victor 
Sloan, president of Victor Aviation, an FAA-certified 
repair center in California. Sloan has a U.S. patented 
cryogenic nondestructive testing process that exposes 
a fan blade to extreme cold temperatures and then 
reheats them to test for internal metallurgic defects 
and residual stress. ★
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 Drone tech opens door 
to Mars Helicopter 
BY TOM RISEN   |   tomr@aiaa.org

N
ASA’s announcement that it will add a tiny 
helicopter to its planned Mars 2020 rover 
came after a series of test fl ights inside a 
vacuum chamber proved the feasibility of 
adapting consumer drone technologies 

into a craft capable of fl ying in an atmosphere just 
1 percent as dense as Earth’s.

If all goes as planned, the softball-sized, 1.8-kilo-
gram Mars Helicopter will become the fi rst heavier-
than-air vehicle to fl y in another world’s atmosphere. 
The Soviet Union in 1985 fl ew balloons in the skies 
of Venus carrying the Vega 1 and 2 probes to study 
the atmosphere. U.S. scientists and engineers have 
since the 1970s envisioned fl ying fi xed-wing aircraft 
on Mars. A recent proposal was to fold up a glider 
inside a cubesat and detach it from the Mars 2020 
capsule during descent.

The plan announced by NASA in May calls for 
the rover to place the helicopter on the surface after 
it lands in February 2021 and then back away. The 
helicopter will take off for 30 days of fl ights that will 
include numerous takeoffs and landings from the 
Martian surface. 

The closest thing to a science instrument aboard 
the helicopter will be a color camera. “If we are 
successful demonstrating [the helicopter] fl ying 

on Mars this will open the door to future missions, 
a next generation of helicopters designed to carry 
scientifi c instruments,” says Mimi Aung, the project 
manager for the Mars Helicopter at the NASA-funded 
Jet Propulsion Laboratory in California.

The minimalist design was made possible by 
capitalizing on durable lightweight materials, solar 
cells, lithium ion batteries and autonomous fl ight 
software developed for consumer drones, Aung 
says. Manufacturing of the fl ight helicopter is due 
to be completed by the end of the year. NASA JPL 
is building the fuselage and has been working with 
California-based drone maker AeroVironment, which 
is building the landing gear and rotor.

Aung’s team test fl ew a prototype helicopter in 
January in the Twenty-Five Foot Space Simulator at 
JPL. “We took it close to near vacuum and backfi lled 
it with carbon dioxide gas to get to Mars atmospheric 
density,” Aung explains.

The twin, counter-rotating blades of the elec-
tric-powered Mars Helicopter must spin 10 times 
as fast as an average helicopter on Earth to get the 
same lift. 

NASA had also considered the glider concept 
called PRANDTL-M, short for the Preliminary 
Research Aerodynamic Design to Land on 
Mars and a reference to Ludwig Prandtl, who is 
famous for research to reduce drag from wings. 
Al Bowers, the chief scientist at NASA’s Armstrong 
Flight Research Center and the glider project’s 
manager, says his team will propose flying a 
glider as part of a future Mars mission. The glider 
would measure density, pressure and temperature 
of the Martian atmosphere while gliding to the 
surface. 

Bowers says he is “very excited about the heli-
copter project’s potential to open the door to Mars 
aeronautics,” including his own glider.

In the late 1970s, NASA Dryden Flight Research 
Center aerospace engineer Robert Dale Reed de-
signed a hydrazine-propelled plane that would have 
unfolded to fl y on Mars. An earlier gasoline-fueled 
version of Reed’s plane called the Mini-Sniffer test 
fl ew from 1975 to 1977 to study how to measure 
pollution from high altitudes on Earth. ★

UNMANNED SYSTEMSTRENDING

  The Mars Helicopter, 
seen in a screen grab 
from an animated video, 
will travel with the Mars 
2020 rover.
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