PREPARING FOR FLIGHT
FDM Cuts Time to
Prototype Jet Engine
from 1 Year to 6 Weeks.
“With FDM we created an engineering prototype
that perfectly reflected our design intent and
facilitated the complex engine development.”
— Dr. U. Chandrasekhar, GTRE

The Tejas is a lightweight, multi-role jet fighter, developed in India.
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The Gas Turbine Research Establishment (GTRE) of Bangalore, India is a government laboratory whose primary function is
research and development of marine and aeronautic versions of gas turbines. Development of GTRE’s flagship product, the
Kaveri jet engine, was commissioned for the HAL Tejas aircraft, which has an all-terrain capability that spans from hot deserts
to the world’s highest mountain range.
Real Challenge
One of the greatest challenges in designing the Kaveri was positioning its many
piping runs and line replaceable units (LRUs) on the outside of the aircraft. Many
of the LRUs are connected to the interior of the engine with pipes that carry
hydraulic fluid, fuel, and lubricants. It was a major challenge to design each piping
run to minimize length to reduce weight and cost while avoiding interference.
The initial piping layout was created with CAD software, but CAD alone can’t
portray the complex intertwined piping non-ambiguously to all the developers.
“The virtual environment cannot represent the design to the level that we need to
meet our requirements,” says Dr. U. Chandrasekhar, GTRE Group Director. “The
computer comes close, but close isn’t good enough when you are about to make
a decision to invest tens of millions of dollars to bring a new product to market.”
Building an engineering prototype is easier said than done. There are
approximately 2,500 engine components that had to be included in the assembly.
In the past GTRE would have considered building the prototype using CNC
machining. However, using these methods, it would have taken a minimum of
one year and cost an estimated $60,000 to build the physical prototype assembly.

How Did FDM Compare to Traditional
Prototyping Methods for GTRE?
Method

Cost

Lead
Time

Conventional
fabricating

$60,000

12 Months

Direct digital
manufacturing with
FDM

$20,000

1.5 Months

SAVINGS

$40,000
(66%)

10.5 Months
(87.5%)

GTRE also considered stereolithography, but the project was not well-suited for this prototyping method due to excessive
supports needed for components like turbine blades, combustor swirlers, inlet guide vanes and combustors. GTRE also
realized that most conventional rapid prototyping methods would have made it necessary to produce solid pipes which would
have eliminated the possibility of flow testing.

F O R A 3 D W O R L D TM

Real Solution
“FDM technology provided the ideal solution because the supports and interior of hollow
components can be easily dissolved in a water-based solution,” says Dr. Chandrasekhar.
“It allowed us to create the geometry we needed. FDM was also much faster [than
traditional means] because it is possible to combine several parts into assemblies, which
can be produced in a single run.” GTRE also like the fact that FDM creates parts from
real engineering thermoplastics, such as ABS, which allowed them to make high-strength
durable components for the project.
With over 2,500 FDM components, the Kaveri jet engine prototype may well be the most
complex rapid-prototype assembly ever created. It took GTRE only 30 days to produce
all these components from ABS plastic using two FDM-based Fortus machines. It took
another 10 days to assemble the engine. The total cost to produce the FDM assembly
was about $20,000.
Real Benefits
“With FDM we created an engineering prototype that perfectly reflected our design intent
and facilitated the complex engine development,” says Dr. Chandrasekhar. “It enabled
engineers to identify and resolve problems that would have been easy to miss with only
the computer model.” The FDM assembly allowed the design and manufacturing teams
to better understand how the engine components would need to fit together during
manufacturing. In addition, the prototype enabled a number of GTRE’s partners, including
the Indian Air Force, to better understand the engine. The net result was a lighter engine
that took less time to validate and build.
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The Kaveri engine prototype
had 2,500 parts produced via
FDM additive fabrication. The
model helped engineers best
lay out complex piping runs.
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Kaveri engine at Aero India
2007.
GTRE reduced engine
development time by 10
months by using FDM and
created a lighter engine.
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Kaveri engine on test-bed.
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