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1. AUTONOMOUS ROBOTS FOR CONSTRUCTION ACTIVITIES 

Robots have been used for a variety of applications in various industrial 

sectors. Key industrial applications for robots include material handling, robotic 

welding, robotic assembly, as well as robotic processing.  

 A group of researchers from Harvard School of Engineering and Applied 

Sciences (SEAS) and Wyss Institute for Biologically Inspired Engineering at  

Harvard University, USA have created an innovative autonomous robot. The 

system in the new robot eliminates the need for a supervisor or any other form of 

communication for controlling it. Such autonomous robots have the capability to 

cooperate with any number of similar robots by modifying their environment.  

This robot, named TERMES, has demonstrated that collective systems of 

such robots would be able to build a three-dimensional structure without having 

any central command or a prescribed role. The researchers presented the results 

from this project at the American Association for the Advancement of Science 

(AAAS) 2014 meeting, which was held in the USA.  The results were also 

published in the February 2014 edition of the magazine, Science. According to the 

researchers, TERMES robots would be able to build structures such as towers, 

castles, and pyramids made out of foam bricks autonomously. The robots would 

also be able to build staircases that are required for reaching higher levels and 

add bricks for building a structure. With these capabilities, the team believes that 

robots similar to TERMES could be used for laying sandbags in the event of a 

flood or carrying out simple construction work on Mars. Each of the TERMES 

robots used for a particular work would execute the process of building in a 

parallel way with the other robots. This allows the robots to work individually, and 

if one of the robots breaks, it does not affect the other robots or the entire 
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process. This concept also allows any number of robots to execute the same 

operation. The algorithms developed by the Self Organizing System Research 

Group of Harvard University have been employed in this robot, enabling them to 

work as a colony. TERMES robots have been designed in a way that they can 

perform all the key tasks such as carrying blocks, climbing structures and 

attaching blocks. To carry out all the above- mentioned tasks, the robots are 

equipped with four simple types of sensors and three actuators. This design 

structure has made the robot more reliable and robust in addition to simplifying 

the amount of computing that is required for the processor that is fitted on the 

robot. According to the researchers, this robust design significantly reduces the 

number of small-scale errors that might arise in the robots. This can also help in 

detection and correction of errors that might cause the entire system to fail. The 

novel design approach could also be used for improving efficiency and reducing 

failures in other robotic systems. This research was funded and supported by the 

Wyss Institute for Biologically Inspired Engineering at Harvard University. The 

team is currently working on filing the patent for this novel robot and expects it 

to be commercialized by 2015.  

The advantage of this robot is that, the design approach in simple, making 

it easy to detect any errors or failures which could lead to the increased 

performance of the robot. This robot and the other innovative aspects, such as 

the design and the algorithms used, have potential to be adopted in the 

marketplace. once  commercialized.  

Details: Caroline Perry, News Manager, Public Information Officer, Harvard 

School of Engineering and Applied Sciences, 29 Oxford Street, Cambridge, MA 

02138. Phone: 617-496-1351. E-mail: cperry@seas.harvard.edu. URL: 

www.seas.harvard.edu. 

 

2. BRUSHLESS MOTORS FOR FUEL DELIVERY MODULE IN AUTOMOBILES 

Fuel pumps that are employed in automobiles can  use a Fuel Delivery 

Module (FDM) which consists of components that are capable of filtering and 

pumping the gasoline to the engine at a specified pressure and flow rate from the 

fuel tank. The  FDM consists of a reservoir assembly in order to maintain the 

supply of fuel at the inlet of the pump; and the other support components are 

pressure regulators, filters, level sensors in addition to the electrical and 

hydraulic connections that are made to pass through the tank. The conventional 
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systems that are currently available in the market employ passive electrical 

components, such as brush pumps and resistive fuel sensors which are connected 

independently to a control module and voltage supply. There are a few new 

systems that are currently available in the market which have a voltage controller 

for modulating the supply voltage to the pump, depending on the speed and 

design of the engine, thereby increasing the efficiency.  

An innovative FDM that has been developed by Delphi Powertrain Systems, 

Michigan, USA, employs a brushless (BL) motor in the assembly of the pump and 

also consists of an integrated controller in order to provide the electrical 

communication for the motor. The BL motors are said to be more efficient that 

the conventional motors and also the controller in this novel FDM provides a 

closed loop speed control. These two factors in the FDM are said to provide 

significant improvements in terms of the power consumed and reduction in the 

carbon dioxide that is emitted. Other key factors such as durability and reliability 

are also increased in this novel FDM due to the magnetic coupling that is present 

between the stators of the motor and rotor which eliminates the contact between 

them, thereby reducing wear and tear. The integrated controller used in this FDM 

also provides the diagnostics of the pump, such as a sensor signal processing 

circuit present within the assembly of the tank, and the additional performance 

factors of the system. Reduction in noise in addition to the sensorless motor 

speed measurements are some of the other benefits that are obtained using the 

BL controller. The BL controller also compensates for the variations in the 

parameters of the pump and time induced drift. The performance of the system is 

optimized by minimizing the distance from the integrated FDM assembly and the 

BL pump. A control algorithm is also incorporated based on the design of and 

applications of the pump. Factors such as voltage, drive currents, controller 

temperature, and speed of the motor are also monitored by the controller present 

in the FDM. The system shuts down automatically when the variations in the 

above-mentioned parameters are more than the acceptable limits, thereby 

significantly reducing the risk of damage. Engineers have used robust techniques 

and statistical tools in order to derive the ideal solution that is required to meet 

the torque, speed, pressure and flow requirements. The ideal combination was 

derived from various tests that were carried out  in the laboratory using motor 

assemblies. The company is looking to incorporate this novel FDM in all its 

powertrain systems by 2015.  
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The advantage of this FDM is that it provides improvements in terms of the 

power that is used and also reduces the level of carbon dioxide that is emitted. 

Due to the above-mentioned advantages, engines having this FDM technology 

could be adopted on a significant scale.  

Details: Lynn Kier, Senior Communications Manager, Delphi Power Train 

Systems, 5725 Delphi Drive, Troy, Michigan. Phone: 248-732 -0615. E-mail: 

lynn.kier@delphi.com. URL: www.delphi.com. 

 

3. ADDITIVE MANUFACTURING PROCESS FOR PRODUCING TITANIUM 

PARTS 

In recent times, most spacecraft structures are manufactured using 

materials, such as carbon/polymer matrix composites. Titanium alloys are only 

used for a few components, such as brackets, fittings, propulsion tubing lines, 

and support tubes. The metallic brackets that are used in spacecraft applications 

are usually machined from bulk rolled or extruded parts of a specific alloy.  

A group of researchers from Lockheed Martin Space Systems, Denver, CO, 

USA have employed an electron beam melting (EBM)-based additive 

manufacturing process for producing titanium alloy (Ti- 6Al-4V) brackets. These 

alloy brackets were manufactured, surface finished and then tested in order to 

determine the mechanical properties when compared with bulk alloys. Before 

manufacturing the brackets, the computer aided design (CAD) model of each of 

the bracket drawing was developed in order to include the slightly excess surface 

layer necessary for machining in order to achieve a smooth surface. The cost and 

benefit analysis was also performed to calculate the advantages of employing the 

electron beam melting additive manufacturing process for producing components 

that could be used for spacecraft applications in the future. The researchers also 

produced various Ti-6Al-4V rod specimens for carrying out subscale tests to 

measure the mechanical properties. The results have suggested that the average 

material properties were relatively comparable to the wrought alloy. All the 

manufactured parts were also subjected to inspection using non-destructive 

testing methods, thereby ensuring the quality of the finished part. In addition to 

the non-destructive testing, a few component level destructive tests were also 

carried out in order to validate the margin of safety required by the parts to 

survive various load conditions. 
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Ti-6Al-4V is seen as an attractive material for use in spacecraft structures 

as it is light weight and also it has a superior combination of several key 

properties. Some of these key properties are high strength, low density, high 

modulus, low coefficient of thermal expansion and higher thermal operational 

temperature when compared to the aluminum alloys. The researchers also 

conducted a few other experiments to evaluate the use of electro polishing in 

order to obtain an acceptable surface. Products that were manufactured using this 

process were then completely machined to attain the final dimensions in order to 

gain confidence in using the metal additive manufacturing process for producing 

parts that could be used for spacecraft structures. The final results from the 

various experiments have shown that the components produced using this 

process were of high quality and robust. Four sets of the waveguide brackets 

produced using this process were then used in the Juno spacecraft and it was 

seen that the brackets endured successfully to vibration and thermal cycling. The 

titanium alloy parts produced using the additive manufacturing process could be 

used on a significant scale by 2016.  

The advantages of using additive manufacturing for producing titanium 

parts is that the lead time is significantly reduced in addition to increasing the 

productivity rate and quality of the finished product. Due to the above-mentioned 

advantages, this method has the potential to be adopted by industrial sectors, 

such as automotive and aerospace for manufacturing various parts and products.  

Details: Suraj Rawal, Principal Research Scientist, Lockheed Martin Space 

Systems Company, 12257 S Wadsworth Blvd, Littleton, CO 80127. Phone: +1-

303-977-3000. E-mail: suraj.p.rawal@lmco.com. URL: www.lockheedmartin.com. 

 

4. PATENT ANALYSIS OF ULTRASONIC MANUFACTURING PROCESS 

Ultrasonic additive manufacturing is also called ultrasonic consolidation. In 

this process, a delicate welding process is employed to secure strips of metal 

parts together thereby manufacturing a part containing one sheet of a metal. 

Ultrasonic additive manufacturing bonds the metal strips together using the 

ultrasonic welding process, which is solid state welding where a bond is created 

without the metal being melted. The low temperature used in the ultrasonic 

welding process eliminates the brittleness that occurs in the layers of metals that 

are created with other welding processes. This method also allows the metallic 

bonds to be formed between different metals. Once the first layer is 
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manufactured using the ultrasonic additive manufacturing process, the excess 

metals are cut away using a CNC mill, thereby completing the cross section. This 

process is repeated, building the object one layer at a time. The ability of the 

ultrasonic additive manufacturing process to produce structures having multiple 

combinations of metals with tight bonds makes it a highly suitable process for 

manufacturing end use components of high value. The resolution of the metal 

layer for this process is defined by the feedstock of the material and it could be 

as thin as a sheet of paper. Some of the commonly used materials in this process 

are metallic materials, such as nickel, titanium, molybdenum, tantalum, silver, 

stainless steel, and a variety of aluminum alloys.  

The advantages of this process are that the friction caused is significantly 

low and it has rapid cycle times.  Also, ultrasonic additive manufacturing is 

conducive to joining dissimilar metals.  

From the patents that have been exhibited, which pertains to ultrasonic 

additive manufacturing as well as ultrasonic manufacturing and related additive 

manufacturing techniques, it can be seen that research is being carried out on the 

components and techniques that are being used in ultrasonic additive 

manufacturing to enhance the process,  improve the quality of products that are 

produced and reduce the cycle time.   
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Exhibit 1 depicts patents related to the ultrasonic manufacturing process. 

Picture Credit: Frost & Sullivan 
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