
Brief Note on Rapid Prototyping Society of India 
 
Rapid Prototyping Society of India (RPSI) was registered as a not-for-profit professional body in   
2001 under the aegis of the National Design and Research Forum, Bangalore. The primary 
objectives of RPSI  are dissemination of knowledge on Rapid Prototyping (RP) and Rapid 
Tooling technologies to diverse Indian user groups and  creation of a functional network among 
the peer groups. During the past 5 years, RPSI has taken several measures for establishing a 
coercive link among the burgeoning RP user community in India. RPSI brings out focussed 
publications, conducts seminars and technical exhibitions for highlighting the best RP practices in 
industry, research laboratories and academia. 
 
Proliferation of 3D CAD modelling practices in India had a positive impact on the prototyping 
culture of the industries with several of them looking at Rapid Prototyping as an essential and 
logical feature of CAD driven deign cycle. During 1999 - 2006 more than 120 Indian companies 
installed in-house RP systems and several others started seeking the RP services from service 
bureau. The first ever National Symposium on RP was held in Bangalore during October 2001. 
The Symposium was immensely successful in attracting many participants from all over the 
country.  Till date, more than 10 workshops and international / national conferences have been 
organised by RPSI. Its website www.rapidsociety.org provides the relevant details. RPSI also 
published three symposia proceedings and one industry compendium for the benefit of RP 
community of India. 
 
The society is managed by a council consisting of a President, a Vice-president, a Secretary and a 
Treasurer / Executive Convener.  
 
Contact Persons of RPSI: 
 
The governing council of RPSI consists of - 
 
Dr. N. Ramani (President, RPSI), has three decades of rich experience in the Design, 
Development and Manufacturing of automotives. He pioneered the use of Rapid Tooling for the 
limited series production of the internationally famous TVS mopeds and two wheelers. Currently 
he is the Principal of the renowned NTTF School of Postgraduate studies (www.nttfspg.com ). 
Dr. Ramani conducted several workshops across the country for training representatives of 
automotive industry in RP and product development. Phone: +91-80-28393167 and email: 
nramani@usa.net . 
 
Dr. Mukesh Agarwal (Vice President, RPSI), is the CEO of 3D Product Development 
(www.3dpd.net), a company with the proven credentials in the rapid prototyping and tooling. He 
carried out research on laser sintering and LOM at University of Texas. He holds five patents in 
RP technologies and material processing. He research works are published in various national 
international journals. He managed multi-million dollar DARPA projects at Dayton Research 
Institute for US Air force. During last 5 years he has provided RP and allied tooling services 
many industries from defence, aerospace, automotive, consumer good, medical and casting 
domains. Phone: +91-80-25526336 and email info@3dpd.net. 
 
Mr. Nitin Metkar (General Secretary)  has engineering & management degrees and he is an 
expert in the rapid tooling with more than 15 years of experience accrued from the stints at Bajaj 
Auto Limited, Vantico Performance Polymers Pvt. Limited and the world renowned industrial 
design house of DC Designs. His rapid tooling initiatives facilitated the product development 
endeavours of several design houses. Currently he supervises the rapid tooling and specialty 



materials group of M/s Huntsman Advanced Material. Mobile Phone: +91-9820929165 and email 
nitin.metkar@huntsman.com  
 
Mr. U. Chandrasekhar (Executive Convener, RPSI) (rapidchandra@gmail.com) is the in-
charge scientist of Rapid Prototyping Laboratory at Gas Turbine Research Establishment. His 
contributions to the prototyping of aero engines and a host of Defence systems are responsible for 
the upsurge of RP applications in Indian Aerospace industry. He is the Chief-convener for the 
Indian Defence R&D plan for metal prototyping. He successfully organised symposia on Rapid 
Product Development at many centres.  
Contact address:  
U. Chandrasekhar,  
Head RP Laboratory,  
Gas Turbine Research Establishment,  
CV Raman Nagar,  Bangalore – 560 093, India. 
Phone: +91-80-25040737 and email: rapidchandra@gmail.com. 
 
Objectives 
Rapid Prototyping Society of India aims to  
 
• To promote active interaction among “Professionals” engaged and interested in Rapid   
Prototyping and Tooling techniques and their applications. 
 
• To encourage widespread applications of Rapid Prototyping and Tooling in India. 
 
• To undertake as well as actively support research and development and innovation in Rapid 
Prototyping and Tooling. 
 
• To establish information banks and disseminate knowledge on Rapid Prototyping technology 
through education, training courses, workshops, seminars, symposia, visits, lectures, publications, 
audio visuals and other appropriate means. 
 
• To foster excellence and creativity and provide recognition of significant contributions of 
individuals, groups and organizations in Rapid Prototyping and its applications. 
 
• To provide a professional forum for discussion of major issues related to Rapid Prototyping 
such as their economic exploitation, long term conservation, new developments and imaginative 
uses. 
 
• To establish or cause to be established National and Regional facilities and Test Centers for 
research and evaluation of Rapid Prototyping methods. 
 
• To Promote wide Public interest in Rapid Prototyping developments and their potential and in 
information of policies and novel measures appropriate to investments in research, development 
and exploitation of advances in science and technology of Rapid Prototyping  
 
• To encourage interactions and cooperation internationally with other societies and organizations 
engaged in furtherance of Rapid Prototyping. 
 
AFFILIATIONS OF RPSI 
 
The RPSI is affiliated to the following professional associations. 



 
The Indian Institution of Engineers (India) 
This is the largest body of professional qualified Engineers of India with a membership base of 
more than 100 000 and this professional body has separate chapters for various disciplines of 
engineering. RPSI is formulated under a chapter called the National Design & Research Forum. 
 
Indian Institution of Production Engineers (IIPE)  
 
IIPE provides a common platform for exchange of information for practicing engineers in various 
aspects of manufacturing engineering, CAM, CIM, Robotics, Automated Manufacturing, CAPP 
and manufacturing innovations. 
 
 
Events Organised by RPSI 

Indo-US workshop on Rapid Manufacturing (2006) 
An Indo-US Workshop on Rapid Manufacturing was held at Bangalore International Centre 
during April 17-19, 2006 with the support of Indo-US Science and Technology Forum (Indo-US 
STF), a wing of department of Science and Technology (DST). The event was jointly organised 
IIT Bombay, IISc Bangalore, DIAS Bangalore and RPSI, in collaboration with Southern 
Methodist University, Dallas. Indo-US STF funded the visit of 10 leading academic researchers 
each from both the countries and 10 Indian research scholars. A few researchers from US 
industries and over 70 delegates from DRDOs, Government laboratories and several Indian 
industries took part in the proceedings. Tata Technologies,TVS Motors, TVS Lucas, Honeywell, 
GTRE, BEL, SITAR and HAL were some of the organisations participated. Members from 
funding agencies such as DST and TIFAC also attended. The workshop was unique as the focus 
was not knowledge sharing and training, but was ‘networking of people and initiating of projects 
in alignment with project needs’. Each day there were focussed deliberations on the four areas: 
micro-manufacturing, rapid manufacturing in biomedical applications, rapid manufacturing of 
metallic tools and components and rapid manufacturing – general. The participants were urged to 
identify clusters of matching interests and associate themselves. Half a day was devoted to 
parallel sessions on these topics, at the end of which the respective coordinators came up with the 
list of projects and interest groups. Each cluster consists of the academic researchers and industry 
partners from both the countries. They are expected to apply to appropriate funding agencies in 
both the countries and pursue their goals of industrial relevance. Notwithstanding the benefits, 
RM systems, however, are too expensive and complex for small and medium scale industries to 
own and maintain. Therefore, there was general agreement in setting up a National Centre of 
Excellence in Rapid Manufacturing to cater to the needs of these industries all over India to 
support defence, aerospace, automotive and medical applications apart from others.  
 
Workshop on Rapid Prototyping to Rapid Manufacturing 
Between Feb 28th and March 2nd, 2006   the RPSI organized another technical workshop called 
“Rapid Prototyping to Rapid Manufacturing” which focused on the various applications of rapid 
manufacturing techniques. During the workshop, various experts (both academic and corporate) 
from the automotive and aeronautical fields presented different papers focusing on the 
characteristics and applications of Rapid Manufacturing. This three day long workshop focused 
on topics of importance implementing RP for various applications. Some of them include “Rapid 
Casting development by Dr B. Ravi. Dinesh Kumar pal and nagarhunai, Rapid Manufacture: A 
New feature for Rapid prototyping by Ian Gibson and many others. 
 
Seminar on Medical Modelling at NIT-Srinagar 



During February 2005, NIT-Srinagar in association with RPSI held a 3 day seminar on the 
application of rapid prototyping technologies for medical modeling. The technical experts from 
Materialise (MTAB India), IIT-Mumbai, Malar Hospital and NIT- Srinagar demonstrated to the 
participants the use of stereolithogarphy, fused deposition modeling and 3D printing for effective 
bio modeling. Case studies pertaining to the development of customised prosthetics and implants 
using RP, were presented in this event. 
 
International Conference & Exhibition "TEAM TECH 20 04 
RPSI in association with other professional bodies such SID-IISc, IIT-Mumbai, Indian Institute of 
Engineers and Indian Institute of Production engineers organized an international conference and 
exhibition at the prestigious JN Tata Auditorium, IISc, Bangalore during November 2-4, 2004. 
More than 200 companies from Defence, Automotive, Aerospace and other Engineering sectors 
participated in this mega event. More than 20 stalls exhibited the products and solutions of 
international RP system manufacturers and service bureau. The RP industry was represented by 
Stratasys, 3D Systems, Objet, Huntsman, Z-Corp, Materialise, Impact International etc.  
 
RPSI Seminars at VIT-Vellore and Institution of Engineers, Vijayawada 
During 2003, RPSI organized seminars at various centers to promote the application of RP in 
orthopaedics, dentistry and neurosurgery. These events saw active participation of engineers, 
radiologists and surgeons from several different fraternities. These events played the role of 
harbinger in synergic applications of engineering and medical acumen in customized 
development of prosthetic devices in the country.  
 
AU-FRG National Seminar at Chennai 
AU-FRG in association with RPSI conducted a two day National Seminar on Rapid Prototyping 
Technology on 18th and 19th October 2002. About 170 delegates from industry, academia and 
industries participated in the seminar. Speakers from NTTF, GTRE, Stratasys, Sundaram Clayton, 
EOS-India, Roland Corporation, TVS Electronics and AU-FRG made presentations on various 
RP/RT technologies and their applications. A highly interactive panel discussion was conducted 
with Prof. Krishnamurthy, IIT, Chennai as the coordinator, wherein the delegates participated 
enthusiastically. Visit was arranged to RP facilities of AU-FRG Institute. The Vice-Chancellor of 
Anna University during the inaugural talk emphasised the need of updating the product 
development procedures by including advanced technologies like CAD and RP. M/s Roland 
Corporation in association with M/s Vectraform exhibited the table top RP and Reverse 
Engineering Systems. M/s Stratasys exhibited array of prototypes and tools fabricated through 
various FDM systems.  
 
RPSI National Sysmposium 2002  
RPSI National Symposium 2002 was held at Bangalore. The symposium attracted about 250 
registered participants from industries, academic institutes and R&D establishments. Dr. 
V.J.Sundaram was the symposium Chairman. Dr. N.R.Mohanthy, Chairman, HAL gave the 
keynote address. Sri. G.Viswanathan, Chancellor, VIT was the Presiding Dignitary. About 35 
presentations were made by experienced speakers in 8 different sessions. An exclusive session 
was arranged for delineating the applications of RP and RT in Medical field. The symposium had 
technical support from the following establishments. " Craftech Numerics " Nettur Technical & 
Training Foundation " Indian Institute of Technology " Craftech Rapid Technologies " 3D 
Product Development (P) Ltd. " 3D Systems Inc. " Vantico Performance Polymers " Stratasys 
Inc. " MCP Hek GmbH " Materialise (Medical Session) " Empire Machine Tools (3D Systems) 
Representatives of the sponsors made presentations on their systems and services. These 
presentations provided state of the art information on Fused Deposition Modeling, 
Stereolithography, Vacuum Casting, Speciality Polymers and most importantly services in Rapid 



Tooling. Fourteen Companies exhibited their products and systems during the symposium. 
Stratasys provided live demonstration on concept modeling system 'Prodigy'. Materialise gave 
spot presentations on application of Magics for rapid tooling. Vantico and EOS showed various 
rapid tooling options. Ve3d exhibited virtual reality products. Renishaw showcased their reverse 
engineering solutions. Rolta and AutoDesk presented their modeling software's. 3D systems / 
MCP Hek highlighted the synergic Stereolithography and vacuum casting combination in product 
development Craftech and 3DPD delineated their capabilities in RP and RT consultancy / service.  
 
RPSI Delhi Workshop  
The Institution of Engineers (India), Delhi, hosted the workshop on 6th July 2001. Dr. Pradeep 
Chaturvedhi, Chairman, Delhi Centre presided. Dr. V.Indiresan, former Director, IITM was the 
Chief Guest. Dr. V.J.Sundaram, Chairman - BOG-NDRF stressed the importance of RPT in 
reducing the design cycle time and increasing Indian competitiveness in the global context. There 
were 30 participants from, Maruti Udyog, Foot wear Design and Development, LML, Hero 
Honda and Carrier.  
 
RPSI Pune Workshop  
The workshop was held at the Institution of Engineers (India), Pune Local Centre on 30th June 
2001. Dr. A.G.Deshpande, Chairman, Pune Local Centre presided. Shri. P.U.Deshpande 
Distinguished Scientist, Director ARDE delivered the keynote address. There were 60 
participants from ARDE, VRDE, R&D Engineers, Bajaj Tempo, TELCO and Dilip Chabria 
Designs. 
 
RPSI Hyderabad Workshop 
The workshop was held at The Institution of Engineers (India), A.P State Centre on 23rd June 
2001 Shri.G.Prabhakar, Council Member IE (I) presided and Shri. Prahalada, Director, DRDL 
Hyderabad delivered the keynote address. There were 97 participants from the national defence 
R&D oraganisations and public sector engineering organizations such as DRDL, DMRL, RCI, 
BHEL (R&D), CBIT and NTTF (A.P). This workshop primarily focussed on delineation of case 
studies pertaining to the application of RP in design, testing, assembly integration and tooling 
endeavours of defence organisations. 
 
 
Representative Case Studies from Indian RP User Community  
 
SL 
NO TITLE COMMENTS 

1 Bio-modeling and analysis of 
Clubfoot Corrective Procedures 

This case study demonstrates the use of RP in a 
bio modelling and correctives procedures 

2 A Preprocessing Software For Optimal 
Stock Removal in LOM  

Development of new algorithms for Slicing for 
RP process 

3 Rapid Prototyping For Supersonic 
Bluff Bodies 

Experimental study carried out to investigate the 
suitability of RP for aerospace application. 

 
 

Case study 1 

BIOMODELING AND ANALYSIS OF CLUBFOOT CORRECTIVE 

PROCEDURES IN NEW BORN BABIES 



 

Manik Jain, S G Dhande, Vyas Nalinakh and Megha Singh 

IIT Kanpur, India 

INTRODUCTION : 

This paper presents a new technique for infant’s clubfoot correction.  Clubfoot is a congenital foot 

deformity characterized by four distinct components: plantar flexion (equines) of the ankle, adduction 

(varus) of the heel (hindfoot), high arch (cavus) at the midfoot and adduction of the forefoot. While there 

are many theories about the causes of clubfoot, none-have been proven. The technique is oriented towards 

customized ankle foot orthosis (AFO) development that will give guarantee for non-surgical correction of 

clubfoot deformities in infants. The goal of the AFO design is to obtain a lasting correction and to get a foot 

that is functional and cosmetically acceptable. The techniques further gain an added advantage due to the 

availability of medical grade ABS material.  

 

MATERIALS AND METHODOLOGY : 

The first step in the AFO design process is the CT and MRI scanning of the Patients. Hence two patients 

one of age 6 days having bilateral and other of age one month having unilateral clubfoot as referred by 

orthopedic surgeon are taken for foot scanning; the patients are here- after referred to as patient A and B. 

Both the patient’s feet were scanned in diagnostic center and their image data in DICOM format was taken. 

Based on these medical images scanning data, a virtual 3D model of bilateral and unilateral clubfoot of 

both the subject after segmentation, are created using MIMICS s/w (Materialise Belgium) and their .stl file 

along with point cloud data are exported. Using FDM-1650 hardware and INSIGHT s/w of STRATASYS, 

physical 3D- model of the foot is built and is shown in fig.1. For finite element analysis, the point cloud 

data of subject B clubfoot is imported in Imageware surfacer s/w, it is then sampled and curves are fitted. 

The various fitted curves are cleaned and their twists are also removed. The surface is then fitted on this 

cleaned twist free curved model. The surface model is then further cleaned and .igs file of the clubfoot 

surface model is exported [2].The surface model is imported in I-DEAS s/w where various surface patches 

are stitched together and a watertight geometry was created 3]. The .igs file of this clubfoot solid model is 

then exported. Fig 2 represents the solid model of subject B clubfoot [4]. 

MSC PATRAN 2001 r2a version s/w is used for simulation. It is assumed that the infant’s clubfoot is 

completely made up of soft tissues material having Young’s modulus 1MPa and poisons ratio 0.49[5][6]. 

The clubfoot model is idealized as an assemblage of 10-nodel tetrahedral 3D elements topology. The 

elements have three translational degrees of freedom per node. Fig 2 shows the finite element discretization 

of the clubfoot model along with boundary condition having 1713 Tet 10 elements and 2838 nodes. The 

applied loads are W1=30 N, in downward direction at first metatarsal, W2= 30 N, in upward direction at 

the base of fifth metatarsal and W3= 10 N, in lateral direction on heal. 

A special quantitative treatment protocol was established for infant’s clubfoot. The patient was fitted with 

an ankle foot orthosis (AFO). This custom AFO was designed to apply corrective load and torque. 



  

Figure 1. Rapid prototype models of bilateral and unilateral clubfoot. 

 

Figure.2 Solid model and finite element model of clubfoot. 

The custom AFO is fabricated to meet the requirements of a physician prescribing noninvasive treatment of 

clubfoot with an impression to obtain maximum correction using three-point pressure system along with a 

quantitative torques application. Initially, the foot is placed in the AFO and both foot and leg are wrapped 

with foam padding adhered to Velcro and it is fixed in the AFO by applying optimum pressure at three 

point, with the help of Velcro. Skin rash is most often caused by wearing of this AFO this problem is 

alleviated by wearing white cotton socks and to change them periodically. Once the AFO is fixed rigidly on 

the clubfoot, a quantitative torque is applied and is noted down. 

CASE STUDY OF SUBJECT B: 

Under special treatment protocol the subject B, who was initially treated with ponseti method was 

considered for treatment with AFO. At one-month age the observed deformity is shown in fig.1 .The AFO 

was fixed to the Right clubfoot of patient at one month age and initially 10 mm spring displacement was 
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given after one week the spring displacement was increased to 5 mm followed by 5 mm in next week. After 

3 weeks the AFO was taken off and three times (morning, evening & night) physiotherapy was performed. 

Next day again AFO was fixed and a total 30 mm spring displacement was given and the patient was 

observed after 2 weeks followed by this a 10 mm spring displacement was again given. After 3 weeks the 

AFO was again taken off and same earlier physiotherapy procedure was adopted. Next day i.e. at the age of 

2 M (month) 1 week the AFO was fixed and total 50 mm spring displacement was adjusted, the patient was 

called after 3 weeks, the AFO was removed and it was observed that the patients foot was almost corrected, 

later on the parent was advised to wear the AFO only in night and light physiotherapy was performed 2 

times (morning & evening) a day. The patient was kept under observation till the age of 2 Yr. 9 M (month) 

and his foot geometrical measurements (maximum length Lmax, maximum width Wmax and maximum 

circumference Smax) were periodically noted down. The details of measurement are given in Table 1. 

RESULT AND DISCUSSION: 

From Fig.1 of bilateral clubfoot the following visual information are inferred: 

1. Deformity is of severe nature. 

2. On close comparisons it is observed that the Right foot is more deformed then the left foot. 

3. On touching the real foot of patient it was observed that the foot is much stiffer than the normal 

foot. 

4. The tendons and ligaments on lateral side are more elongated while they are much shorter in 

medial side. 

 

Similarly from fig 1 of unilateral clubfoot following observations are made: 

1. The maximum length of the clubfoot (hindfoot to forefoot) is shorter than the normal foot. 

2. The maximum width of the forefoot in clubfoot is more as compared to normal foot. 

3. In clubfoot the heel and toe is twisted inward as compared to normal foot. 

4. Tibia is rotated medially in clubfoot as compared to normal foot. 

5. The ligaments are more elongated on lateral side and shortened on medial side as compared to 

normal foot. 

By anatomic study of biomodel it is also observed that the talus is underdeveloped; the talar neck is 

shortened and deviated in the medial and planter direction. The abnormal position of the talus causes the 

calcaneus to fall into the equines, similarly the navicular is smaller than normal and articulates with the 

medial aspect of the neck of the talus, which forces the forefoot into adducts. 

The maximum displacement of the foot obtained during finite element analysis is 85.6 mm. Also the 

maximum Von Mises stress is found to be 1.20 MPa while its minimum value is 0.00856 MPa. 

 

Sl. 

No. 

Particular Clubfoot Normal foot 



 Age Lmax. 

(mm) 

Wmax 

(mm) 

Smax 

(mm) 

Lmax 

(mm) 

Wmax 

(mm) 

Smax 

(mm) 

 

1. 1M 76 41.5 190 85 41 195 

2. 1M 3week 80 42 194 87 41.5 199 

3. 2M 1week 82 43 200 89.5 43.5 204 

4. 3M 85 44.2 205 91 45.7 209 

5. 1Yr. 110 49 255 112 51 256 

6. 2Yr. 132 56 310 133.5 57 320 

7. 2Yr. 9M 150 61 355 154 62.5 367 

 

Table 1: Measured clinical parameters of unilateral clubfoot. 

From the data of clubfoot measurements of patient B it is observed that, good corrective results had been 

observed and the treatment was resulted in correction not only of the abnormal relationships of the tarsal 

bones, but also of the abnormal shapes of the tarsal bones, which is also confirmed from walking pattern of 

the patient, at the age of 2Yr. 9M, whose GAIT is recorded in the laboratory. The patients had been 

discharged in good condition. 

During Finite Element Analysis the maximal calculated Von Mises stress does not exceed the yield stress 

of soft tissue nevertheless the stress is higher for the baby to sustain, but as the load is applied gradually it 

could be acceptable, depending upon the correction obtained. It is also observed that the maximum 

displacement is much more than the need of 5 cm. [7]. Hence we applied the corresponding load in 

different stages through AFO. 

Three-point pressure system to control hindfoot supination, which includes pressure (P1) above the lateral 

malleolus with counterforce at the medial border of the foot the Velcro strip 1 (Fig 3) is responsible for 

controlling this force. These forces will also restrict the rotation of tibia in medial direction as reported in 

point 4 of unilateral clubfoot result [8]. 

The Velcro strip 2 restrict the medial rotation of the calcaneous as reported in point 3 of unilateral clubfoot 

result, these consists of one laterally directed forces below the lateral malleoulus with counterforce in 

medial direction at medial border of talus. The Velcro strip 3 restricts the cavus of the medial column. 

These consist of one planter direction force at the base of the first metatarsal and a counterforce at the base 

of the fifth metatarsal. 



 
 

Figure 3. AFO and clubfoot with applied forces direction. 

 

From the clinical parameters of unilateral clubfoot of Table (1) it is observed that the clubfoot geometry 

gradually changes towards normal foot geometry, with the increase in time the length and width of the foot 

becomes almost equal to that of the normal foot. This is probably because of the changes in growth 

resulting from the changes in mechanical loading of fast-growing tissues during early age of the baby 

growth [9]. 

 

CONCLUSION: 

Rapid prototyping offers to be a significant clinical tool especially for infant clubfoot patients. The use of 

FDM models can be an enormous help in preoperative planning, communication with colleagues and 

patients parents. This information has been beneficiary to obtain good results in such patients. In future the 

design of the AFO will further be modified based on observations from more case studies. This will result 

in better AFO giving success in clubfoot correction, which was never reported earlier.  

 

CASE  STUDY – 2 

 

OptiLOM - a pre processing software for optimal stock removal in LOM 

K. P.KARUNAKARAN, IIT – Bombay 

 

Introduction 

OptiLOM, is a software that preprocesses the geometric input to LOM so that it is freed from grid 

cutting and decubing. This approach cuts down the model building time to a third. This approach 

was developed by a group of researchers from IIT – Bombay, India under the guidance of Dr. K. 

P. Karunakaran. The idea of OptiLOM was conceived in October 1997 and evolved into a 

marketable product over a period of 5 years. The entire development was the outcome of a 
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synergic integration of several student efforts in the form of their seminars and project works. 

This was executed without any external funding. During the visit of the researcher to 

DaimlerChrysler AG, Stuttgart (Germany) in Summer 2000, he presented the concept to them and 

proved through illustrations generated using AutoCAD and experimented on their Helisys LOM 

RP machine. They were quite impressed with the idea and agreed to support the project by 

allowing the use their LOM RP machine for the experiments. They also supported the visit of 

some students for this purpose. As a result, 3 students visited them in Summer 2001 for 3 months 

and carried out experiments and fine-tuned the software. During their visit, they made several 

parts using the output of OptiLOM. Subsequently, one student visited again for 3 months during 

October – December 2001 to carry out further experiments. During this period, the researcher 

also was in Germany as a Humboldt Fellow. He and DaimlerChrysler could convince Materialise 

NV, Belgium, a popular RP software developer in Europe to join us in this effort and to offer 

technical and marketing support. After signing Confidentiality Agreement among the three 

partners (viz., IIT Bombay, DaimlerChryslerAG and Materialise NV) in October 2001, the 

student was trained by this company in using their polyhedral solid modeling kernel called 

MatKernel. The entire code that was initially based on Parasolid and then on our own STL kernel 

was been rewritten using MatKernel. Hence it became faster and was able to handle huge STL 

files. The Software Distribution and Collaboration Agreement was signed in March 2002. 

OptiLOM was integrated as a module of Magics 8.0 and its Beta version was released on July 19, 

2002. It was finally launched to the market during EuroMold 2002.  

 

Optimal Stock Removal 

At the end of building an object using LOM-RP, one obtains a rectangular block of stock with the 

object buried inside while the remaining stock surrounding and inside the object is in the form of 

tiny tiles. The extraction of the object from its stock has striking similarity with the extraction of a 

casting from its sand mold as shown in Figure 2a. The sand mold is broken arbitrarily to take out 

the casting. Similarly, the LOM object is taken out by breaking the surrounding and inside stock 

which is in the form of tiny tiles. On the other hand, the extraction of an aluminium casting or a 

plastic component from its permanent mold is achieved by opening the molds into two halves. If 

the molded part is quite complex with reentrant features, suitable cores are used which may be 

fixed or movable or removable. The optimal stock removal method proposed in this paper is 

similar to the extraction of a casting from its permanent mold. This involves the identification of 

parting line and surface about which the surrounding stock opens.  Let the object to be produced 

using LOM-RP be O, its convex hull be CH and the block of stock obtained at the end of building 



the object be B. When O is subtracted from CH, one will get a set of n non-manifold pieces {P} = 

{P0, P1, P2,…, Pn-1} called plugs. Any plug Pi is drawable if there exists at least one pair of 

opposite directions along which the plug can be separated from CH without interfering O; 

otherwise, it is undrawable. Let {Pd} and {Pud} be the sets of nd drawable and nud undrawable 

plugs respectively such that n = nd + nud. 

 

A parting line PL of a convex object is a closed silhouette curve lying on its surface. Any convex 

object will have an infinite number of parting lines. Since only polyhedral objects are considered 

in this paper, parting line is represented by an array of points as PL = {p0, p1, p2, …}. The surface 

joining PL with the boundary of B is called parting surface PS. PS will be represented by a set of 

triangles and quadrilaterals in this paper. Any given parting line can have an infinite pairs of 

parting surface and parting direction d where d is a pair of opposite directions along which the 

stock halves can open, i.e., }ˆ,ˆ{ dd -+=d . The proposed method is explained in the following 

processes 9 steps and illustrated in Figure 3.  

 

  

(a) Extraction of casting from a sand mold 
(b) Extraction of casting from a permanent 

mold 

Figure 2 Analogy of Stock Removal in LOM-RP with Extraction of Casting from Its Mold 

 

Step 1: The features such as through holes, blind holes, cutouts, pockets, slots etc. are suppressed 

after creating the corresponding plugs. This is done automatically through feature recognition. 

Occasionally OptiLOM fails to recognize some features which can be interactively handled using 

the GUI. 

 

Step 2:  Calculate the convex hull CH of the object O (Figure 3c). 



 

Step 3: Among the infinite number of PS possible for CH, identify the one that has the least area. 

Let this optimal parting surface be PSopt and the corresponding parting line and direction be PLopt 

and dopt. These are shown in Figure 3d. Interestingly, PSopt is sensitive to the dimensions of B and 

the position and orientation of CH inside B. 

 

Step 4: Subtract CH from B to get the surrounding stock BS. This is shown in Figure 3e. Split BS 

into two stock halves SH1 and SH2 using PSopt. These are shown in Figure 3f. If SH1 and SH2 are 

opened along dopt, CH can be extracted.  

 

Step 5: Subtract O from CH to get {P}. Identify them as nd drawable plugs {Pd} and nud 

undrawable plugs {Pud} (Figure 3g). Each drawable plug will have one or more parting directions 

along which they can be extracted from O. In this illustration, n = 2 and nd = nd = 1. 

 

Step 6: Split each undrawable plug so that the resulting plugs become drawable. Transfer these 

split plugs to {Pd} and delete the corresponding undrawable plug from {Pud} updating the values 

of nd and nud accordingly. In the illustration, the undrawable plug is split into three drawable 

plugs as shown in the Figure 3h. Note that there may be more than one way of splitting an 

undrawable plug and the one that has the least area of the splitting surfaces is to be chosen. 

 

Step 7: Among {Pd}, it is quite possible that some of them may have dopt as one of the parting 

directions. If so, attach such plugs with the corresponding stock half SH1 or SH2 by Boolean 

union operation, delete them from {Pd} and update nd. In the illustration, one among the four 

drawable plugs has dopt as one of its opening directions; hence it is attached to SH2 as shown in 

Figure 3i (Compare this with SH2 of Figure 3f).  

 

Step 8: Pack the O, SH1, SH2 and {Pd} to get a contiguous block which is same as B (Figure 3j). 

Submit this set of packed objects to the LOM-RP machine. In this method, the laser does no grid 

cutting as no material is declared as waste. 

 

Step 9: The stock removal for this is optimal. Open both SH1 and SH2 to get CH. Then, remove 

each of {Pd} along the appropriate directions. Finally O is obtained.  

 



     

(a) Object O 
(b) Stock B with 

object O inside 

(c) Convex hull 

CH 

(d) PSopt, PLopt 

and dopt 

(e) Surrounding 

stock BS 

  
 

  

(f) Stock halves 

SH1 and SH2 
(g) Plugs {P} 

(h) Splitting of 

the undrawable 

plug(s) 

(i) Modified 

stock halves SH1 

and SH2 

(j) Assembly of 

O, SH1, SH2 and 

{Pd} º  B 

Figure 3 Illustration of the Proposed Method for Optimal Stock Removal 

 

Existence of an interference-free parting direction is not guaranteed for a general non-convex 

object and hence the parting lines, surfaces and directions are calculated for its convex hull rather 

than for the object itself. However, this approach does not affect efficiency since some of the 

drawable plugs get attached to one of the stock halves subsequently (Step 6). 

  

CONCLUSIONS 

At the end of building an object in LOM-RP, one obtains a rectangular block of stock with the 

object inside. Conventionally the stock laminates have grid cuts so that the unwanted stock is 

available in the form of tiles. The unwanted stock fragmented this way is removed similar to the 

way a sand mold is broken to extract the casting. Unlike this, an optimal method of stock removal 

has been presented here drawing its analogy with permanent mold casting. This novel method of 

extracting the object from inside its rectangular stock will have minimum cutting on the stock. 

This method drastically reduces the time to build as well as decube the prototypes. This also will 

improve the quality of the prototypes. 

 The optimal algorithm presented in this paper involves combinatorial search at three places, 

viz., 

 

i. Infinite number of PL’s exist for CH (Step 2) 

ii. Infinite number of PS’s and d’s are encountered for each PL (Step 2) 



iii.  Splitting of the undrawable plug into drawable plugs can be done in infinite number of ways 

(Step 5). 

 

In order to obtain results with reasonable time and space complexity under these combinatorial 

situations, some heuristics are used in the implementation. Therefore, the current implementation 

of this algorithm is not optimal but is very efficient compared to the existing method of stock 

removal by grid cutting. 

 

Case Study 3 

RAPID PROTOTYPING FOR SUPERSONIC BLUFF BODIES 

Siva Prasad K, Rathakrishnan E and Dhande S 

�
ABSTRACT 

This paper presents the results of an experimental study carried out to investigate the suitability of 

RP for aerospace application. An RP circular cylinder exposed to very high speed (Mach Number 

2.5) air stream under different levels of expansion has been studied both quantitatively and 

qualitatively. The results demonstrate the use of RP models for  high inertial and impact loading 

is capable of standing the applied load without any permanent or temporary change in its shape or 

surface finish.  

 

View of Experimental Set Up 

 

EXPERIMENTAL SET UP 

The experiments were conducted in the jet facility at High speed Aerodynamics Laboratory, 

Indian Institute of Technology Kanpur, India. Compressed dry air at a predecided stagnation 

pressure was expanded through a Mach 2.5 convergent- divergent nozzle. The RP cylinder 

mounted on a rigid traverse was kept normal to Mach 2.5 jet. The pressure around the cylinder 



was measured using the surface pressure taps in conjunction with a PSI 9010 pressure transducer. 

The flow pattern around the cylinder was visualized using Shadow graph technique.  5.  

 

RESULTS & DISCUSSION 

Measurement of wall pressure distribution at the central plane of a circular cylinder kept normal 

to the flow was made, starting from the stagnation point location, going round the circumference,  

were made at Mach 2.5 and at different levels of expansion. The expansion level of the flow at 

nozzle exit was simulated by running at pre-decided Nozzle Pressure Ratio (NPR). The NPRs 

considered were 4 to 10, in steps of 1. All these NPRs correspond to overexpanded state of the 

flow at nozzle exit. Therefore, an oblique shock cone is generated at the nozzle exit and the flow 

passes through the shock before flowing over the model [4]. This is a typical dynamic loading 

situation, since with increase of NPR, the shock at the nozzle exit becomes progressively weaker 

and thus making the flow passing through that to experience different pressure rise. This kind of 

situation is typical of supersonic decelerating flight mode. The interest here is to study the 

behavior of RP models under these loading conditions. If the shape of the model undergoes a 

permanent change (deshaping or surface finish change), it will be reflected as change in the wave 

structure and drastic variation of the pressure coefficient around the model. If these two things are 

not taking place, the RP can be regarded as an optimum process for aerospace applications 

involving high inertial loading. The variation of CP with angular location from the stagnation 

point (referred to as �  = 00) are presented in figures 1 to 7, for different NPRs. For all NPRs, CP 

at stagnation point is +1, agreeing exactly with the theoretical limit. This can be regarded as a 

validation of the accuracy of the pressures measured. As the flow moves downstream the CP 

decreases rapidly and takes a value of below -3.0, at 450 location for NPR 4. For further 

downstream locations the CP slightly increases and stays around -3.0 up to 1800 which is 

opposite to the forward stagnation point. For the bottom of the cylinder there is symmetrical 

distribution of CP. These results of CP are totally different from what a cylinder can experience 

in subsonic flow. In subsonic flow, the maximum suction is experienced at 900 locations. But in 

the present case, the maximum suction is at 450 locations which is much ahead of subsonic flow 

location. This is because the detached shock positioned ahead of the cylinder makes the flow to 

deviate from the surface, thereby creating severe suction as early as 450 locations. This process 

subject the cylinder in supersonic flow to experience a totally different loading compared to its 

counterpart in subsonic flow. This may cause surface erosion on the forward face of the cylinder 

when exposed to the flow to long duration. Hence, it becomes mandatory to test the RP structure 

by exposing it to supersonic stream of different expansion level to check for surface erosion, 



before certifying for use to such an application. With above theme in mind the cylinder was 

exposed to Mach 2.5 stream of different expansion (NPR). The results for NPR 5 shown in figure 

2 shows CP = +1 at stagnation point in accordance with NPR 4 case, but the suction at 450 has 

become severe and the CP assumes the value of -4.0 for further downstream locations. The values 

of CP continue to remain much below those for NPR 4. This clearly indicates that the level of 

expansion as a dominant role play indicating the CP distribution around the cylinder. 

The results for NPR 6 shows much lower value of about -4.8 at 450 location and the CP, even 

though much below that of NPR 5 case, shows a continuous increase of significant magnitude up 

to the rear point. The results for NPR 7 shows CP = +1 at stagnation point as into the previous 

case. The CP at 450 location shows a higher value than the NPR 6. This is because with increase 

of NPR the shock at the nose moves progressively closer to the body. Therefore, the flow 

deflection angle at the shock comes down and this makes the tendency of the flow to deviate from 

the body to become weaker, rendering the suction to go down. Further, the downstream locations 

the CP marginally increases at lower NPRs. The lack of symmetry for upper and lower parts of 

cylinder may be due to measurement error. The results for NPR 8 are similar to that of NPR 7. 

Here again the maximum suction location is slightly higher than that of NPR 7. The CP further 

downstream is higher than the 450 location. The results for NPR 9 are similar to NPR 8. But for 

NPR 10, the suction at 450 location is significantly increased and is close to -5.0. The CP at 

downstream location is significantly lower than those for NPR 9. The reason for this may be the 

following gas dynamic process. As the NPR increases, the detached shock comes closer to the 

object, also at the nose (near forward stagnation point) it is almost normal. With progressive 

increase of NPR, the extent of increase of normal shock appears to increase. This may cause 

larger deflection at the end of this normal zone where the oblique shock nature begins. This might 

have caused the flow deflection more compared to NPR 9 case, causing large suction.  

 

From the above discussions, it is evident that the structure is continuously subjected to high 

suction right from downstream of forward stagnation point. If the material of the model is soft, 

this kind of loading erodes the surface easily as experienced by any plastic components resulting 

in surface irregularities which will make the flow different from a smooth cylinder. But in the 

present case, even though the RP structure was subjected to high suction repeadly over 

considerable periods of time, the model surface finish was not effected and the experiments were 

repeatable almost 100 % This clearly indicates that the RP is suitable for application involving 

high inertial aerodynamic loading. 

 



FLOW VISUALIZATION 

Mach 2.5 flow over the cylinder was visualized using optical shadowgraph technique, to 

authenticate to the argument presented in the previous discussion, pressure distribution over the 

cylinder. The visualized pictures are given in fig 10 to 16 for different NPRs of the present 

investigation. It is well known that a jet from a supersonic nozzle is influenced very strongly by 

NPR. For a supersonic jet core is defined as the axial extent up to which the supersonic flow 

prevails. The core is usually a region of mixed supersonic and subsonic zones possessing number 

of shock cells in the form of beats as seen in figure 8 to figure 12. At the end of a free shock cell, 

cross over point or mach disk (looking like a normal shock) is positioned, when a cell is 

intercepted by a solid object a detached shock positioned upstream of the object. This detached 

shock is curve and the middle portion around the symmetric axis is closer to a normal shock and 

the rest of the portion transits from normal to oblique shock nature. Therefore, various a severe 

lateral pressure gradient established behind the shock. Due to this pressure gradient to the 

structure kept in the flow field experiences a varying pressure load with maximum at the axial 

location (symmetric axis of the shock). This location is similar to the stagnation point and also in 

the subsonic flow since the flow behind the normal shock always subsonic. Hence the pressure 

coefficient has to be +1 as we found in the previous section. This positive maximum value of the 

pressure coefficient is not influenced by the NPR, even though the shock is pushed to the body 

with increase of NPR. However, the NPR can influence the shock structure and hence the 

pressure downstream of the shock on either side of the normal shock portion of the detached 

shock. A field containing this cylinder and the nozzle and there is no flow is shown in figure 8. 

When the flow is established with NPR 4, the shock cells are formed extends up to the cylinder as 

seen in figure 9. However, the shocks are weak for NPR 5, the shocks become stronger as clearly 

seen in figure 10. The detached shock a head of the cylinder clearly seen before after the second 

shock cell for NPR 6. The first cell has become very long as seen in figure 11 and the detached 

shock is positioned in the second cell itself also the detached shock has moved closer to the 

cylinder for NPR 8. The shocks in the core (cell) have become stronger also the initial oblique 

shock cross over point moved closer to the nozzle. The first cell has become slightly shorter 

hence, the detached shock appear as though positioned at the end of second shock cell. As NPR 

increase to 9, the shocks in the cell assume higher strength and the detached shock is moves 

closer to the object. At the maximum tested NPR of 10, the detached shock is very close to the 

cylinder.  The positioning of the detached shock can play deceives role in the distribution of the 

load on the cylinder since the fluid streamlines experiences limited space to change the direction 

from the original to flow tangential to the cylinder as the shock moves closer to the cylinder. 



These results in shock turning upstream lined to decrease of shock stand off distance. The 

primary of the present study is investigate the suitability of RP to with stand this kind of severe 

loading without any change of their surface finish. As analyzed in the previous section, pressure 

distribution it is found that the RP is capable of taking Mach 3 stream at diffrent NPR with out 

any change in surface finish or shape.      



  

 


