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ABSTRACT 

By the addition of an extra phase in the matrix maily of carbides, the abrasion wear of ductile cast iron can be 

improved. This paper aims to produce carbides in a ductile cast iron which is subsequently austempered, to 

obtain the carbidicaustempered ductile iron (CADI). When the carbidic ductile iron ( CDI )was heated to a 

austenitization temperature of 1000˚C for the period of one hour and then followed by quenching in salt bath at 

temperature range 325˚C for a period of two hours and four hours respectively. Then by using optical 

microscope the characteristics of the produced CADI were evaluated. The abrasion wear resistance was 

evaluated by testing in accordance with ASTM G 99 standard. Carbidic ductile iron (CDI) as-cast samples were 

taken as reference material to determine the relative wear resistance index E.The microstructures of 

carbidicaustempered ductile cast iron are affected by the heat treatment parameters which can be characterized 

by optical microscope, XRD and SEM. 
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I. INTRODUCTION 

 

Due to high tensile strength (over 1600MPa for grades 5 and 1, according to the ASTM A-834-95), 

Austempered Ductile Iron (ADI) has been long recognized. Under different wear mechanism such as rolling 

contact fatigue, adhesion and abrasion [1],[2],[3] ADI performs very well. It  has proved to behave in a different 

manner under abrasive conditions, depending on the tribo system (lower high stress abrasion), if proper heat 

treatment parameters have been selected it is always possible to obtain a good performance in wear.by 

immersing carbides in typical matrix, a new type of DI, called Carbidic DI or CDI has been developed. A new 

type of CDI, containing carbides immersed in the typical ausferriticmatrix, called carbidic ADI or CADI has 

been recently introduced in the market. It is expected to promote increase in abrasion wear resistance due to 

presence of carbides, but on other hand toughness is expected to decrease. There is no such procedure for 

formation of CADI but available literature of CADIshows only application examples and data about the 

response to abrasive wear.CADI is a ductile cast iron containing carbides, (that are induced either thermally or 

mechanically), that is subsequently austempered to produce an ausferritic matrix with an engineered amount of 

carbides. Methods of carbide introductioninclude: As-Cast Carbides: Internal (chemical or inverse) chill: 

Surface chill (limited depth, directional). MechanicallyIntroduced Carbides: Cast-in, crushed MxCy carbides; 
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Cast-in, engineered carbides (shapes).Welded: Hard faceWeldment; Weldment with MxCy grains.[4],[5]. The 

presence of carbides promotes an increase in the abrasion wear resistance. The development of this material is 

possible; if heat treatment parameters, microstructure is controlled properly in order to obtain the maximum 

abrasion resistance. The objective of this work is to produce two variants of CADI, studying their 

microstructural characteristics and evaluating the abrasion resistance. 

 

II. EXPERIMENTAL PROCEDURE 

2.1 Material and Sample Preparation 

The details of the pattern used in the present experiment is shown in figure 1(a) which was made from wooden 

with standard allowances with proper finishing, then by using the prepared wooden pattern a mold is prepared in 

the specified sand in the mold box then after removing the pattern from sand and drying the mold and removing 

the loose sand from mold, then the mold is finished and the mold is ready to pour the molten metal in it, thus the 

standard square casting of 15x15x200mm long, were produced in the green sand mold table1 gives the chemical 

composition of the carbidic ductile iron. Figure 1(a) shows the schematic diagram of the prepared sand mold 

used in the present investigation. The shape and dimensions of the model used to make the moulds for casting 

are shown in Fig. 1(a), it is of near net shape casting test bars of size 15x15x200mm. CADI samples were 

obtained from the same two heats alloyed with Cr after a heat treatment involving an austenitizing stage of 

temperature 1000°C in a muffle furnace for Tg-1h, followed by an austempering step in a salt bath at Ta-325°C 

during quenching time ta-2h,4h. Thus obtained test bars are sliced in 15mm long to test sample for 

microstructural characterization and hardness measurement. The wear samples Sliced of about 15x15x40mm 

long of 8mm diameter cut with EDM wire cut for as-cast, as well as for CADI wear samples preparation, CDI 

samples used as reference material. 

 

Figure 1(a). Sample Casting Green Sand Mould   Figure 1(b). Sample Test Bars 

Table1. Chemical composition of As-cast CDI 

Alloying 

element 

% 

 

C 

 

Si 

 

Mn 

 

S 

 

P 

 

Cr 

 

Cu 

 

Ni 

 

Ti 

 

Mg 

 

CE 

C4 3.6 1.9 0.64 0.0122 0.0294 4.3 0.610 0.431 0.016 0.044 4.23 

 

 

 

 

2.2 Chemical and Micro structural Examination 
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The chemical composition of the alloys was measured by means of a spark emission optic spectrometer with a 

DV6excitation source. Metallographic sample preparation for optical microscopy examination was conducted 

by usingstandard cutting and polishing techniques, and etching with 2% Nital. The volume fraction of carbides 

was measuredby image analyzer. For this purpose, carbides were revealed by etching with 10% ammonium 

persulfate in aqueoussolution. The magnification used to obtain data from a sufficiently large area was 

X20.Each reported value is theaverage of four measurements. 

  

2.3 Mechanical Tests 

Rockwell hardness was measured at 150 kg load (HRC) on C-scale. A hardness profile was obtained for each 

alloy. Inorder to determine the hardness of the carbides and the matrix separately, micro indentation tests were 

carried out byusing a Vickers indenter at a 200g load (HV200). The abrasion wear resistance was evaluated by 

performing the ―Pinon disc Abrasion Test‖ the disc is of diamond ring having hardness of around 3000Hv and 

width of 10mm. Accordingto the ASTM G-99 standard, and using the procedure A (test load 20N, distance 

travelled for 14450meter, at 400rpmand track radius 58mm). The Relative Wear Resistance index, E, was 

obtained as the ratio between the weight lossexperienced by the Carbidic Ductile Iron (CDI) samples, used as 

reference material (WLR), and the CADI samples(WLS), according to Eq. (1). The weight loss values were 

measured by means of a 0.1 mg precision scale. 

E=WLR / WLS ------ (1) 

 

2.4 SEM of CADI Sample 

SEM is done SCANNING ELECTRON MICROSCOPE (SEM),(JEOL 6380A), JEOL JSM-6380A Analytical 

Scanning Electron Microscope on sample at different magnification, by secondary electron and photo 

micrographs are presented in the result. 

 

2.5 XRD of CADI Sample 

XRD is done on the machine X-RAY DIFFRACTO METER (XRD) with online UPS-15KVA MODEL MAKE: 

PHILIPS X-PERT PAN ANLYTICAL, SUPPLIER: M/s SPECTRA TECH (P) LTD MUMBAI, on CADI 

sample with excitation sources of copper k-α at 2θ position and various peaks of ferrite, Chromium iron carbide, 

Iron carbide and austenite are found which are indicated in the results. 

 

III. RESULT AND DISSCUSSIONS 

3.1 Chemical and Microstructural Characterization 

Microstructure in Fig.2(c) shows rare white portion is carbide traces along the grain matrix, Dark spot shows the 

graphite nodule, Dark portion shows Ausferrite, which is conformed through hardness values, White portion in 

dark phase indicate retain austenite and dark line indicate free ferrite. While microstructure in Fig.2(a) shows 

large amount of carbides is formed and dark portion is Ausferrite. Fig.2(b) shows microstructure in which 

carbides are formed in circle form with thick boundries and dark portion is Ausferrite. 
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Fig 2(a) C4 1000ºC-1h 325ºC-2h-200X           Fig 2(b) C4 1000ºC-1h325ºC-4h-200X 

 

Fig 2(c) C4 900ºC-1h 325ºC-2h-500X 

 

3.2 Mechanical Properties 

3.2.1 Hardness Tests 

The Rockwell hardness for 150 kg laod on C-scale was determined for samples C4-325
0
c-2hr and C4-325

0
c-4hr  

bulk hardness was determined as average of three measurements. The bulk hardness of 2 hr sample is 55 HRC 

and bulk hardness of 4 hr sample is 57 HRC.The results of the one austempering temperature and two quenching 

durations in salt bath are determined. The reinforcing effect of carbides increases with the chromium content 

and the reinforcing effect of carbides on hardness was varies with the austempering temperature. The Vickers 

micro hardness was determined as the average of three measurements in each alloy. Carbides are randomly 

precipitated throughout the sample. Micro-hardness on of Carbide phase is found around 700.2HV200 to 

836.2HV200 for 2 hr sample and 684.2HV200 to 753.4HV200 for 4 hr sample. From the wear resistance results, 

it is observed as the hardness decreased the wear increased and hardness increased the wear decreased. 

3.2.2 Scanning Electron Microscope 

SEM of Fig.3(a) shows more grey portion is carbides while grey portion in small pieces is austenite and dark 

line indicates ferrite. In Fig3(b) the amount of carbides is reduced and this carbides are induced into Ausferrite. 

Fig.3(c) large amount of carbides are formed and dark spot is grapfite nodules. 

 

carbides 

Gr. nodules 

Ausferrite 
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Fig 3(a) C4 1000ºC-1h 325ºC-2h-2000XFig 3(b) C4 1000ºC-1h 325ºC-4h-1500X 

 

Fig 3(c) C1 900ºC-1h 325ºC-2h-5000X 

3.2.3 X-Ray Differaction 

XRD of Fig.4(a) shows the peak of Austenite at 200, 222. Iron carbide at 102,031, 221, 222, 322, 251. While 

Fig.4(b) shows the peak of  iron carbide at 102,221,400,303,430 and  chromium iron carbide at 531 planes. The 

XRD in Fig.4(c) shows that the peaks of Austenite at 111,220,311, and ferrite peaks at 110,211,220, and iron 

carbide peaks at 112, 600,103,662, and chromium iron carbide  peaks at 600,662  plane. 

 

Carbides 

 

Ausferrite 

 

Gr. nodules 

Carbides 



 

1013 | P a g e  

 

Fig 4(a) C4 1000ºC-1h 325ºC-2hFig 4(b) C4 1000ºC-1h 325ºC-4h 
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Fig 4(c) C4 900ºC-1h 325ºC-2h 

3.2.4 Wear Resistance 

The Pin on disc wear test is conducted in accordance with ASTM G-99 standard. The weight loss values for 

CADI samples measured on pin of 8mm diameter 40mm long and Diamond ring Disc.Weight loss is the 

functions of the chromium content, carbon equivalent, austempering heat treatment parameters and 

microstructure matrix .The Maximum wear resistance is obtained on sample C4 1000ºC-1h 325ºC-4h as its 

weight loss is minimum.Austempering at 325ºC-4h  the reinforcement effect of carbide and ausferrite is 

matched to the hardness values which are higher, reported in the graph of figure 5 and accordingly the wear 

resistance is more, which is indicated in Table 2. 
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Table 2, Pin on disc Wear testing results of various CADI 

Sample Name Weight loss in gram 

C4 900 ºC -1h 325 ºC -2h 0.052 

C4 1000 ºC-1h 325 ºC-2h 0.078 

C4 1000 ºC-1h 325 ºC-4h 0.013 
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Fig.5 Wear Resistance is Maximum at C4 1000 ºC-1h 325 ºC-2h 

 

IV. APPLICATIONS OF CADI IN REAL PARTS 

 

The application of CADI under ideal conditions, Material handling equipments, like conveyor, chute, In power 

plant Ash handling equipment, cattle feed extruder, cam shaft of IC Engine, Earth mover component, soil 

aerator, centrifugal pump component, cylinder liner, agricultural and mining machinery[13], Equipment bucket 

loader, pipes the use of a material for a new application should be evaluated through field tests, even with their 

associated difficulties such as higher cost, sample tracking, machine shut downs, etc. The performance of wheel 

loader bucket protection plates made of CADI containing 1.0 and 2.0% Cr and austempered at 300ºC is 

currently being assessed by field tests, using a conventional ADI also austempered at 300ºC as reference 

material. This type of solicitation was deliberately chosen in order to get abrasive conditions different to that 

evaluated in the lab[13]. 

 

V. CONCLUSION 

 

It is possible to obtain Carbidic ADI (CADI) with different amount of carbides using Cr as the main alloying 

element. The carbide contents are obtained by alloying with Cr between 2 and 2.5%. All most all carbide was 

stable during the austenitizing stage of the austempering and the amount of dissolved carbides was nil and 

negligible. The presence of carbides in the microstructure increase the wear resistance, after austempering the 

wear resistance was increased, this is due to reinforced matrix of three phase’s ferrite, ausferrite and carbides. 

Under the present experimental conditions in the alloys containing 2.17% Cr precipitates the thick circular form 
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carbides significant reinforcement of the matrix with respect to abrasion. The highest wear resistance was 

obtained for sample C1 1000ºC-1h 325ºC-4h, with the chromium content (2.17% Cr) and CE=2.29 the 

austempering temperature (325ºC-4hr).  
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ABSTRACT 

 This paper represents the necessity of satellite broadband communication system and application of wireless 

ATM protocol in a mobile satellite communication network. The technical challenges for future broadband 

satellite systems will be to assure seamless integration between satellite and wireless systems and without 

compromising Quality of Service (QoS). In the context of Internet access technologies, satellite networks have 

traditionally been considered for especial purposes or as a backup technology for users not reached by 

traditional access networks, such as 3G, cable or ADSL etc. This paper mainly focuses on the requirement of 

satellite broadband systems in the time frame of end-20th Century to mid-21st Century, the challenges and 

limitation faced by this technology by proposing various solutions and this paper presents the architecture and 

performance studies of demonstrations of broadband network interconnection using ATM via satellite. 

 

Keywords: FCC (Federal Communications Commission), ITU, ATM (Asynchronous Transfer 

Mode), WATM (Wireless ATM Network), MAC (Medium Access Control), B-ISDN.  

 

I. INTRODUCTİON  

 

Broadband Satellite communication plays a crucial role in the global telecommunications system. The rapid 

globalization of the telecommunication industry and the exponential evolution of the Internet are placing 

inexorable demands on global telecommunications. In the past years, satellite communications technology has 

been continuously evolving especially in the direction of providing broadband services. Satellite network‟s 

broadcasting capacity and bandwidth flexibility provides a broad range of coverage throughout the globe. 

Satellite‟s traditional role has been to deliver primary service to geographic areas where terrestrial 

communications don‟t – or can‟t – exist. Satellite communications networks offer many possibilities and 

opportunities in bridging the digital divide and spanning broadband services to remote sites.  

The continued growth in demand for fast Internet access and multimedia services provides a basis for the 

development of broadband satellite systems despite the recent global economic decline. Using a fixed satellite 

dish and a PC card, it is possible to establish a direct home-to-satellite link in order to benefit from a range of 

services including TV on PC, fast Internet access, multicasting (where multimedia content (news, music, video, 

scientific data) is distributed to dedicated user groups). Geostationary orbit slots have been filled up by C-band 

(6/4 GHz) and Ku-band (14/12 GHz) satellite systems. Therefore, in recent years, attempts have been made to 

make use of the high-capacity offered by the Ka-band (30/20 GHz). After a number of successful technology 

demonstration satellite missions, Ka-band system applications involving hundreds of GSO (Geostationary Orbit) 
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and NGSO (Non Geostationary Orbit) satellites were filed with the International Telecommunications Union 

(ITU) [1]-[2].  

Therefore telecommunication industries planning to invest large amount of money for providing satellite based 

broadband services. The main challenge for Satellite broadband system is to harmonize the development of 

broadband wireless systems with B-ISDN/ATM, and offer similar advanced multimedia, multiservice features 

for the support of time sensitive voice communications, LAN data traffic, video, and desktop multimedia 

applications to the wireless user. Satellite ATM network model can be viewed as a solution for next-generation 

personal communication networks, or a wireless extension of the B-ISDN networks. The demand for more 

bandwidth increases day by day with the continuing innovation and development of satellite technology, which 

ensures the long-term viability of the commercial satellite industry expansion into the 21st century.  

 

II. OVERVIEW 

 

In telecommunications, broadband is wide bandwidth data transmission with an ability to simultaneously 

transport multiple signals and traffic types [3]. The US Federal Communications Commission (FCC) definition 

of broadband is 4.0 Mbit/s. The Organization of Economic Co-operation and Development (OECD) has defined 

broadband as 256 Kbit/s in at least one direction and this bit rate is the most common baseline that is marketed 

as "broadband" around the world [4]. Not everyone is able to access DSL (Digital Subscriber Line) or cable 

service, particularly in rural areas, where the subscribers may not be well served by the phone center. For those 

left out, satellite broadband can be the answer. Typically, a two-way Internet access via satellites rather than 

dial-up, capable of delivering speeds equal to or greater than 2 Mbit/s downstream, and 1 Mbit/s upstream 

would fall in the category of satellite broadband [5].  

Satellite broadband is a broadband internet connection made via communications satellites instead of a 

telephone land line or other terrestrial means. Broadband satellite networks are being advanced to convey bursty 

Internet and multimedia  

traffic in addition to the traditional circuit-switched traffic (mainly voice) on a global basis. These satellites 

accommodate direct network access for personal applications as well as interconnectivity to the terrestrial 

remote network segments. Satellites have a natural broadcast adequacy and thus expedite multicast 

communication. Finally, satellite links can accommodate bandwidth on demand by using Demand Assignment 

Multiple Access (DAMA) techniques.  
 

 

III. SATELLITE ATM NETWORK MODEL 

 

Figure 1 illustrates a satellite-ATM network model represented by a ground segment, a space segment, and a 

network control segment. The ground segment consists of ATM networks which may be further connected to 

other legacy networks. The network control center (NCC) performs various management and resource allocation 

functions for the satellite media. Inter-satellite crosslinks in the space segment provide seamless global 

connectivity via the satellite constellation. The network allows the transmission of ATM cells over satellite, 

multiplexes and demultiplexes ATM cell streams for uplinks, downlinks, and interfaces to interconnect ATM 

networks as well as legacy LANs. The satellite-ATM network consists of a satellite-ATM interface device 

connecting the ATM network to the satellite system. This interface is used for resource allocation, call control, 
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error control traffic control etc. [6]. Satellite systems can be used in hybrid architectures as alternative, 

redundant systems to ensure the continuity of the telecommunication services for critical infrastructures. 

Integrated solutions are already provided by GILAT and CISCO using Very Small Aperture Terminals (VSATs) 

[7], or by Hugues [8].  

 

Fig. 1. Satellite-ATM Network Model [6] 

Due to the success of ATM on wired networks, wireless ATM (WATM) is a direct result of the ATM 

"everywhere" movement. WATM can be viewed as a solution for next-generation personal communication 

networks, or a wireless extension of the B-ISDN networks. satellites can play a major role in the expansion of 

digital telecommunications at the national level and at the worldwide level by standardize the architectures and 

implementation processes of satellite networks using ATM, because ATM technology accommodate quality of 

service based networks that support voice, video and data applications WATM has the potential to bring 

wireless networks a new generation. Both ATM and wireless communities have put a lot of attention on 

Wireless ATM.  

 

IV. CHALLENGES AND LIMITATIONS 
 

 

a) Signal Latency: The round trip latency of a geostationary satellite communications network is almost 20 

times that of a terrestrial based network [10]. Latency refers to time interval or delay takes a data packet to 

travel from one node to another. In other contexts, when a data packet is transmitted and returned back to its 

source, the total time for the round trip is known as latency. The dilemma often affiliate with satellite broadband 

is the high-latency that is caused by the long distances (up to a satellite in geo-stationary orbit) that the 

broadband signal has to travel. This high latency limits the use of many real-time applications which are often 

seen as one of the benefits of a broadband connection. Latency problems is minimized through spoofing, 

caching TCP/IP acceleration.  
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b) Line of sight: Satellite broadband requires completely clear line of sight between the dish and the satellite 

orbiting above earth, for the system to work. In addition to the signal being susceptible to absorption and 

scattering by moisture, the signal is similarly impacted by the presence of trees and other vegetation in the path 

of the signal. The signal may be diffracted, refracted, reflected, or absorbed by atmosphere and obstructions 

with material and generally cannot travel over the horizon or behind obstacles. This limitation can be overcome 

by proper designing of satellite ATM infrastructure.  

c) Interference: Satellite communications are affected by moisture and various forms of precipitation (such as 

rain or snow) in the signal path between end users or ground stations and the satellite being utilized. This 

interference with the signal is known as rain fade. The effects are less pronounced on the lower frequency 'L' 

and 'C' bands, but can become quite severe on the higher frequency 'Ku' and 'Ka' band. Rain margins are the 

extra communication link requirements needed to account for signal degradations due to moisture and 

precipitation, and are of acute importance on all systems operating at frequencies over 10 GHz [9]. Interference 

problems can be minimized by using larger satellite communication dish which will definitely help to 

accumulate more of the satellite signal on the downlink and also to accommodate a stronger signal on upper 

link. In other words larger parabolic reflector can be used to increase the overall channel gain and signal-to-

noise ratio, which accord for greater signal loss due to rain fade without the S/N ratio descend below its 

minimum threshold for effective communication.  

d) Capacity Limitations: spectrum used by Satellite broadband communication system is limited and it is shared 

by all satellite network users. As more customers are added or if the existing customers begin to utilize more 

capacity,  exhaustion of satellite capacity can become a significant issue. Therefore there are so many efforts 

have been made to make use of high-capacity offered by the Ka-band (30/20 GHz).  

 

V. MODERN SATELLITE NETWORKS 

 

Next generation satellites will no longer act as "bent pipes"; they would associate Inter-Satellite Links, on board 

switching, more power, and larger-aperture antennas that will enable satellites to handle more bandwidth, data 

buffering and signal processing. The 1990's have been characterized by the trend of reaching the end user with 

DTH (Direct to Home) satellite services.it is expected that in future communication satellites are expected to 

play an important role in providing global PCS (Personal Communication Services). With the advancements in 

performance of satellite receivers and decreasing cost, satellite receivers equipped with dish antennas are now 

becoming a household commodity. Satellites are the best option for universal access for data services as they 

solve the main hindrance towards this goal, namely distance.it is expected that Design of next generation 

satellite networks (the so called 3rd generation satellites) is highly influenced by the global trend of user instead 

of network oriented services. Due to the accelerated advancements in the cellular market, the telecommunication 

industry is planning to invest large amount of money in Mobile Satellite Services (MSS).This type of service 

requires;  

 Low power and simple user terminals.  

 Interconnectivity with the ground cellular network and PSTN (Public Switched Telephone Network).  

 Satellite constellations that provide global coverage with possibly some allowance for diversity.  

 Onboard signal processing, baseband amplification and switching.  

 Inter satellite links and handoffs for LEO.  
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 Data security and authentication.  

 Dynamic channel access schemes to support a variety of applications and higher layer protocols.  

Quite a few of the above performance requirements go in favor of "Small" and "Big" LEO satellites. The lower 

altitude of LEO satellites allows simpler receivers due to smaller attenuation, lesser propagation delays and also 

allows easy launch (a high altitude aircraft can accomplish the launch). Due to these reasons, LEO satellites are 

becoming a candidate (though some systems use MEO satellites) choice for providing network services. On the 

downside, the spot beam property results in constellations that need a large number of LEO satellites) for global 

coverage. Managing and coordinating this large number of earth stations as well as complex handover schemes 

between satellites is a major drawback for LEO systems. On the other hand GEO satellites can provide both 

large and narrow footprints with multiple transponders. This combined with the ability to switch data between 

spot beams are the major factors that go in favour of GEO system [10]  

 

VI . CONCLUSION 

 

Nowadays satellite network has become fortitude for communication in various fields like military services, 

mobile networks, internet etc. The role of satellites is changing from the traditional telephony and TV broadcast 

services to user oriented data services. This trend is expected to continue in the future. Due to this reason, 3rd 

generation MSS will use smart satellites that will incorporate functions such as switching, buffering and beam 

switching in addition to signal reproduction. Modern Broadband satellites networks systems will use on-board 

processing and ATM and/or "ATM-like" switching to accommodate two-way communications. There are 

several limitations and challenges which are needed to be overcome by using various methodologies as 

discussed in the paper by exploring new possibilities. Small and large LEO constellations are expected to 

become a candidate in the cellular market. At the same time the popularity of GEO systems is not expected to 

diminish. In order to meet the increasing demand for real time traffic, channel access and link layer protocols 

will have to be optimized to ensure smooth operation over the satellite channel. The conclusion presents an 

opinion about need and the future of broadband satellite networks. 
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ABSTRACT  - The abrasion wear resistance of ductile cast iron is improved by the incorporation of an extra 

phase in the matrix, typically consist of carbides. The objective of the present work is to produce carbides in a 

ductile cast iron which is subsequently austempered, to obtain the carbidic austempered ductile iron (CADI). 

Two variants of (CADI) were produced by heating carbidic ductile iron (CDI) to a austenitization temperature 

of 1000ºC for the period of 1hr and quenching in salt bath at temperature range 325ºC for the period of  2hr, and 

4hr. The microstructural characteristics of the produced CADI were evaluated by optical microscope. The 

abrasion wear resistance was evaluated by testing in accordance with ASTM G 99 standard. Heat treatment 

parameters affect the microstructure of the carbidic austempered ductile iron which can be characterized by 

optical microscope, XRD and SEM. 

 

Keywords: Austempering, Carbidic austempered ductile iron, Microstructure, Optical microscope, SEM, XRD. 

 

1. INTRODUCTION 

Austempered Ductile Iron (ADI) has been long recognized for its high tensile strength (over 1600MPa for 

grades 5 and 1, according to the ASTM A-834-95), replaced forged steels in many applications. It is also well 

known ability of this material to perform very well under different wear mechanisms such as rolling contact 

fatigue, adhesion and abrasion[1],[2],[3] . ADI has proved to behave in a different manner under abrasive 

conditions, depending on the tribosystem (lower high stress abrasion), but always possible to obtain a good 

performance in wear if the heat treatment parameters are selected properly. A new type of DI, containing 

carbides immersed in the typical matrix of DI, called Carbidic DI or CDI has been developed. A new type of 

CDI, containing carbides immersed in the typical ausferritic matrix, called carbidic ADI or CADI has been 

recently introduced in the market. The available literature of CADI shows only application examples and data 

about the response to abrasive wear but not the procedure to produce CADI. CADI is a ductile cast iron 

containing carbides, (that are induced either thermally or mechanically), that is subsequently austempered to 

produce an ausferritic matrix with an engineered amount of carbides. Methods of carbide introduction include: 

As-Cast Carbides: Internal (chemical or inverse) chill: Surface chill (limited depth, directional). Mechanically 

Introduced Carbides: Cast-in, crushed MxCy carbides; Cast-in, engineered carbides (shapes).Welded: Hard face 

Weldment; Weldment with MxCy grains.[4],[5]. The presence of carbides promotes an increase in the abrasion 

wear resistance. The development of this material is possible; if heat treatment parameters, microstructure is 



 

1023 | P a g e  

controlled properly in order to obtain the maximum abrasion resistance. The objective of this work is to produce 

two variants of CADI, studying their microstructural characteristics and evaluating the abrasion resistance. 

 

2. EXPERIMENTAL PROCEDURE 

2.1 Material and Sample Preparation 

The details of the pattern used in the present experiment is shown in figure 1(a) which was made from wooden 

with standard allowances with proper finishing, then by using the prepared wooden pattern a mold is prepared in 

the specified sand in the mold box then after removing the pattern from sand and drying the mold and removing 

the loose sand from mold, then the mold is finished and the mold is ready to pour the molten metal in it, thus the 

standard square casting of 15x15x200mm long, were produced in the green sand mold table1 gives the chemical 

composition of the carbidic ductile iron. Figure 1(a) shows the schematic diagram of the prepared sand mold 

used in the present investigation. The shape and dimensions of the model used to make the moulds for casting 

are shown in Fig. 1(a), it is of near net shape casting test bars of size 15x15x200mm. CADI samples were 

obtained from the same two heats alloyed with Cr after a heat treatment involving an austenitizing stage of 

temperature 1000°C in a muffle furnace for Tg-1h, followed by an austempering step in a salt bath at Ta-325°C 

during quenching time ta-2h,4h. Thus obtained test bars are sliced in 15mm long to test sample for 

microstructural characterization and hardness measurement. The wear samples Sliced of about 15x15x40mm 

long of 8mm diameter cut with EDM wire cut for as-cast, as well as for CADI wear samples preparation, CDI 

samples used as reference material. 

                            

Figure 1(a). Sample casting green sand mould                                 Figure 1(b). Sample Test Bars 

 

Table1. Chemical composition of As-cast CDI 

 

Alloying 

element 

% 

 

C 

 

Si 

 

Mn 

 

S 

 

P 

 

Cr 

 

Cu 

 

Ni 

 

Ti 

 

Mg 

 

CE 

C1 1.6 2.07 0.53 0.006 0.0249 2.17 0.680 0.458 0.008 0.041 2.29 

 

 

2.2 Chemical and Micro structural Examination 

The chemical composition of the alloys was measured by means of a spark emission optic spectrometer with a 

DV6 excitation source. Metallographic sample preparation for optical microscopy examination was conducted 

by using standard cutting and polishing techniques, and etching with 2% Nital. The volume fraction of carbides 
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was measured by image analyzer. For this purpose, carbides were revealed by etching with 10% ammonium 

persulfate in aqueous solution. The magnification used to obtain data from a sufficiently large area was 

X20.Each reported value is the average of four measurements. 

  

2.3 Mechanical Tests 

Rockwell hardness was measured at 150 kg load (HRC) on C-scale. A hardness profile was obtained for each 

alloy. In order to determine the hardness of the carbides and the matrix separately, micro indentation tests were 

carried out by using a Vickers indenter at a 200g load (HV200). The abrasion wear resistance was evaluated by 

performing the ―Pin on disc Abrasion Test‖ the disc is of diamond ring having hardness of around 3000Hv and 

width of 10mm. According to the ASTM G-99 standard, and using the procedure A (test load 20N, distance 

travelled for 14450meter, at 400rpm and track radius 58mm).  

                   

  Fig.2 Show the wear samples of CADI 8mm diameter and counter face wear base plate 

 

2.4 SEM of CADI Sample 

SEM is done SCANNING ELECTRON MICROSCOPE (SEM),(JEOL 6380A), JEOL JSM-6380A Analytical 

Scanning Electron Microscope on sample at different magnification, by secondary electron and photo 

micrographs are presented in the result. 

 

2.5 XRD of CADI Sample 

XRD is done on the machine X-RAY DIFFRACTO METER (XRD) with online UPS-15KVA MODEL MAKE: 

PHILIPS X-PERT PAN ANLYTICAL, SUPPLIER: M/s SPECTRA TECH (P) LTD MUMBAI, on CADI 

sample with excitation sources of copper k-α at 2θ position and various peaks of ferrite, Chromium iron carbide, 

Iron carbide and austenite are found which are indicated in the results. 

 



 

1025 | P a g e  

3. RESULT AND DISSCUSSIONS 

3.1 Chemical and Microstructural Characterization 

Microstructure in Fig.3(c) shows rare white portion is carbide traces along the grain matrix, Dark spot shows the 

graphite nodule, Dark portion shows Ausferrite, which is conformed through hardness values, White portion in 

dark phase indicate retain austenite and dark line indicate free ferrite. While microstructure in Fig.3(a) shows 

large amount of carbides is formed and dark portion is Ausferrite. Fig.3(b) shows microstructure in which 

carbides are formed in circle form with thick boundries and dark portion is Ausferrite. 

 

                

   Fig 3(a) C1 1000ºC-1h 325ºC-2h-200X                        Fig 3(b) C1 1000ºC-1h 325ºC-4h-200X 

 

Fig 3(c) C1 900ºC-1h 325ºC-2h-200X 

3.2 Mechanical properties 

3.2.1 Hardness Tests 

The Rockwell hardness on C-scale was determined for samples C1 bulk hardness was determined as average of 

five measurements. The results of the austempering temperatures and two quenching durations in salt bath are 

determined. The Vickers micro hardness was determined as the average of three measurements in each alloy in a 

region of carbide and ausferrite. Micro-hardness of Carbide phase is found around 600HV200 to 700HV200 and 

for other than Carbide phase i.e for ausferrite around 400HV200 to 500HV200. 

 

 

 

Carbide

s 

Ausferrite 

Gr.  nodule 
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3.2.2 Scanning Electron Microscope 

SEM of Fig.4(a) shows more grey portion is carbides while grey portion in small pieces is austenite and dark 

line indicates ferrite. In Fig.4(b) the amount of carbides is reduced and this carbides are induced into Ausferrite. 

Fig.4(c) large amount of carbides are formed and dark spot is graphite nodules. 

       

   Fig 4(a) C1 1000ºC-1h 325ºC-2h-2500X                 Fig 4(b) C1 1000ºC-1h 325ºC-4h-2500X 

  

 

Fig 4(c) C1 900ºC-1h 325ºC-2h-5000X 

3.2.3 X-Ray Differaction 

XRD of Fig.5(a) shows the peak of Austenite at 200, iron carbide at 102, 031, 412 and ferrite at 200, 211, 220 

and chromium iron carbide at 820 planes. While Fig.5(b) shows the peak of martensite at 101, 200 and austenite 

at 222 and iron carbide at 031, 400, 412 and ferrite at 220 and chromium iron carbide at 531,911 planes. The 

XRD in Fig.5(c) shows that the peaks of Austenite at 200, 311 and ferrite peaks at 110, 200, 211 and iron 

carbide peaks at 112, 221, and martensite at (220) plane. 

  

Carbides 

 

Ausferrite 

 

Gr. nodules 

Carbides 
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            Fig 5(a) C1 1000ºC-1h 325ºC-2h                        Fig 5(b) C1 1000ºC-1h 325ºC-4h 

 

 

            Fig 5(c) C1 900ºC-1h 325ºC-2h 

 

3.2.4 Wear Resistance 

The Pin on disc wear test is conducted in accordance with ASTM G-99 standard. The weight loss values for 

CADI samples measured on pin of 8mm diameter 40mm long and Diamond ring Disc. Weight loss is the 

functions of the chromium content, carbon equivalent, austempering heat treatment parameters and 

microstructure matrix .The Maximum wear resistance is obtained on sample C1 1000ºC-1h 325ºC-4h as its 

weight loss is minimum. Austempering at 325ºC-4h  the reinforcement effect of carbide and ausferrite is 

matched to the hardness values which are higher, reported in the graph of figure 5 and accordingly the wear 

resistance is more, which is indicated in Table 2. Weight loss for sample C1 1000ºC-1h 325ºC-3h is calculated 

with the formula:  

 ……..(1) 

Where,  Y= weight loss in gram(3h) 



 

1028 | P a g e  

              X= time in hour = 3h 

            Y1= weight loss in gram(2h) = 0.090 

            X1= time in hour = 2h 

            Y2= weight loss in gram(4h) = 0.012 

            X2= time in hour = 4h 

Putting this values in eq
n
 1, 

 

Y= 0.045 gm 

Therefore weight loss for sample C1 1000ºC-1h 325ºC-3h is 0.051gm 

            Table 2, Pin on disc Wear testing results of various CADI 

Sample Name Weight loss in gram 

C1 1000 ºC -1h 325 ºC-2h 0.090 

C1 1000 ºC-1h 325 ºC-3h 0.045 

C1 1000 ºC-1h 325 ºC-4h 0.012 

C1 900 ºC-1h 325 ºC -1h 0.0813 

C1 900 ºC-1h 325 ºC -2h 0.054 

C1 900 ºC-1h 325 ºC -3h 0.0379 

 

 

Fig.6 wear resistance is maximum at 325ºC-4h 

 

4. APPLICATIONS OF CADI IN REAL PARTS 

The application of CADI under ideal conditions, Material handling equipments, like conveyor, chute, In power 

plant Ash handling equipment, cattle feed extruder, cam shaft of IC Engine, Earth mover component, soil 
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aerator, centrifugal pump component, cylinder liner, agricultural and mining machinery[13], Equipment bucket 

loader, pipes the use of a material for a new application should be evaluated through field tests, even with their 

associated difficulties such as higher cost, sample tracking, machine shut downs, etc. The performance of wheel 

loader bucket protection plates made of CADI containing 1.0 and 2.0% Cr and austempered at 300ºC is 

currently being assessed by field tests, using a conventional ADI also austempered at 300ºC as reference 

material. This type of solicitation was deliberately chosen in order to get abrasive conditions different to that 

evaluated in the lab [13]. 

 

5. CONCLUSION 

It is possible to obtain Carbidic ADI (CADI) with different amount of carbides using Cr as the main alloying 

element. The carbide contents are obtained by alloying with Cr between 2 and 2.5%. All most all carbide was 

stable during the austenitizing stage of the austempering and the amount of dissolved carbides was nil and 

negligible. The presence of carbides in the microstructure increase the wear resistance, after austempering the 

wear resistance was increased, this is due to reinforced matrix of three phase’s ferrite, ausferrite and carbides. 

Under the present experimental conditions in the alloys containing 2.17% Cr precipitates the thick circular form 

carbides significant reinforcement of the matrix with respect to abrasion. The highest wear resistance was 

obtained for sample C1 1000ºC-1h 325ºC-4h, with the chromium content (2.17% Cr) and CE=2.29 the 

austempering temperature (325ºC-4hr).  
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ABSTRACT 

The aim of the paper is knowledge of damage process which is required for the correct regulation of operation 

conditions for conveyor belt. The aim is to determine conditions caused this type of damage (height of impact 

and weight of material impact). The current trend is to provide weight/cost effective products which meet the 

stringent requirements. The aim of this paper is to study existing conveyor system and optimize the Belt 

speed,Width,Wrapping angle,troughing angle, Pulley diameter and addition of Snub pulley . 

 

Keyword : Belt Conveyor, Idler, Pulley, Failure, Simulation Software(Solid Works),Ansys 

Software. 

 

I. INTRODUCTION 

 

This master of engineering project was carried out at a YASH ENTERPRISES, which produces all types soap 

manufacturing and packaging .Yash enterprises is located in Khamgaon Dist: Buldhana. 

The purpose of this project was to provide a comprehensive knowledge of the basic production process theory of 

designing belt conveyor. The project focuses on choosing the right conveyor belt and suitable components to 

ensure manufacturing of high-quality belt conveyor. The existing problems of the idlers and belt conveyor are 

pointed out and proper solutions are given to make them a longer life. This project helps to improve the 

production by eliminating the various failures and other problem. 

The final aim was to create a modified design to achieve large scale production, of idlers which enhances both 

the efficiency and productivity. In order to help the company to get larger sales market, a plan of designing a 

belt conveyor was carried out, but further research still is needed to make it come true. 

 

II. PROBLEM DEFINITION 

 

The aim of this project is to redesign existing charging belt conveyor system by designing the critical parts (Belt 

capacity,Belt tension,Belt power,Belt width, Shaft, pulley ), to minimize the overall failureor problem of the 

conveyor system and to save considerable amount of material. 
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III. OBJECTIVE OF THE STUDY 

 

The following are the objectives of the study : 

1. Study existing charging belt conveyor system and its design. 

2. Geometric modeling of existing roller conveyor. 

3. To generate parametric model using ANSYS 

4. To carry out linear static, modal, transient and optimization analysis of existing roller conveyor. 

5. Modification of critical conveyor parameters for system optimization. 

6. To carry out Analysis of Modified design for same loading condition. 

7. Recommendation of new solution for system optimization. 

 

IV. SCOPE OF PRESENT STUDY 

 

1. Check design of existing conveyor system. 

2. Simulation method applied to optimize parameters troughing angle, belt speed, addition of snub roller, belt 

width and shaft diameter. 

3. ANSYS applied for linear static, modal, transient and optimization analysis. 

4.  Modal Analysis of belt conveyor system 

5. Optimization of conveyor assembly for failure reduction. 

6. Comparison between existing and optimized design. 

 

V. STUDY OF THE EXISTING ASSEMBLY OFCONVEYOR SYSTEM 

 

Fig1:-Existing Design of Charging Belt Conveyor System 

 

5.1 Driving device 

Driving device is the power transmitting mechanism of a belt conveyor. It is made up of an electromotor, 

coupling, reducer and driving pulley and so on. According to different using conditions and working 
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requirements, the drive mode of a belt conveyor can be grouped to single-motor driving, multi-motor driving, 

single-pulley driving, and double-pulley driving and multi-pulley driving.  

Single motor and single pulley driving is adopted by a belt conveyor. The driving device is installed at the 

discharge point which is located at the conveyor head. When the power is big, a single motor and double-pulley 

driving is used, precisely, one motor has two driving pulleys, and the two pulleys are connected by a pair of 

exposed gear which has the same number of teeth.  

The pulleys can be classified into two types: driving pulleys and return pulleys. The belt is driven by friction 

which is produced by pulley’s surface and belt’s surface because of the function of driving pulley, and the 

movement direction of the belt is changed at the same time.  

Driving pulley is the main component of transmitting power. In order to transmitting enough power, enough 

friction must be provided from the belt and pulley. According to the theory of friction transmission, the methods 

of increasing friction between the conveyor belt and the pulley and augmenting the wrap angle can be adopted 

to ensure enough driving power when a driving device needs to be chosen. Usually, when a single pulley is 

used, wrap angle can be 180
0
-240

0
; when double-pulley is used, the wrap angle

 
can reach 360

0
-480

0
. Double-

pulley’s driving can enhance the conveyor’s traction
 
greatly, so it is often used especially when the transport 

distance is long. 
 

Driving pulley’s surface has glossy-faced and rubber-faced types. Rubber-faced pulley can be utilized to 

increase the friction coefficient between the driving pulley and the belt, as well as to reduce the wear of the 

pulley. When the pulley is small, the environment humidity is low, a glossy-faced pulley can be chosen. A 

rubber-faced pulley can be used when the environment humidity is high, power is big, and slip is easy.  

Choosing a right pulley is important. When the belt of a fabric belt core is used, the pulley is chosen on the basis 

of the belt’s thickness. The conveyor belt needs to move around the pulley repeatedly during the working 

process, and bending occurs. When the belt is bent, the external surface is stretched and while the internal 

surface is compressed, the stress and strain of each layer vary. The rubber layers have mechanical fatigue and 

are damaged due to the scaling when the repetitive bending reaches a certain level. The smaller diameter of 

pulley, the bigger the deflection of conveyor belt and the faster the scaling occurs.  

 

5.2 Return Pulley 

A return pulley has three categories: 180
0
. The return pulley’s diameter is

 
related to driving pulley’s diameter 

and the wrap angle that the belt has on the return
 
pulley. Return pulley is a welded-steel plate construction with 

an antifriction bearing.
 

 

5.3 Troughing Plate 

Troughing plate are used to support the belt during conveying the material into the feeder.Troughing platee 

having 550 mm distance from the sdjacent plate for the proper belt alignment.The plate having the trough angle 

is 45
0
. 

The belt conveyor is an endless belt moving over two end pulleys at fixed positions and used for transporting 

material horizontally or at an incline up or down. The main components of a belt conveyor are: 

1. The belt that forms the moving and supporting surface on which the conveyed material rides. It is the 

tractive element.  The belt should be selected considering the material to be transported.  
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2. The idlers, which form the supports for the carrying and return stands of the belt. 

3. The pulleys that support and move the belt and controls its tension. 

4. The drive that imparts power to one or more pulleys to move the belt and its loads. 

5. The structure that supports and maintains the alignments of the idlers and pulleys and support the driving 

machinery. 

6. The trough plate that support the belt for carrying proper amount of material to the feeder. 

7. Belt cleaner that keeps the belt free from materials sticking to the belt. 

8. Surge hopper and feeder,which is essential for supplying material to the conveyor at uniform rate when the 

supply of material is intermittent. 

 

5.4 From Actual Design of Charging Belt Conveyor System, The Following Problem or Failure 

Should be occur- 

1) Belt slips when conveyor is started. 

2) Belt slips while running. 

3) The belt is stalling or jerking. 

4) Excessive top cover wear over entire top surface or in load carrying area. 

5) The covers are hardening and/or cracking. 

6) Transverse breaks in belt at the edge. 

7) Belt runs fine when it’s empty but wont track right when it’s loaded 

 

VI. MODIFIED DESIGN OF THE CHARGING BELT CONVEYOR SYSTEM 

6.1 By Adding Snub Roller and Idlers 

 

Fig2: Modified design of charging belt conveyor system 
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VII. IDLER FUNCTIONS 

7.1 Idlers 

Idler is the supporting device for belt. Idlers move as the belt moves so as to reduce the running resistance of the 

conveyor. Idlers’ qualities depend on the usage of the belt conveyor, particularly the life span of the belt. 

However, the maintenance costs of idlers have become the major part of the conveyor’s operating costs. Hence, 

idlers need to have reasonable structure, durability in use, small ratio of steering resistance, reliability, and dust 

or coal dust cannot get in bearing, due to which the conveyor has a small running resistance, saves energy and 

prolongs the service life. 

 

Fig. 3 Idlers Used on a Belt Conveyor to Support the Belt on the Carrying and Return Strands 

 

VIII.THE FOLLOWING TYPE OF IDLERS ARE USED IN BELT CONVEYOR SYSTEM 

8.1 Impact Idler 

Rubber-cushioned impact idlers are one solution for absorbing impact in the belt’s loading zone. The rubber 

covers absorb some of the energy to provide the benefit of shock absorption. 

One disadvantage of using impact rollers in the load zone is that each idler supports the belt only at the top of 

the roller. No matter how closely spaced, the rounded shape of the roller and the ability of the rubber to deflect 

under the load will allow the conveyor belt to oscillate or sag away from the ideal flat profile. This sag allows 

and encourages the escape or entrapment of fugitive material. The space interval between impact rollers offers 

little protection from tramp materials dropping from above and penetrating the belt. 

 

Fig. 4 Impact Idler 

 

8.2 Carrying Idlers 



 

1036 | P a g e  

Carrying idlers provide support for the belt while it carries the material. They are available in flat or troughed 

designs. The flat design usually consists of a single horizontal roll for use on flat belts, such as belt feeders. 

The troughed idler usually consists of three rolls-one horizontal roll in the center with inclined rolls on either 

size. The angle of the inclined rollers from horizontal is called the trough angle. Typically, all three rolls are 

same length, although there are sets that incorporate a longer center roll and shorter inclined rollers called 

“picking idlers”. This design supplies a larger flat area to carry material while allowing inspection. 

 

8.3 Training Idler 

There are a number of designs for training idlers that work to keep the belt running in the center of the conveyor 

structure. Typically, these idlers are self-aligning: they react to any mistracking of the belt to move into a 

position that will attempt to steer the belt back into the center. They are available for both carrying side and 

return side application. 

Belt-training idlers should never be installed under the carrying side of the belt in the load zone, as they sit 

higher than the adjacent regular carrying idlers and raise the belt as they swivel. 

TRANSITION: These idlers ease the belt from a troughed configuration to the flat pulley surface. Reducing 

stress in the outer belt edges. 

 

8.4 Return Idler 

Return idlers provide support for the belt on its way back to the loading zone after unloading cargo. These idlers 

normally consist of a single horizontal roll hung from the undesirable of the conveyor  stringers-return idlers, 

incorporating two  smaller rolls, are sometimes installed to improve belt tracking. 

 

8.5 Idler Spacing 

The spacing between the rolling components has a dramatic effect on the idler support and shaping missions. 

Idlers placed too far apart will not properly support the belt nor enable it to maintain the desired profile. Placing 

idlers too close together will improve belt support and profile, but will increase conveyor construction costs and 

may lead to an increase in the conveyor’s power consumption. 

The spacing of return idlers is determined by belt weight, because no other load is supported by these idlers and 

sag related spillage is not a problem on this side of the conveyor. Typical return idler spacing is3 meters. 

 

IX. ANALYSIS OF CHARING BELT CONVEYOR STSTEM: 

9.1 For Actual Design 

1) LOAD ANALYSIS (STRESS ANALYSIS) 

  Stressɓ =         ………… 

Maximum tension in the belt, Tmax=T1+Tc 

   T1=Tension in tight side taken from design section=328.95 KN 

  Tc=Centrifugal tension of the belt can be calculated as,=mv 

m=Area×length×density   =b×t×l×ρ =0.55×0.05×18.040×1220=605.242Kg=5937.42 N 

V= = =2.09 m/sec 

Tc=12.409KN 
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Tmax=T1+Tc=328.95+12.409=341.359 KN 

Stress= =12413054.55N/m
2
 =12.41×  N/m

2
=12.41 Mpa 

 

Fig5:Geometry of Actual Design                      Fig6:  Boundry Condion of Actual Design 

 

                                    

Fig7: Stress of Actual Design 

 

X. MODIFIED DESIGN OF THE CHARGING BELT CONVEYOR SYSTEM 

 

1)By adding snub roller and idlers for increasing the wrap angle between belt and pulley. 

Calculate stress developed in the belt with modified design by adding snub roller , 

  Stressɓ =  

Maximum tension in the belt, 

  T1=291.48 KN                                                Tc=12.409KN 

Tmax=T1+Tc=303.889 KN 

Stressɓ=11.05×  N/m
2
 

Stressɓ=11.05 Mpa 
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Fig8: Boundry Condition of Modified Design       Fig9: Meshing Model of Modified Design 

 

Fig10: Geometry of Modified Design             Fig11: Stress of Modified Design 

 

XI. SOLUTIONS SUGGESTED 

 

After completion of the project various suggestion were made to the company regarding the design and 

operation of the conveyor belt system 

1. It was advised to use the impact, transition, trainingand carrier roller idlers in the conveyor system. 

2. The transition distance of the belt was not adequate and it was increased . 

3. The installation of snub roller for proper belt tensioning. 

4. It was advised that the CCR operator should stop the Motorised Gate first and then turn the Belt off.This 

would ensure there is no pilling up of material at the feed point and the belt would be empty during the next 

start up. 

5. The proper troughing angle should be provided. 

6. Inorder to avoid dust emission it was advised to install bag filter for collecting dust from the Skirt Board area. 

  

XII. CONCLUSION & FUTURE SCOPE 

 

The material spillage from the conveyor belt is a significant problem not only from the point of view of 

environment and government regulations , but also because of number of labour hours lost in the cleaning, cost 

incurred due to frequent repairs or rollers and other conveyor parts etc. 
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Conveyor systems are present in alomost in every manufacturing unit be it a steel plant, mineral and ore 

processing facility, food and agro industry you name it.Thus knowing the basics of conveyor systems is 

essential for a mechanical engineer both for maintenance and design applications. 
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ABSTRACT  

Glycated insulin could cause insulin resistance in type 2 diabetes mellitus. An in vitro insulin glycation assay 

was developed to screen organosulfur compounds of garlic for insulin glycation inhibitors by matrix assisted 

laser desorption/ionization time-of-flight mass spectrometry. The percentage inhibition of glycated insulin was 

determined at different concentrations (0.5-5 mM) of diallyl disulfide and diallyl sulfide. Percentage inhibition 

of glycated insulin by diallyl sulfide was found to be 87.44±0.66 at 5 mM whereas for diallyl disulfide it was 

found to be at 76.76± 1.94. Furthermore, the IC50 of diallyl sulfide and diallyl disulfide was very less than 

standard inhibitors. These results showed that organosulfur compounds of garlic may increase insulin 

sensitivity and reduce metabolic complications in diabetic patients. 

 

I. INTRODUCTION 

 

Diabetes mellitus is a disorder characterized by chronic hyperglycemia due to deficiency of insulin or insulin 

resistance. Diabetic patients are more prone to many complications such as neuropathy, retinopathy, 

nephropathy associated with diabetes. Patients with uncontrolled blood glucose level are particularly at risk and 

hyperglycemia play important role in the pathogenesis of hinder complications [1]. Complications appear in the 

organ where uptake of glucose is independent of insulin as result intracellular accumulations of glucose in these 

cells are found to be more. Most of these complications are due to glycation of protein [2]. Glycated proteins 
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can undergo further reactions called advanced glycation end products (AGEs) which may result in alteration of 

protein structure and function [3]. Over the years, several in vitro and in vivo glycation and AGEs of model 

protein hemoglobin, BSA, HSA, IgG, collagen, insulin etc have been reported [4].  

Non-enzymatic glycation is a complex series of reactions which are initiated by nucleophilic addition reaction of 

amino groups of proteins and carbonyl groups in reducing sugars which leads to browning, fluorescence and 

cross-linking of proteins to form reversible Schiff’s base. As a consequence of rearrangement reactions stable 

irreversible Amadori products are formed. Schiff bases formed over the period of hours whereas stable Amadori 

products occur in days. Glycated proteins can undergo further reactions through dicarbonyl intermediates to 

form AGEs. 

In spite of advancement in the modern medicine, there is no single drug to prevent glycation and AGEs 

mediated diabetes complications. However, in the last few years it has been evident that glycated insulin could 

contribute to the development of insulin resistance in type 2 diabetes mellitus. Glycated insulin has been 

observed in the islets of Langerhans of both normal and diabetic animals [5]. Glycated insulin in pancreatic β 

cell lines depends on concentration and time of exposure to glucose [6]. Drugs such as aminoguanidine [7], 

carnosine [8], alagebrium chloride [8] and N-phenacyl thiazolium bromide [8] showed anti-glycation effect but 

not yet approved by US-FDA. However, some studies have indicated that aminoguanidine may have some 

toxicity in diabetic nephropathy patients [9]. Antidiabetic drug metformin showed anti-glycation activity but it is 

not an efficient inhibitor for anti-glycation. Therefore, it is very essential to find out new molecules for anti-

glycation activity.  

Several assays are reported for the determination and quantitation of anti-glycation effects of molecules. 

Glycated hemoglobin was determined by hemoglobin-δ gluconolactone assay [10] whereas fluorescence assay 

[11] method involves the measurement of fluorescence in presence and absence of inhibitor. Immunological 

assays based on ELISA [12]. AGEs specifically methylglyoxal and N-epsilon-(carboxymethyl) lysine were 

detected by polyclonal antibodies and monoclonal antibodies [13]. However, these techniques are not adequate 

enough to measure precisely glycated proteins due to their low sensitivity and do not provide specific site of 

glycation in protein. Interestingly, different mass spectrometric techniques have been increasingly used and 

found to be a promising to provide detailed information on protein glycation. Hence, matrix assisted laser 

desorption/ionization time-of-flight mass spectrometry (MALDI-TOF-MS) based glycation assay has been used 

to screen anti-glycation activity of potential therapeutic molecules [14-15].  

Developments in the area of plant medicines have revealed their therapeutic benefits during last few decades 

[16]. Life style modification and dietary habits have been linked to the pathogenesis such as cardiovascular 

complications and cancer [17]. However, diet rich in herbs, spices and fruits are associated with lower risk of 

disease complications. Allium species such as garlic, a well known medicinal and nutritional herb, has been 

used since ancient times for the treatment of various ailments. The healing efficacy of garlic in medical 

traditions of India like Tibbi, Unani and Ayurveda is well documented [18]. Scientific reports describe the 

beneficial effect of garlic from animal and human studies in various diseases like hyperlipidemia, 

atherosclerosis, hypertension, microbial infection, cancer, diabetes, cardiac complications and 

immunomodulatory activities [16]. Among all nutritional agents, garlic and its components play an important 

role in prevention of the diabetic complications. Organosulfur volatiles such as diallyl disulfide (DADS), diallyl 
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sulfide (DAS), diallyl trisulfide (DTS) and sulfur dioxide are formed by the decomposition of allicin. These 

products were found to have a higher antioxidant activity [19]. Intraperitoneal administration of DAS and 

DADS significantly decreased the cytochrome P-450, CYP2E1 activity [20] and increase the phase II 

detoxifying enzymes such as glutathione S-transferase, quinone reductase and glutathione peroxidase enzyme 

[21], respectively.  Raw garlic homogenate significantly decreased serum glycated hemoglobin and improved 

insulin sensitivity in fructose fed rats [22]. Therefore, the present study was designed to screen DADS and DAS 

molecules that inhibit insulin based glycation reaction by MALDI-TOF-MS. To the best of our knowledge; this 

is the first study on the evaluation of anti-glycation properties of organosulfur volatiles of garlic.  

 

II. MATERIAL AND METHODS  

2.1 Chemicals and Regents 

DADS, DAS, insulin, glucose, sodium phosphate monobasic dihydrate, sodium phosphate dibasic dihydrate, 

aminoguanidine hydrochloride, pyridoxamine hydrochloride and sinapic acid were procured from Sigma-

Aldrich. 

 

2.2 Insulin Glycation Assay 

Initially stock solution of 2 mg/mL of insulin, 0.5 M of glucose, O.2 M sodium phosphate buffer (pH 7.4), 20 

mM of aminoguanidine hydrochloride, pyridoxamine hydrochloride, DADS and DAS were prepared. Serial 

dilutions were made, using stock solution, to prepare different concentration (10 mM, 5 mM and 2 mM) of 

DADS, DAS, aminoguanidine hydrochloride and pyridoxamine hydrochloride. For insulin glycation assay, 25 

µL of insulin (0.5 mg/mL) was incubated at 37°C with 25μL of 0.5 M of glucose prepared in 0.2 M sodium 

phosphate buffer (pH 7.4) for fifteen days. 50 μL of different concentration of DADS, DAS, aminoguanidine 

hydrochloride and pyridoxamine hydrochloride were incubated at 37°C with 25μL of 0.5 M of glucose and 25 

µL of insulin (0.5 mg/mL) for fifteen days in the ratio of 1:1:2 (insulin: glucose: inhibitors). Final concentration 

will be 5 mM, 2.5 mM and 1mM for each DADS, DAS, aminoguanidine hydrochloride and pyridoxamine 

hydrochloride. 

 

2.3 Sample Preparation for MALDI-TOF-MS 

Incubated reaction mixture each of control and inhibitors samples were removed after above specific time. 

Matrix was prepared by adding sinapic acid in mixture of 30% acetonitrile and 0.1% trifluroacetic acid. One µL 

of each assay sample and matrix were mixed together and spotted onto the stainless steel MALDI plate 

separately by dried-droplet method. Spotted plate was allowed to dry at 37°C before analysis. 

 

III. MALDI-TOF-MS ANALYSIS 

 

The mass spectral analysis was done on a MALDI-TOF, Shimadzu Biotech Axima Performance (Shimadzu 

Biotech). Analyses of each assay sample were carried out under identical experimental conditions. Mass spectra 

were acquired in positive ion reflectron mode using 337 nm pulsed nitrogen laser in the mass range of 1000 Da 

to 7500 Da. Typically, 200–250 laser shots were used for each mass spectrum. All spectra were obtained from at 

least two samples to verify the consistency of the results. Pulse extraction optimized at 5800 Da and the 
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experiment was repeated three times.  The percentage inhibition of the glycated insulin peak by inhibitors was 

calculated by using formula: (1-(A/B)) × 100. 

A- The intensity of glycated insulin in the presence of an inhibitor 

B- The intensity of glycated insulin in the absence of an inhibitor  

 

3.1 Determination of IC50 of inhibitors 

The percentage inhibition of glycated insulin was determined at different concentrations of DADS (0.5-5 mM), 

DAS (0.5-5 mM), aminoguanidine hydrochloride (1-15 mM) and pyridoxamine hydrochloride (1-15 mM) in 

MALDI based insulin glycation assay. IC50 of DADS and DAS was determined by plotting % inhibition of 

glycated insulin to the concentration of inhibitors. Aminoguanidine hydrochloride and pyridoxamine 

hydrochloride were used as reference standards. 

 

IV. RESULTS AND DISCUSSION 

 

The present study has been undertaken to evaluate the anti-glycation properties of organosulfur volatiles of 

garlic following exposure of D-glucose to insulin in presence and absence of DADS and DAS by MALDI-TOF-

MS analysis. The glycation reaction of insulin was monitored by measuring the intensity of glycated peak. The 

MALDI-TOF-MS spectrum of [M+H]
+
 of unglycated insulin showed an ion at m/z 5808 Da (Fig.1 (a)) whereas 

the glycated insulin at  m/z 5970 Da (Fig.1 (b)).  An increase of the m/z value by 162 Da compared to 

protonated insulin clearly indicates the glycation of insulin. The relative intensity of glycated insulin was found 

to be in the range of 30-50% compared to unglycated insulin.  Inhibition of glycated insulin by the DADS and 

DAS were screened at 1mM, 2.5 mM and 5mM. Percentage inhibition of glycated insulin by DAS was found to 

be 87.44±0.66 (5 mM), 81.46± 1.54 (2.5 mM) and 32.00±1.35 (1mM). Similarly for DADS it was found to be at 

76.76± 1.94 (5 mM), 75.10± 1.36 (2.5 mM) and 31.08 ±1.53 (1mM) (Fig.2). Both, DADS and DAS, 

organosulfur volatiles of garlic, showed concentration dependent inhibition of insulin glycation. The standard 

inhibitors such as aminoguanidine hydrochloride and pyridoxamine hydrochloride showed less percentage 

inhibition of glycation when compared to organosulfur volatiles. DAS showed potent anti-glycation activity in 

comparison with some of the known antiglycating compounds such as aminoguanidine and pyridoxamine at 2.5 

and 5 mM. Further, DAS showed higher anti-glycation activity even at concentration as low as 2.5 mM when 

compared to DADS. 

Furthermore, the IC50 of DADS, DAS, aminoguanidine hydrochloride and pyridoxamine hydrochloride were 

determined by a MALDI-TOF-MS based insulin glycation assay. The IC50 of standards inhibitors such as 

aminoguanidine and pyridoxamine was found to be 4.6 mM and 3.06 mM, respectively (Fig.3 (a) and (b)). 

Whereas, the IC50 of DAS and DADS was found to 1.25 mM and 1.44 mM, respectively which suggest that both 

organosulfur volatiles are strong glycation inhibitors (Fig.3 (c) and (d)). The IC50 of organosulfur volatiles is 

very less than standard inhibitors.  

Although the antidiabetic effect of raw garlic has been well established in the type I and type II diabetic animal 

model but only few studies have been conducted to evaluate the effect of garlic on insulin resistance in rats. This 

is the first report on strong anti-glycation activity of DADS and DAS at very low concentration. Further in vivo 
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studies need to be conducted on experimental animal models to elucidate the exact mechanism of DADS and 

DAS mediated glycation inhibition.  

 

V. CONCLUSION 

 

In conclusion, our study by MADI-TOF-MS insulin based glycation assay showed that organosulfur compounds 

of garlic such as DADS and DAS are strong glycation inhibitors at low concentration. This may increase insulin 

sensitivity and reduce metabolic complications in diabetic patients. Further in vivo studies are in progress on 

experimental animal models and in human to elucidate the exact mechanism of DADS and DAS mediated 

glycation inhibition. 
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Fig 1. Insulin glycation assay by MALDI-TOF-MS (a) Control Insulin (0.5 mg/mL), (b) glycated 

insulin, Glycated insulin in presence (c) 5 mM aminoguanidine hydrochloride (d)  5mM 

pyridoxamine hydrochloride (e) 2.5 mM DADS and (f) 2.5 mM of DAS. 

 

 

 

 

 

 

 

 

 

 

 

Fig.2. Percentage inhibition of glycated insulin at 1mM, 2.5mM and 5mM of  aminoguanidine 

hydrochloride, pyridoxamine hydrochloride, diallyl sulfide and diallyl disulfide determined by 

insulin glycation assay by MALDI-TOF-MS. All values are mean ± SEM (n=3) 
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Fig. 3. IC50 values of (a) aminoguanidine hydrochloride (b) pyridoxamine hydrochloride (c) 

diallyl sulfide (d) diallyl disulfide .All values are mean ± SEM (n=3) 

 

Figure Captions:  

Fig 1. Insulin glycation assay by MALDI-TOF-MS (a) Control Insulin (0.5 mg/mL), (b) glycated insulin, 

Glycated insulin in presence (c) 5 mM aminoguanidine hydrochloride (d)  5mM pyridoxamine hydrochloride (e) 

2.5 mM DADS and (f) 2.5 mM of DAS. 

Fig.2. Percentage inhibition of glycated insulin at 1mM, 2.5mM and 5mM of  aminoguanidine hydrochloride, 

pyridoxamine hydrochloride, diallyl sulfide and diallyl disulfide determined by insulin glycation assay by 

MALDI-TOF-MS. All values are mean ± SEM (n=3) 

Fig. 3. IC50 values of (a) aminoguanidine hydrochloride (b) pyridoxamine hydrochloride (c) diallyl sulfide (d) 

diallyl disulfide .All values are mean ± SEM (n=3) 
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