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ABSTRACT 

Deal-of-the-day (DoD) promotions are nowadays very popular. As a special form of a price promotion, they 

allow firms to offer products at substantial price discounts, usually at or above 50%, for a very limited period of 

time, usually between one and seven days. 

Deal-of-the-day (also called flash sales or one deal a day) is an ecommerce business model in which a website 

offers a single product for sale for a period of 24 to 36 hours. Potential customers register as members of the 

deal-a-day websites and receive online offers and invitations by email or social networks. 

As of 2011, deal-of-the-day sites have continued to grow in popularity, although new concerns have arisen over 

the longevity of the concept and the financial viability of one-day deals for small businesses. 

The deal-of-the-day business model works by allowing retailers to market discounted services or products 

directly to the customers of the deal company, who receives a portion of the retailer's profit. This allows 

retailers to build brand loyalty and quickly sell surplus inventory. 

A study of small businesses revealed that on an average, daily deal spending is the single largest expenditure in 

a company's marketing budget, at 23.5%, which translates to average annual spending on daily deal programs 

of $46,530. Lesser expenditures include e-mail promotions (16.1% or $31,878) and online search advertising 

through programs such as Google AdWords (14.7% or $29,106) and Affiliate marketing programmes. 

 However, studies have shown that for small businesses and start-ups, daily deals can result in a substantial 

30% increase in profits. A survey of businesses who ran daily deals in the past year revealed that more than half 

(55.5%) profited on their daily deal promotion, whereas just over a quarter (26.6%) lost money. The remainder 

(17.9%) broke even. Beyond mere exposure, these businesses hope to capitalize on the long-term value of new 

repeat customers. Thus deal-of-the-day sites also function as marketing platforms.
 

The purpose of this study is to investigate the effectiveness of deal of the day offers as an effective promotional 

tool in terms of customer awareness, customer loyalty and enhancement in sales. It also focuses   upon the fact 

that high discount and tight time constraint do not necessarily increases the effectiveness of DoDs as a price 

promotion. The present work is a compilation of few selected papers written by researchers aiming to 

disseminate the knowledge generated by the previous researchers. In this article, I am presenting thoughts, 

ideas, experiences and findings of the practitioners and academia’s across the globe. 

Keywords: Deal of the Day (DoD), Affiliate marketing programme, Social Network, Promotional Effectiveness. 

 

I. INTRODUCTION 

 

―Deal of the Day‖ (DoD) platforms have quickly become popular by offering savings on local services, products 

and vacations. For merchants, these platforms represent a new marketing channel to advertise their products and 
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services and attract new customers. DoD platform providers, however, struggle to maintain a stable market 

share and profitability, because entry and switching costs are low. To sustain a competitive market position, 

DoD providers are looking for ways to build a loyal customer base. A survey of 202 DoD users was conducted 

by Krasnova, Hanna; Veltri, Natasha F.; Spengler, Klaus; and Günther, Oliver in  (2013)  explains  that 

customer loyalty is in large part driven by monetary incentives, but can be eroded if impressions from merchant 

encounters are below expectations. In addition, enhancing the share of deals relevant for consumers, i.e. signal-

to-noise ratio, and mitigating perceived risks of a transaction emerge as challenges. Beyond theoretical value, 

the results offer practical insights into how customer loyalty to a DoD provider can be promoted. 

The daily deal promotions have emerged as a new trend along with the increase of ecommerce. At much 

discounted prices (usually 50% to 90% off), for a limited time (usually one or two days), the daily deal (DD) 

sites offer their subscribers a deal for a product or a service. Groupon is the most popular and largest daily deal 

site, founded by Andrew Mason in Chicago in 2008. According to The Archer Group (2011) DD sites count 

more than 500 and their numbers are still growing. In the US, besides Groupon, Living Social and Eversave are 

the best known sites. 

Theoretically, the coupon sales increase along with the growing of site subscribers, and, consequently, the 

merchants‘ benefits increase too (economies of scale). Apart from this there are other motivations that 

encourage merchants in joining DD sites such as attracting new customers, increasing traffic to their points of 

sale, benefitting from word-of-mouth, gaining popularity, and increasing sell-out. DoD promotions are a new 

marketing tool that is cheaper than advertising and fostered by group buying strategies and geo marketing 

tactics.  

 As mentioned previously, online store offers can be an effective tool for not only customer acquisition, but also 

for customer loyalty, however, it‘s important to consider overall brand strategy before offering discounts. 

Ultimately, we need to consider if offers and the type of offer is the right strategy for our brand. Regardless, 

building an online business will generally involve a lot of experimentation to understand what works best. The 

best approach is to choose a goal for every campaign and offer, start small and measure the results. 

 

II. TYPES OF OFFERS 

 

There are several types of discounts and offers. Let‘s take look at the most common ones: 

 Percentage Based Discount - The most popular way to offer discounts is percentage based discounts. This 

can include small incentive percentages like 5% or 10% off, larger discount to really drive sales like 20% 

and 25% or large percentages like 50%+ to liquidate merchandise that isn‘t moving or old.  

 Money Value Discount - Offers that are based on a money value can be positioned as a credit. This makes 

people feel like they're wasting money if they don‘t use it. In some studies, redemption of money based 

offers vs. percentage based offers can be as much as 175% greater.  

 Free Shipping - Shipping costs are often cited as the number one reason for shopping cart abandonment. 

Offering free shipping is a great way to mitigate this and increase conversions. Often this is used in 

conjunction with a minimum order size to help increase the average order value.  
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 Free Gift - A free gift with a purchase can be a great way to provide additional value to customer. If used 

strategically, it can also be used to increase average order size and/or to get rid of product that isn‘t 

moving.  

II. THE PROS AND CONS OF ONLINE STORE OFFERS 

 

Though offers can be used effectively to help increase customer loyalty and acquisition, there are certain pros 

and cons of it which needs to be taken care of. 

               Pros 

 Easy and quick to implement. 

 Easy to track. 

 Increased customer acquisition. 

 Increased conversions. 

 Increased customer loyalty. 

       Cons 

 Decreased margins and profitability. 

 Possible brand damage. 

 Decreased conversions outside of sale periods if you train visitors to wait for offers. 

 Tendency to drive non-loyal (price driven) shoppers. 

 Tendency to reduce average order size.  

 

IV. IMPACT OF DAILY DEALS 

 

 Brand exposure: Daily deal emails are sent to thousands of potential local customers, helping them to stay 

top-of-mind. 

 Social buzz: People often forward hot deals to their friends, commenting on the products available, and 

encouraging friends to participate. Daily deals can build buzz for a brand by generating awareness. 

 Attract new customers: Daily deals bring new and infrequent customers into merchant locations.  

 Daily deals cause traffic spikes that can impact the customer experience. 

 Are we successful in converting new customers to repeat customer? 

 

V. CONCLUSION 

 

The daily deal has changed the way consumers buy and a result, the way businesses think about using these 

incentives. In a time when consumers are more aware of their spending, the daily deal has traditionally provided 

the opportunity to generate trial. The discounts are significant and, based on the statistics above, many 

consumers take advantage of those savings. 

While these deals may encourage trial initially, it becomes a challenge for businesses to hold on to the deal 

hunters and turn them into loyal customers. The consumer mindset is to wait for another deal that will inevitably 

come through with the next email. 
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A significant number of local businesses have tried running daily deal promotions, and many of them have run 

multiple ones, either with the same site or more commonly, with multiple daily deal sites. There is recent 

emerging evidence that businesses running multiple daily deals are having some success with them. 

A recent study done by Rice University says, deal-buyers aren‘t solely bargain-seekers. ―There is a theory that 

consumers must be offered ‗deep‘ discounts (50 percent or more) to be interested in daily deals,‖ says 

management professor Utpal M. Dholakia of Rice University. ―Our research shows that a significant number of 

consumers will continue to buy the deals even if the discounts are slightly smaller.‖ 

Offers and discounts aren't right for every online business, however, with a clear goal in mind, a firm 

understanding of the brand and some experimentation, offers could be utilized effectively to meet marketers‘ 

objectives, building customer loyalty and increasing revenues. 

 

VI. STRATEGIES TO INCORPORATE AN APPROPRIATE DAILY DEALS 

 

            Here are six ways to make daily deal and flash sale offers work for - not against - your business. 

1. Be ready for the rush of traffic 

The sudden onslaught of walk-in traffic, ringing phones, email inquiries and spike in web traffic can send 

a small business running for the hills. Small businesses recognize that the hardest part of business is 

generating leads.  

2. Be realistic about your profit margin 

Daily deals aren‘t guaranteed moneymakers. Promotions are designed to bring in new customers and 

generate brand awareness. So know the terms of your deal. Research shows that a significant number of 

consumers continue to buy the deals even if the discounts are slightly smaller. 

3.  Specialize 

Budding retailers should know their key demographic and partner with a flash sale site that specializes in 

their audience. So, explore the industry. Some daily deal sites cater to moms and families, while others 

gear toward urban dwellers. There are flash sale sites specifically for watches, wine, handmade crafts, 

green products and modern design.  

4. Don’t think you’re too small 

Whether you‘re a large fashion house or a small budding designer, a flash sale gives you two important 

advantages: a captive audience and brand exclusivity.  

The bottom line is that when the site‘s buyers select goods,   they evaluate many factors, including a 

product‘s quality, uniqueness and viability to sell to their upscale audience. 

5. Don’t count yourself out of the market because your product is hard to sell 

When Zappos.com appeared online, people asked, ―Who in their right mind would buy shoes online?‖ 

The same could be said for large home furnishings such as sofas, coffee tables and art offered on the first 

home decor flash sale site, One Kings Lane. The site, which recently surpassed $100 million in revenue, 

specializes in curated selections of designer furniture, samples, antiques and personal collections from 

interior decorators. 

Good, editorial information, not just empty marketing copy, is the key to selling items that are 

traditionally harder to market online.  
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6. Don’t make a single deal and stop 

―We‘re a daily deal site in the sense that we offer one new deal every day, but our deals run for one 

week,‖ founder and Chief Strategy Officer Andrew Moss explains. ―It allows customers to have a more 

measured experience, so they‘re not just impulse buying but thoughtfully purchasing a deal they‘ll like.  

As such, merchants have a higher retention rate of customers who are likely to become repeat clients—

the ultimate purpose of partnering with a flash or daily deal site. The daily deal is a very big lead 

aggregator and an opportunity for the business to get exposure to people otherwise unfamiliar with their 

product or services. 

That‘s important, because as any small-business owner knows, it costs exponentially more to acquire 

new customers than to sell to existing ones. When taking advantage of the massive impact daily deal and 

flash sale sites have had on small business, knowing what to expect and how best to utilize the benefits 

will set you apart from the rest. 
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ABSTRACT 

Recommender systems are one of the business intelligence systems that provide suggestions to the active users 

for their items purchase in e-commerce store. Most recommender systems use collaborative filtering (CF) or 

content-based or hybrid methods to predict new items of interest for a user. Memory-based algorithms 

recommend according to the preferences of nearest neighbors based on similarity, and model-based algorithms 

are based on developing a model of user ratings to produce recommendations. An alternative method to 

collaborative filtering recommender systems could be the use of neural networks. Neural networks have been 

applied to learning tasks, such as text recognition, credit rating analysis, classification and prediction and so 

forth. In this work, we present an elegant and effective framework which combines neural networks and 

collaborative filtering to mine business intelligence in the form of generating recommendations. Different 

metrics on real-time datasets to evaluate and compare for recommendation quality and performance have been 

applied. The result from various simulations shows that the proposed system is more efficient and functional. 

 

Keywords: Business Intelligence, Back Propagation, Clustering, Data Mining, E-Commerce, 

Neural Network, Recommender System. 

 

I. INTRODUCTION 

 

Internet and data warehousing affects our everyday experience while searching for knowledge on a topic. To 

overcome this problem, suggestions or navigation patterns from others who have more experience on the topic is 

relied. Recommendation systems produce a ranked list of items on which a user might be interested, in the 

context of current choice of an item [1]. These systems are developed for movies, books, communities, news, 

articles etc. In general, there are five types of recommendation systems [2].They are collaborative, content 

based, demographic and utility based systems. 

A collaborative recommender system collects ratings of items, recognizes similarities between users based on 

their ratings, and produces new recommendations based on inter-user comparisons.  Content-based 

recommender systems produce recommendation based on the associated features of an item: it learns a user’s 

interests profile based on the features present in items that the user has rated before. A recommender system 

based on demographic categorizes users based on personal attributes and finds interesting items based on 

demographic classes. Utility-based systems evaluate the match between a user’s need and the set of options 

available: it recommends items based on a computation of the utility of each item for the user. Knowledge-based 

recommenders also make such evaluations, but they have knowledge about how a particular item meets a 
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particular user’s need. The aim of this work is to implement new neural network model for mining business 

intelligence which outperform with other approaches. 

Neural network refers to the information processing systems or computer software system that can simulate the 

structure and function of the biological brain [3]. Self-Organizing Map [4] is a kind of unsupervised learning 

technique of neural networks which helps in reducing the high dimensional data into low dimensional data and 

visualizes that. Based on competitive learning principles, SOM helps in clustering data together for analysis and 

in clustering similar objects together. A Back-Propagation Network (BPN) is a neural network that uses a 

supervised learning method and feed-forward architecture. A BPN is one of the most frequently utilized neural 

network techniques for classification and prediction [5] and is considered an advanced multiple regression 

analysis that can accommodate complex and non-linear data relationships [6]. It was first described by Werbos 

et al. [7], and further developed by Ronald et ak,[8]. 

 

II. RELATED WORKS   

 

This section briefly presents some of the research literature related to business intelligence recommender 

systems, collaborative filtering and neural networks. Many algorithms have been proposed to generate 

recommendations. 

In [9] with attention to customer's profile, which is one of the important parts of a recommender system, 

endeavoured to improve the customer profile and recommender system efficiency. Profile was improved using 

time context and group preferences. Smoothed the elements of customer profile matrix and realized them. 

A novel web usage mining approach, based on the sequence mining technique applied to user’s navigation 

behaviour, to discover patterns in the navigation of websites [10]. We can apply the user’s navigation behavior 

records to train the BPN model. BPN model training process is highly important, since it affects the accuracy of 

the IDS system. 

A neural network is used to recognize implicit patterns between user profiles and items of interest, which are 

then further enhanced by collaborative filtering to personalized suggestions [11]. The neural network algorithm 

is trained on each user-ratings vector and a pseudo user-ratings vector is created. A pseudo user-ratings vector 

contains the user’s actual ratings and neural network predictions for the unrated items. All pseudo user-ratings 

vectors put together form the pseudo ratings matrix, which is a full matrix. 

The author [12] aim to establish a genre-based collaborative recommender system to automatically suggest and 

rank a list of appropriate items (movies) to a user based on the user profile and the past voting patterns of other 

users with similar tastes. The interest to the different genres is computed based on a hybrid user model. The 

similarity of likeminded users according to the fuzzy distance and also Pearson correlation coefficient is 

involved in a Bayesian network. 

 

III. SYSTEM ARCHITECTURE 

 

The proposed system architecture in this work is shown as Figure. 1. The purpose of this approach is that if 

users have similar navigation patterns, then they may have similar interests for some products. For improving 

the personalization strategy with an ultimate goal of attracting/retaining customers and enforcing the 

competitiveness for E-commerce businesses, we built an algorithm to assess potential customer’s product 
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knowledge levels and their needs, and then recommend N products to them. Thus, the approach follows the 

steps to identify users’ behavioral pattern and recommends N products by using neural network learning model. 

 

Fig. 1 System Architecture 

Here the neural network is used to cluster and classify objects using SOM clustering and BPN respectively. 

 

3.1 Methodology Description 

In this method the features and users are filtered based on the knowledge of the active user such as profiles and 

preferences. User item matrix is clustered using k-means clustering to identify user navigation patterns. Active 

users matching cluster is identified and frequency of items purchased from the matching cluster is calculated 

and sorted. The N most frequent items are listed. The items from these listed N items, which are not purchased 

by the active user is recommended. 

3.1.1 Pre-processing 

The data required by the process may have incorrect, irrelevant, incomplete or missing data. Erroneous data 

leads to the loss of accuracy. It must be corrected or removed and missing data must be predicted. Also to 

overcome the scalability problem by selection of relevant features/attributes/columns the pre-processing is 

required.  

Feature selection - Feature selection techniques such as step-wise forward selection, step-wise backward 

elimination, combining forward selection and backward elimination can be used for selecting the relevant 

features. 

Dimensionality reduction - Dimensionality reduction techniques such as Principle Component Analysis (PCA), 

Singular Valued Decomposition (SVD) and Decision Tree induction help overcome this problem by 

transforming the original high-dimensional space into a lower-dimensionality. By selecting the relevant features 

and applying dimensionality reduction technique of dataset D is reduced from high to low . 

3.1.2 Model Construction 

This model mainly based on the knowledge information about users profile and preferences. This knowledge 

information about the user is applied in the form of rules. Users or items in the dataset are filtered based on 

knowledge defined in terms of rules to identify the navigation pattern. A sample rule is in the form: 
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                   (1) 

                                                             (2) 

 

 

 

 

These defined rules are applied on pre-processed dataset to obtain filtered relevant dataset. 

Clustering - In this step the similarity between the users are calculated and similar users are grouped using 

clustering technique. In general, the major clustering methods can be classified into partitioning, hierarchical, 

density-based, grid based methods and model based methods. In this work model based method, especially 

neural network based Self Organizing Map (SOM) is used. It clusters by mapping high dimensional data into a 

2D or 3D. SOMs learn to cluster data based on similarity and   topology. The basic SOM model consists of two 

layers, an input layer and an output layer. When the training set is submitted to the network, the training set 

values flow forward through the network to the output layer. The advantage of SOM clustering is stability and 

convergence assured. The quality of this clustering can be compared with other clustering techniques for 

performance evaluation. 

Prediction of Best Matching Cluster (BMC) - Many classification methods have been proposed by researchers in 

machine learning, pattern recognition and statistics to identify best matching of samples or objects. Neural 

Network learning algorithms plays vital role in classification of objects to identify the matching classes. Several 

neural network algorithms have been reported in the literature. They include various representations and 

architectures and applications. Back propagation is a neural network leaning algorithm. Basically there are three 

back-propagation training algorithms, Levenberg-Marquardt, Conjugate gradient and resilient back-propagation. 

Resilient back-propagation algorithm is faster than the standard deepest algorithms. It requires only modest 

increase in memory requirements. Also the performance of this algorithm is not very sensitive to the settings of 

the training parameters. Hence in this work, resilient back propagation neural network is used to identify 

matching cluster of active users. 

Best matching cluster of the active user also can be calculated by finding the similarity between the active user 

and clusters. The similarity of the active user is calculated with other clusters and clusters which have users with 

minimum distance are identified as matching cluster. The similarity between two users is usually measured 

using distance measures like Euclidean distance, Pearson correlation and cosine.  

3.1.3 Intelligence 

In this last phase, the recommendations are generated from matching cluster users. According to the navigation 

pattern of identified cluster of users, this algorithm generates N items as recommendation. The items that have 

not yet been purchased by the active user from this list is generated as final recommendation. This gives 

intelligence to the active user. 

Algorithm: 

Input:  

D = {s1, s2, s3,…,sns} with attributes A= {a1, a2, a3,…,anf}. // Train data 

TD=AU= {s1, s2, s3,…,snts} with attributes A= {a1, a2, a3,…,antf}. //Test data 

N=Potential Number of items for recommendation; The number of clusters k. 
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Output:            

A set of clusters Ck; N Recommendation List  

Begin 

// Phase I : Pre-processing 

 Feature_selection () 

 Dimensionality_reduction () 

// Phase II : Model Construction 

// Feature selection by formulating knowledge based rules 

  

   

 D`=  

// Filtering of samples by formulating knowledge based rules 

 1 to nsr 

 , where ; j=1 to nss 

// Clustering of users in  using SOM (Self Organizing Map) 

 Create self organizing map by randomizing weight vectors W 

 Select the  input  

 Traverse each node in the map 

i. Calculate the similarity between input vector  and weight vector W using 

Euclidean distance 

ii. Find the node with smallest distance(best node) 

 Update the nodes weights of best node and neighbors 

 Repeat until converge 

//Find the matching cluster of each Active User AU using BPN 

Initialize all weights and biases in network 

While termination condition is not satisfied 

   For each samples in dataset  

                //Propagate the inputs forward  

i. For each input layer unit 

ii. For each hidden or output layer unit 

//Back propagate the errors 

i. For each unit in the output layer 

ii. For each unit in the hidden layers, from the last to the first hidden layer 

iii. For each weight  in the network 

iv. For each bias in the network 

Identify items of matching cluster users from     

// Phase III: Generate N recommendations  

Generate N recommendations for each Active User  

 Select top-N items 
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 Recommend top-N items 

Validate Recommendations 

End 

This algorithm has been experimentally simulated and evaluated with real-time datasets with different active 

users profile and preferences. 

 

IV. EXPERIMENTAL EVALUATIONS 

 

This section explains the method used to evaluate the performance of the proposed method. First we present the 

dataset used and some measures for evaluating performance of this model. Then we present and analyze the 

results of our experimentation. Active users knowledge such as user profile and preferences are consider as rules 

for selecting the features. Different active users profile with various types of preferences defined in terms of 

rules are analysed for evaluating performance of this algorithm. 

 

4.1 Movie Lens dataset 

MovieLens data set collected by the GroupLens Research Project is used to test the performance of this 

proposed algorithm [13]. This data set consists of 100,000 ratings (1-5) from 943 users on 1682 movies. Each 

user has rated at least 20 movies. The data set was converted into a user-movie matrix R that had 943 rows 

(users) and 1682 columns (movies that were rated by at least one of the users).The dataset features are 

normalized between 0 and 1. The dataset is divided into 80% training and 20% testing subsets. This has 5 

disjoint sets with 5 fold cross validation. There are some other real-world datasets such as Jester and e-

commerce are also available on the web site for recommender systems. 

 

4.2 Evaluation Metrics 

We have evaluated the results of tests of the machine learning algorithms on the MovieLens dataset by using 

evaluation metrics like Silhouette index (SI), recall, precision, and F1 Measure. 

4.2.1 Clustering Evaluation Metrics 

The clusters obtained using clustering techniques can be validated using various internal and external metrics. 

To use external validation indexes for which a priori knowledge of dataset information is required. Internal 

validity indexes do not require a priori information from dataset. Since there is no priori knowledge about the 

class from the dataset in this work, external index like Silhouette Index (SI) metric is used to evaluate the 

accuracy of clusters. 

Silhouette Index (SI) 

The Silhouette index [14] validates the clustering performance based on the pair wise difference of between and 

within-cluster distances. In addition, the optimal cluster number is determined by maximizing the value of this 

index. For a given cluster, Xj (j=1,..c), the silhouette technique assigns to the i
th

 sample of Xj quality measure, 

s(i)=(i=1,…m),known as the silhouette width[16]. This value is a confidence indicator in the member ship of the 

i
th

 sample in the cluster xj and it is defined as: 

                                                                                (3)                                          

where a(i) is the average distance between the i
th

 sample and all samples included in the same cluster Xj; b(i) is  

the minimum average distance between i
th

 sample and all samples clustered in other clusters. 
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4.2.2 Recommendation evaluation metrics 

To evaluate recommendation we use two metrics widely used in the information retrieval (IR) community 

namely recall and precision [15].  

                   (4) 

     (5) 

The standard F1 metric that gives equal weight to recall and precision and are computed as follows: 

       (6) 

We compute F1 for each individual active user and calculate the average value to use as our metric. 

 

V. EXPERIMENTAL RESULTS 

 

In this section we present detailed experimental results of the proposed algorithm and compared its performance 

with traditional algorithms. First the quality of clustering is analysed and validated using Silhouette Index. 

Second, recommendation evaluation with precision, recall and f1 measure is presented. Finally, the results of a 

reasonable comparison in the performance between the proposed method and other methods that have used the 

MovieLens dataset are presented.  

 

5.1 Clustering Quality Evaluation Results 

The silhouette value for each point is a measure of how similar that point is to points in its own cluster 

compared to points in other clusters, and ranges from -1 to +1.The value -1 indicates bad, 0 indicates indifferent 

and 1 indicates good. The influence of various cluster number k on clustering validity is examined. The 

optimum number of clusters can be determined by testing various numbers of clusters and its silhouette 

measure. The figure 2 shows the comparison of SOM clustering with k-means and Fuzzy C-Means (FCM) 

clustering evaluated using silhouette index. 

 

Fig. 2 Comparison of Different Clustering Algorithm on Quality 

The SOM clustering outperformed when compared with other partition based clustering algorithms.  
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5.2 Recommendation Evaluation Results 

Unfortunately, there is no direct analytical method to determine the optimal number of dimension so the optimal 

value has to be experimentally evaluated. Figure 3 shows the result of repeated experiments with different 

number of dimensions and calculated using the recall, precision and f1 measure.  

 

Fig. 3 Number of Dimension d and f1 Measure in N Recommendation 

The quality of recommendation is increased when increase in dimensions. As more and more dimensions are 

increased the quality of recommendation is decreased. . Figure 4 shows the influence of number of 

recommendation N ranging from 10 to 50 on Recall measure. The x-axis show the number of recommendations 

and y-axis shows the recall value. 

 

Fig. 4 Number of Recommendation N vs. Recall measure 

Figure 5 shows the influence of number of recommendation N on Precision measure. The x-axis show the 

number of recommendations and y-axis shows the precision value. 
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Fig. 5 Number of Recommendation vs. Precision  

Figure 6 shows the F1 value obtained for various numbers of recommendations N. The x-axis show the number 

of recommendations and y-axis shows the f1 value. 

 

Fig. 6 Number of recommendations vs. F1 measure 

The maximum mean average f1 measure is obtained in ml-dataset1 with value 0.72.This gives us 20% of 

improvement in precision and 28% in f1 measure. 

 

5.3 Evaluation with Different Recommender Systems 

The proposed system is evaluated and compared with different existing recommenders systems as a 

performance benchmark. The Table 1 shows the comparison of different evaluation measures recall, precision 

and F1 values of k-NNBM and NNBM (SOM-BPN) models. 
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Table 1 Recall, Precision, F1 Measures of NNBM and KBM 

Evaluation 

Measure Recall Precision F1Measure 

k-NNBM 0.28 0.65 0.44 

NNBM(SOM-

BPN) 0.73 0.85 0.72 

The evaluation measure Recall, Precision and F1 Measure of k-NNBM and KBM are compared in Figure 7. 

Evaluation Measures Recall, Precision and F1-Measure are show along the x-axis and value of these measures is 

shown in the y-axis. The overall performance of NNBM (SOM-BPN) is better than k-NNBM method. 

 

Fig. 7 Recall, Precision, F1 Measures of NNBM and KBM 

The result from various simulations using proposed method and different existing systems is shown in figure 8. 

The x-axis show the number of recommendations and y-axis shows the f1 value. 

 

Fig. 8 Comparison of different Recommendation algorithms on quality 

This experiment shows that mining business intelligence through neural network model can improve the 

recommender system's quality. As shown in Figure.8, the proposed knowledge filter based neural network 

method performs well compared with other alternative methods [16]. 
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VI. CONCLUSION 

 

This proposed work is to improve the performance of mining business intelligence especially in e-commerce 

recommender systems. In this paper, we presented and experimentally evaluated a new approach based on 

neural networks in improving the accuracy of collaborative recommender systems by using clustering technique. 

Because of the learning capability of the neural networks, this can be used to increase the capabilities of 

successful recommendations. The results from various simulations using MovieLens data set shows that the 

proposed algorithm performs better than other techniques. Finally, this proposed method should be tested on 

other real-world datasets with different density and sparsity levels. 
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Abstract-This paper is proposed to automate the flaring process used to flare the polytetrafluoroethylene (PTFE) 

lined pipes used as liners in steel pipes. The PTFE material is very sensitive to the amount to heat added during the 

flaring process which is the most critical parameter for the flare quality. Thus by employing automation the quantity 

of heat added during the flaring process can be controlled. Thus the main objective is to improve the quality of 

flaring process along with enabling it to be reproducible. The control functions are implemented in programmable 

logic controller (PLC).This will help to control tool movement and delay period for each operation taking inputs 

from operator. The work will be beneficial in the various methods viz. increase the rate of production, reduce the 

labour skills and cost along with highly reliable and reproducible process. On a longer run it is going to save a large 

amount of capital of the industry. The same project concept can also be applied to various other sectors for multiple 

works on the same station such as computer numerical control (CNC) machines, assembly lines, etc. 

 

I. INTRODUCTION 

   Flaring is the most widely used process for the expansion of the pipe ends so as to make leak proof joints. There 

are various methods to flare the pipe ends as per the material.PTFE is the polymer provided by Du-Pont, is used as a 

liner in the steel pipes used in various chemical and petro-chemical industries[1]. The ends of the liner are flared to 

provide the leak proof joint and a mechanical joint at the flange ends of the tube. 

The Hi-Tech Applicator is the company that is performing the flaring process. The process is done manually and the 

consistency of the process is very low. Thus the objective of this work is to minimize these difficulties through 

automation of flaring process using PLC Controller and an indexing. 

 

                              

(a)                                                                                (b) 

Figure 1: Flaring of the PTFE liners (a) before flaring, (b) after flaring 
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A. THE FLARING PROCESS IN PRACTICE [2] 

The following procedure describes the flaring process that is in practice in the industry at present state. 

I. Heating, during this process, initially PTFE liner needs to heated up to certain temperature depending on 

liner material, thickness, length of liner etc. and maintain it for certain minutes. For this procedure a heating 

gun is used. 

II. Expansion using v-tool, the diameter of liner is flared up to 45° with the help of v-tool. This v-tool presses 

against hot lining which increases its diameter in a conical shape. The V-tool is hold for T1 time duration to 

allow the PTFE to undergo plastic deformation. 

III. Flat tool hold, after expanding the liner at 45°, the flat tool is pushed against the liner and hold for T2 time 

duration under pressure. 

IV. Cooling, the PTFE material is cooled by the water manually using buckets at the end of the flat tool 

operation. 

 

B. SYSTEM UNDER CONSIDERATION 

The figure 2 shows the stages in which the sequence of opeation commenced.  

 

 

Figure 2:Sequence of work flow 

 

The work is carried out at HI TECH APPLICATORS situated at Vatva GIDC Ahmedabad. The industry provides 

corrosion solution to other chemical process industries by lining the inner layer of anti – corrosive material PTFE [3, 

4, 5]. When internally coating is done, some portion of the liner is kept extending out of the liner for the purpose of 

attaching it with the flange of the pipe. This process is known as flaring. 

This flaring process includes the operation of three different tools on the liner. These 3 tools are heating gun, V-

tool and flat tool. The machine is able to do flaring for a range of Φ25 mm – Φ100 mm diameters of the pipes. For 

different diameters of pipe different sizes of the tools are used .The machine has got the flexibility of attaching 

different sizes of tools. The movement of these tools is done manually. This flaring process includes various timings 

of the operation of 4 tools. Presently the timings are controlled my manual judgement of the worker. This leads to 

failure. Also the quality of flaring done is not reproducible. 

The industry mainly receives the work for diameters of pipes in the range of 25mm to 100mm.Different system of 

the machine are identified and the component design for each system is done. All this design based work is done on 

the basis of the data available from the machine which is presently used by the company. The indexing system is the 
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only system that is needed to design from scratch. Rest of the system design is done with reference to the present 

machine operated manually. The main heart of our IDP is to formulate sequencing and controlling timing of the tool 

operation of tools through PLC [6, 7].  

 

C. IMPLEMENTATION OF SYSTEM                                                                                                                 

The entire PLC ladder diagram is explained in the terms of the various steps that they are operated [8]. The entire 

logic is made on the software “CHM Constructor 10.4 trial version” and also verified using simulation of it on the 

same software. 

 

Figure 3: Arrangement of various components used in PLC ladder diagram 

The following figures shows the PLC logic for whole operation 

 

 

Figure 4: Ladder logic to check all pistons are located at the inner end of the cylinder or not. 
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Figure 5: Ladder logic to bring machine in home position. 

 

 

 

 

 

 

 

 

 

 

Figure 6: Ladder logic for the heating operation 

 

 

Figure 7: Ladder logic to expand the liner using V-tool 

 

 

Figure 8: Ladder logic for the cooling cycle  
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D. RESULT AND DISCUSSION 

After implementation of the system the cost analysis is carried out, which is shown in the following figure  

11. 
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Figure 9: Cost analysis between conventional machine and new approach 

 

 As shown in the cost analysis the conclusion is that employing automation in flaring process results in savings 

as well as quality enhancement. 
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Abstract -   The Research was under taken in order to develop better and faster algorithms for implementation of 

RSA system in Cryptography. Various types of Symmetrical and Asymmetrical Cryptography methods were 

studied. Faster implementations of public-key cryptography, and in particular of RSA are of utmost importance 

nowadays. Computer security is becoming increasingly important to companies and organizations all over the 

world. Computers are being used for communications between companies that may be in different cities or even 

different countries. So in this paper we secure our textual data with RSA cryptography using MATLAB. 

 

Keywords –RSA, Text Encryption, Decryption, Public Key, Private Key, Cryptography, Matlab. 

 

I. INTRODUCTION 

Generally speaking, cryptography falls into two main categories: secret and public key cryptography. Secret-key 

cryptography is based on a prior exchange of a common secret key. Since a single key is used for both 

encryption and decryption, the major issue associated with symmetric-key systems is the key distribution 

problem that is an efficient method has to be devised for the parties to agree upon and then exchange keys 

securely. In 1970, W. Diffie and M. E. Hellman proposed in an efficient method of exchanging a shared secret 

key over an unsecured communications channel and thus setting up the basis of a new type of cryptography: the 

public-key cryptography. The assymetric-key cryptography uses a key (public) for encryption, which is made 

available to everyone at the sending end, and another one (secret) for decryption that is known only by the 

recipient of the message. In 1977, R. Rivest, A. Shamir, and L. Adleman introduced the RSA cryptosystem 

which became the most widely used public-key cyptosystem in the world. Its security depends upon the 

intractability of the integer factorization problem and it can be used to provide both data encryption and digital 

signatures. In what follows the RSA encryption- decryption protocol is shortly reviewed. 

 

II. BACKGROUND 

The RSA algorithm is named after the 3 MIT researchers that developed it in 1978. (Ronald Rivest, Adi Shamir 

e Leonard Adleman). The cryptographic telephone applications developed by Kryptotel use this algorithm 

together with the AES to enable the encryption on the Iphone, the fixed telephone and for the applications that 

are installed on the PC. With the development of electronic devices (smartphone, smart card, token and PC) the 

application of the algorithm has become of vital importance to guarantee secrecy, authentication and protection 

of the information that goes through or that is stored in the devices. The disadvantage of using a private key 

algorithm (symmetric cryptography) is that it involves the use of only one encryption and decryption key. In 
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order to be used the key has to be exchanged between the sender and the recipient and it is during this exchange 

that the Key can be intercepted. In 1976 two cryptologists, Diffie and Hellman, were inspired by the limitations 

that symmetric algorithms had, and they introduced a new approach to cryptography, by assuming that the only 

way to overcome the limitations was by using two distinct keys for the data encryption and decryption. The 

advantage is that the decrypting key, also called private key, can be sent using insecure communication methods 

while the private key used for the encryption operations is safely stored by its owner. 

Many attempts were made to create an algorithm that would succeed by following this theory. The first 

algorithm that was able to embrace this approach was discovered in 1978, and it was exactly the RSA, the most 

used and efficient algorithm used to this day. The RSA cipher represented a real turning point for practical 

applications with high quality, guaranteed security and reliability. In fact the expression strong encryption was 

invented exactly with the RSA algorithm. 

 

III. Overview of Encryption and Public-Key Cryptosystems 

 

Modern cryptosystems are typically classified as either public-key or private-key. Private-key encryption 

methods, such as the Data Encryption Standard (DES), use the same key to both encrypt and decrypt data. The 

key must be known only to the parties who are authorized to encrypt and decrypt a particular message. Public-key 

cryptosystems, on the other hand, use different keys to encrypt and decrypt data. The public-key is globally 

available. The private-key is kept confidential. 

The Key Distribution Problem 

 

Private-key systems suffer from the key distribution problem. In order for a secure communication to occur, the 

key must first be securely sent to the other party. An unsecure channel such as a data network cannot be used. 

Couriers or other secure means are typically used. Public-key systems do not suffer from this problem because of 

their use of twodifferent keys. Messages are encrypted with a public key and decrypted with a private key. No 

keys need to be distributed for a secure communication to occur. 

A.Public-Key Cryptosystems 

 

A user wishing to exchange encrypted messages using a public-key cryptosystem would place their public 

encryption procedure, E, in a public file. The user's corresponding decryption procedure, D, is kept confidential.  

 

Rivest, Shamir, and Adleman provide four properties that the encryption and decryption procedures have: 

Deciphering the enciphered form of a message M yields M. That is, D(E(M)) = M 

E and D are easy to compute. 

Publicly revealing E does not reveal an easy way to compute D. As such, only the user can decrypt messages 

which were encrypted with E. Likewise, only the user can compute D efficiently. 

Deciphering a message M and then enciphering it results in M. That is, E(D(M)) = M 

As Rivest, Shamir, and Adleman point out, if a procedure satisfying property (3) is used, it is extremely 

impractical for another user to try to decipher the message by trying all possible messages until they find one such 

that E(M) = C. 
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A function satisfying properties (1) - (3) is called a "trap-door one-way function". It is called "one-way" because 

it is easy to compute in one direction but not the other. It is called "trap-door" because the inverse functions are 

easy to compute once certain private, "trap-door" information is known. 

 

A.1 The Public-Key Cryptosystem Encryption and Decryption Process 

 

Suppose user A wants to send a private message, M, to user B. 

User A gets User B's public key from some public source. 

User A encrypts message M using B's public key. This produces a ciphertext message, C 

Ciphertext message C is sent over some communication channel 

Upon receipt, user B decrypts message C using their private key. This results in the original message M. 

 

B. Digital Signatures 

 

Property of public-key cryptosystems allows a user to digitally "sign" a message they send. This digital signature 

provides proof that the message originated from the designated sender. In order to be effective, digital signature 

need to be both message-dependent as well as signer-dependent. This would prevent electronic "cutting and 

pasting" as well as modification of the original message by the recipient. 

Suppose user A wanted to send a "digitally-signed" message, M, to user B: 

User A applies their decryption procedure to M. This results in ciphertext C. 

User A applies the encryption procedure of user B to C. This results in message S. 

Ciphertext message S is sent over some communication channel 

Upon receipt, user B applies their decryption procedure to S. This results in ciphertext message C. 

User B applies user A's encryption procedure to message C. This results in the original message, M. 

User B cannot alter the original message or use the signature with any other message. To do so would require user 

B to know how to decrypt a message using A's decryption procedure. 

 

VI. RSA Alogrithm 

The Rivest-Shamir-Adleman (RSA) algorithm is one of the most popular and secure public-key encryption 

methods. The algorithm capitalizes on the fact that there is no efficient way to factor very large (100-200 digit) 

numbers. 

Using an encryption key (e,n), the algorithm is as follows: 

Represent the message as an integer between 0 and (n-1). Large messages can be broken up into a number of 

blocks. Each block would then be represented by an integer in the same range. 

Encrypt the message by raising it to the eth power modulo n. The result is a ciphertext message C. 

To decrypt ciphertext message C, raise it to another power d modulo n 

The encryption key (e,n) is made public. The decryption key (d,n) is kept private by the user. 

A. How to Determine Appropriate Values for e, d, and n 

Choose two very large (100+ digit) prime numbers. Denote these numbers as p and q. 

Set n equal to p * q. 
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Choose any large integer, d, such that GCD(d, ((p-1) * (q-1))) = 1 

Find e such that e * d = 1 (mod ((p-1) * (q-1))) 

Rivest, Shamir, and Adleman provide efficient algorithms for each required operation. 

B. How secure is a communication using RSA? 

Cryptographic methods cannot be proven secure. Instead, the only test is to see if someone can figure out how to 

decipher a message without having direct knowledge of the decryption key. The RSA method's security rests on 

the fact that it is extremely difficult to factor very large numbers. If 100 digit numbers are used for p and q, the 

resulting n will be approximately 200 digits. The fastest known factoring algorithm would take far too long for an 

attacker to ever break the code. Other methods for determining d without factoring n are equally as difficult. 

Any cryptographic technique which can resist a concerted attack is regarded as secure. At this point in time, the 

RSA algorithm is considered secure. 

 

Features of the RSA algorithm 

 

Following are the main features of the algorithm: 

Secrecy and privacy: the content of the information and communication must be ONLY accessible to the sender 

and the recipient of the informationintegrity: the content must not be altered during the exchange phase, therefor 

it must stay in its original formauthentication: this aspect is very important because RSA guarantees the origin of 

the sent information, only the sender with his own private key is able to encrypt the message therefor transform 

the message into an unreadable form consequently the receiver will have confirmation of the origin because he 

will be able to decrypt the message only through the corresponding public keynon repudiation: the sender cannot 

state that the message has not been encrypted with his private key because the private key used for the encryption 

is unique and it's the owner's responsibility to make sure that it is not used by non authorized third parties 

Practical applications of the RSA algorithm 

To this day the RSA together with the AES algorithm is the most used algorithm in commercial systems.  

It is used:  

-to protect web traffic, in the SSL protocol (Security Socket Layer),  

-to guarantee email privacy and authenticity in PGP (Pretty Good Privacy)  

-to guarantee remote connection in SSH (Secure Shell). 

-Furthermore it plays an important role in the modern payment systems through SET protocol (Secure Electronic 

Transaction). 

RSA has been used in most digital data, information and telephone security applications. 

The RSA has it's advantages of being a reliable and safe system but it also has the disadvantage of being very 

slow in data calculating. For this reason it is used in hybrid cryptographic systems that simultaneously use 

symmetric algorithms (AES) for the communication and data encryption phase and public key algorithms (RSA) 

for the safe delivery of the symmetric key (or session key) that is necessary for encrypting and decrypting the 

message. There are different levels of encryption in telephone cryptography. 

 

V. Simulation and Results Discussion 

Step 1: Run the rsa.m Matlab code in Matlab software (here Matlab 2015a based simulation used) 
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Step 2: it ask prime vale for p and q shows in figure 1 & 2: 

 

Figure 1: Implementation of RSA algorithm values of p 

 

 

Figure 2: Implementation of RSA Algorithm for p and q values shows  

 

Note: Take any large prime number for p and q 

 

Step 3: after putting values press enter then it shows calculated public and private keys for RSA in figure 3: 

 

 

 

Figure 3: Calculated values of public and private key   

 

Step 4: In figure 3: it’s also ask for Enter the message, then we write any text here like “ShipraSahu” see figure 

4: 
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Figure 4: Enter the Message for Encryption and Decryption  

 

Step 5: now press the enter after writing message it shows the ASCII code of entered message, Ciphertext 

ASCII message , Decrypted ASCII message and finally shows Decrypted Message as entered message, see 

figure 5: 

 

 

 

Figure 5: ASCII code and Decrypted Message 

 

VI. CONCLUSION 

In this paper an algorithm is proposed for RSA a method for implementing a public-key cryptosystem (RSA) 

using two public key and some mathematical relation.This two public keys are sent separately, this makes the 

attacker not to get much knowledge about the key and unable to decrypt the message. The proposed RSA is used 

for system that needs high security with normal speed. As a future work multiple file encryption and decryption 
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can be possible. It has broad development prospects. The project application was designed to take the efficiency 

and reusability into account. Great level of security is achieved using this algorithm. Modified RSA algorithm 

for file transmission algorithm can be used where high security file transmission required in public forums. 
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ABSTRACT 

The abrasion wear resistance of 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 austenitization temperature of 975
0
C for the period of 

1hr and quenching in salt bath at temperature 400
0
C for the period of 2hr,4hr respectively. The microstructure 

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. Carbidic ductile iron (CDI) as-cast samples were 

taken as reference material to determine the relative hardness on 150kg load on C scale, micro hardness on 200 

gm., X-ray diffraction (XRD), scanning electron microscope(SEM) and checking its wear properties on 2 kg 

load at 400rpm for 100 minutes and calculate weight reduce . The results obtained, allow to establishing a 

relationship between Cr content in the alloy, austempering parameters, microstructure and mechanical 

properties of CADI. It was found that increase in the CE, content in CADI increases the volume fraction of 

Carbides in an alloy which resulted in to enhancement in hardness and wear resistance. 

 

Keywords:  Abrasion, Austempering temperature, Ausferrite, Carbides, Carbidic austempered 

ductile iron, hardness, Microstructure, SEM, XRD. 

  

I. 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.  
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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 controlled properly in order to obtain the maximum 

abrasion resistance. One of the methodologies commonly used to obtain a microstructure with as-cast carbides is 

to reduce the quantity of graphitizing elements (in particular Si), in order to promote the precipitation of 

ledeburitic carbides during solidification due to a closer interval between the stable and metastable 

diagrams[14]. A second option is to alloy the melt with carbide stabilizing elements, such as chromium, 

molybdenum or titanium [4],[5], which strongly reduce the interval between stable and metastable eutectic 

temperatures and promote total or partial solidification according to the metastable diagram[6]. It must be taken 

into account that an under cooling also affects the size and count of the solidification units, and therefore, the 

micro segregation.  

The lower the cooling rate, the greater the micro segregation effect increasing the probability for carbide 

precipitation at the last to freeze zones[14], therefore, the formation of alloyed carbides. Then, the size and 

composition of carbides may vary, from typical unalloyed ledeburitic to thin plate shaped high-alloyed carbides, 

depending on the chemical composition and cooling rate [6], [7], [8], [9]. It was demonstrated that ledeburitic 

carbides produced either by controlling the cooling rate or the silicon level (non alloyed carbides) have a high 

tendency to dissolve during the austenitizing stage and are less stable than alloyed carbides. Alloyed carbides 

are stable no dissolution during heat treatment [16]. The objective of this work is to produce variants of CADI, 

studying their micro structural characteristics and evaluating the abrasion resistance, X-ray diffraction of 

material, scanning electron microscope and hardness testing. 

 

II. EXPERIMENTAL PROCEDURE 

2.1 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. Sample bars of size 

15x15x200mm. CADI samples were obtained from  heats alloyed with Cr after a heat treatment involving an 

Austenitizing stage of temperature 975°C in a muffle furnace for Tg-1h, followed by an austempering step in a 

salt bath at Ta 400°C during quenching time ta-2h,4h. Thus obtained test bars are sliced in 15mm long to test 
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sample for micro structural characterization and hardness measurement. The wear samples Sliced of about 

15x15x50mm long of 8mm diameter cut with EDM wire cut for as-cast, as well as for CADI wear samples 

preparation. 

 

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

 

Table 1.Chemical Composition of As-cast CDI 

Alloying  

elements 

% 

C  Si Mn S P Cr Cu Ni Ti Mg CE 

C4 3.60 1.90 0.64 0.0122 0.0294 4.30 0.610 0.431 0.016 0.044 4.23 

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 

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 200x. 

 

2.2 Chemical and Micro Structural Examination  

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 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 X500.Each reported value is 

the average of six 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 (V200). 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 14325 meter, at 400rpm and track radius 57mm). The relative weight loss of CADI sample obtain 

by calculating initial weight and final weight of sample. 
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Fig.2 Show the Wear Samples of CADI 8mm Diameter and Counter Face Wear Base Plate. 

 

2.4 X-Ray Diffracto Meter (XRD) OF CADI Material 

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 of C4 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.  

 

2.5 Scanning Electron Microscopy (SEM) of CADI Sample 

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

Scanning Electron Microscope on C4 sample at different magnification from x500 to x2500 by secondary 

electron and photo micrographs are presented in the result and 10μm scale can be used to measure carbides, 

graphite and Ausferrite. 

 

III. RESULT AND DISCUSSION 

3.1 Chemical and Microstructural Characterization 

Table 1 lists the chemical compositions of Carbidic Ductile Irons C4. It should be noted that C4 (CE=4.23%) 

nearly eutectic and alloyed with 4.30% Cr. All heats were alloyed with chromium in order to promote partial 

solidification according to the Fe–C metastable diagram [14]. This, in addition to the micro segregation effect, 

led to alloyed eutectic carbides formation. Fig 2a and 2b shows the microstructure of austempered sample C4 at 

975
0
c and quenched at 400

0
c for 2 hr and Fig 3a and 3b shows the microstructure of austempered sample C4 at 

975
0
c and quenched at 400

0
c for 4 hr. Following microstructures shows the carbides, graphite nodules and 

Ausferrite. In 2hr sample the carbides precipitated in grain boundaries and in 4 hr sample carbides are at random 

in thick net plate needle form. After austempering CADI samples, the matrix was ausferritic exhibiting the 

typical morphology, there is no change in the morphology and volume % of carbide. The carbide precipitated as 

a function of the Cr%, CE and Silicon.  

 



 

1002 | P a g e  

                                   

Fig. 3(a) C4-400
o
c-2hr-200x shows carbides and  

Graphite nodules                                                                       Fig.3(b) C4-400
o
c-2hr-200x shows ausferrite. 

 

                             

     Fig. 4(a)C4-4hr-200x shows carbides and Ausferrite.       Fig.4(b)C4-400
0
c-4hr200x shows carbides and   

                                                                                                                       Graphite nodules.                                            

                                                        

Fig.5 Show Microstructure of Austenitized at 900ºC Austempered at400ºC-2h at 500X. 

 

3.2 Mechanical Proporties 

3.2.1 Hardness Tests 

The Rockwell hardness foe 150 kg load on C-scale was determined for samples C4-400
0
c-2hr and C4-400

0
c-4hr  

bulk hardness was determined as average of three measurements. The bulk hardness of 2 hr sample is 60 HRC 

and bulk hardness of 4 hr sample is 54 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 

Carbide

ee 

Ausferrite 

Gr. nodules 

carbide 

Gr. nodules 

Ausferrite 

Carbide 
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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 593.3HV200 

to 632.6HV200 for 2 hr sample and 527.3HV200 to632.9HV200 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. 

 

Fig.6 Variation of Bulk Hardness with Austempering Time of C4 

3.2.2 Wear Resistance 

The Pin on disc wear test is conducted in accordance with ASTM G-99 standard [11]. Table 2 shows the weight 

loss values for the sample C4-975
0
c-400

o
c-2hr and C4-975

0
c-400

o
c-4hr measured on pin of 8mm diameter 

40mm long and Diamond ring disc. The least wear resistance is obtained in C4-975
0
c-400

o
c-4hr and Maximum 

wear resistance is obtained in C4-975
0
c-400

o
c-2hr.Figure 4 shows the graph of weight loss values obtained from 

samples at the austempering temperatures 400
0
C and two quenching times 2hr and 4hr. The weight loss obtained 

of two samples by evaluating the initial weight and final weight of the pin. Weight loss is the functions of the 

chromium content, carbon equivalent, austempering heat treatment parameters and microstructure matrix. In 

case of C4-975
0
c-400

o
c-2hr; the Cr% is 4.30% it has been shown more wear resistant. As evaluating the 

hardness value of samples, it is found that more the hardness value less is the wear of material and less hardness 

value more wear occurred .The result will shown in graph . Weight loss for sample C4 975ºC-1h 400ºC-3h is 

calculated with the formula:  

 …….. Eq 1 

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

              X= time in hour = 3h 

            Y1= weight loss in gram(2h) = 0.008 

            X1= time in hour = 2h 

            Y2= weight loss in gram(4h) = 0.029 

            X2= time in hour = 4h 

Putting this values in eq
n
 1, 
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Y= 0.0185 gm 

Therefore weight loss for sample is C4 975ºC-1h 400ºC-3h  0.0185gm. 

 

Fig 7.wt. Reduced in gm Vs. austempering time in h. 

 

Table 2. Pin on Disc Wear Testing Results of Samples 

        

Sr. No. 

sample name Wt.loss in gm. 

1 C4-975
0
c-400

o
c-2hr 0.008 

2 C4-975
0
c-400

o
c-3hr 0.0185 

s3 C4-975
0
c-400

o
c-4hr 0.029 

 

3.3 XRD and SEM of CADI Material 

3.3.1 XRD and SEM of sample C4-975
0
c-400

o
c-2hr  

The microstructure shows above the carbide in the form of variable thickness net immersed in the matrix and the 

matrix consist of ferrite and Austenite, the same is observed in the SEM image which is taken at 2500X 

magnification, which shows the carbide is immersed in the ferrite and Austenite matrix.  XRD shows iron 

carbide peaks at 220, 321, Austenite peaks at 200, Martensite peaks at 211 planes and ferrite peaks at 220 plane. 

Due to alloying with Cr; the graphite nodule formation is poor. 
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Fig.8(a) show SEM of C4 at 2500x.                                                        Fig.8(b) show as XRD of C4. 
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Fig. 9(a)Show SEM image 900
0
c 400

0
c 2h at 5000X.          Fig.9(b) Show XRD of 900

0
c 400

0
c 2h. 

3.3.2 XRD and SEM of sample C4-975
0
c-400

o
c-4hr  

The microstructure shows above the carbide in the form of variable thickness net immersed in the matrix and the 

matrix consist of ferrite and Austenite, the same is observed in the SEM image which is taken at 2500X 

magnification, which shows the carbide is immersed in the ferrite and Austenite matrix.  XRD shows iron 

carbide peaks at 221, 212,060 plane, Chromium iron carbide peaks at 511 planes and ferrite peaks at 

200,211,220 plane. Due to alloying with Cr; the graphite nodule formation is poor. 

 

 

Carbide 

Carbide 

bide 

Carbide 

 

Ausferrite 
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 Fig.10(a)show SEM of C4 at 2500x.                                          Fig. 10(b) show as XRD of C4. 

  

IV. APPLICATION 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 3000C is 

currently being assessed by field tests, using a conventional ADI also austempered at 3000C 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 4.30%. 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 4.30% Cr precipitates the thick circular form carbides 

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

sample C4 975ºC-1h 400ºC-4h, with the chromium content (4.30% Cr) and (CE=4.23%) the austempering 

temperature (400ºC-4hr).The hardness of the material is relative to the wear resistance properties. As the 

hardness of material increases the wear resistance properties increase and vice versa. 

 

 

carbide 

Ausferrite 
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