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Abstract 

 

Material handling systems is used for continuous movement of material from one point to another. They are uncommon in service 

systems. Material is conveyed everywhere in a factory or warehouse—before, during, and after processing. Material handling work 

should be minimized without compromising production or the level of quality required of the operation. Material handling 

operations should be mechanized and/or automated where feasible to improve operational efficiency, increase reaction, improve 

uniformity and unavoidability, decrease operating costs, and eliminate recurring or potentially unsafe manual labor. The intelligent 

system approach to selection of conveyor provides advantages of unbiased decision making, greater availability, faster response, 

and reduced cost as compared to human experts. This paper discuses the design and analysis of material handling system- Conveyor 

system.  

Keywords: Low Cost Automation, Material Handling System, Conveyors, Conveyor selection, Decision making, rolling 

contact, rolling friction material handling equipment, materials handling system 

_______________________________________________________________________________________________________ 

I. INTRODUCTION 

 Expressed in simple language, material handling is loading, moving and unloading of materials. To do it carefully and cheaply, 

different types of tackles, gadgets and equipment are used, when the materials handling is referred to as mechanical handling of 

materials. Any human activity involving materials need materials handling. However, in the field of engineering and technology, 

the term materials handling is used with reference to industrial activity. In any industry, be it big or small, manufacturing or 

construction work, material have to be handled as raw material, intermediate goods or finished product from the point of receipt 

and storage of raw materials, through production processes and up to finished goods storage and dispatch points. Material handling 

is not a production process and does not add to the value of the product. It also cost money; therefore it must be eliminated or at 

least reduce as much as possible. Depending on the weight, volume and throughput of materials, mechanical handling of materials 

may become unavoidable. In many cases, mechanical handling reduces the cost of manual handling of materials, where such 

material handling is highly desirable. All these facts indicate that types and extent of use of material handling should be carefully 

designed to suit the application and which become cost effective. 

The essential requirements of a good materials handling system may be summarized as: 

1) Efficient and safe movement of materials to the desired place. 

2) Timely movement of material when needed. 

3) Supply of material at desired rate. 

4) Storing of materials utilizing minimum space. 
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Fig. 1: Chain Conveyor 

 Problem Statement 

The concept behind design of the system should be as per customer requirements. The customer requirements are as follows: 
Table - 1 

Customer Requirements 

Sr. No. Description Specifications/Requirements 

 Critical inputs for design  

1 Basic Component details Hex rod A/F=22/25mm & length from 0.9 to 9m. Min wt=3kg to Max 30 kg. 

2 Min Component in buffer for machining 40 nos. 

3 Load & Unload of the two component Individually powered 

4 Cycle time 5 min per cycle for loading & unloading parallel operation per side. 

5 Component to be loaded at a time 02 nos. 

6 Conveyor pitch Equal or in Multiple to fixture pitch -16 inches 

 Possible Solutions 

The problem outlined in customer requirements is thus related to material handling. Any material handling process consists of 

three activities: 

1) Picking up the load  

2) Transporting the load  

3) Setting the load down 

 Classification of material handling equipment 

The material handling equipments are classified into three groups: 

1) Hoisting equipment 

2) Conveying equipment 

3) Surface and overhead equipment 

In our case, the loading and unloading is a manual operation and it should carry a batch of minimum 45 rods. As such, this 

loading is not possible by hoisting machine. Also, the raw material to be handled varies in a large range from 0.9m to 9m in length 

and from 2.7kg to 27 kg in weight. This limits the use of manual or automatic trolley. Therefore, we select an automatic conveyor 

system. 

Conveyor system has many advantages like 

 Large conveying capacities at desired speeds. 

 Ability to transport unit loads as well as bulky and heavy loads over large distances. 

 Fairly high structural rigidity. 

 Cost effective 

 Labor saving 

 Environmentally acceptable 

 Versatile 

 Compact size 

There are different conveyor types as already stated above. But belt and chain conveyors are most commonly used. 

Out of the two we selected chain conveyor considering its advantages over belt conveyors as follows- 

 Do not slip or creep (no power loss from slippage) 
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 More compact for given capacity 

 Lower loads on shafts 

 Easy to install 

 Not affected by sun, heat, or flu 

 Do not deteriorate with age 

 More effective at lower speeds 

 Require little adjustment 

In addition, the large variations in weight of rods will cause of over-sizing of belt in belt conveyors. This will add considerably 

to the cost. 

Chain conveyor can carry large loads with minimum friction. It gives accurate positioning even at slow speeds. It also provides 

surface for attaching pallets which can be designed to hold the jobs in proper orientation. This proper orientation is a necessity in 

our case for ease of operation of gripping system. 

So, out of all possible solutions chain conveyor is the most suitable solution. 

II. LITERATURE REVIEW 

 Optimization Model 

The optimization modeling approaches reported in previous research are focused on the improvement of the utilization of MHE. 

A minimum cost MHE is selected first and then some moves are assigned to the MHE until its utilization meets an acceptable 

level. Moshe et al. (1985) formulated the selection problem as an integer program with the objective of minimizing the total 

operating and purchasing costs of the selected MHE. Two sets of constraints are specified. The first set of constraints ensures that 

every move is assigned to only one MHE type. The second set ensures that the time required by all moves does not exceed the 

available operating time of the selected number of units of the equipment. The problem is solved using a heuristic algorithm. The 

interesting aspect in the heuristic is that when the MHE types are considered one at a time it reveals some similarities between the 

MHE selection problem and both the loading and knapsack problem. Knowledge-based Rules:-  

The MHE selection problem is difficult and knowledge-intensive because there are several feasible solutions of varying 

efficiency, and numerous and conflicting objective functions. Thus, the use of a knowledge-based rule approach has been proposed 

in solving the problems of MHE selection. This approach emulates the decision-making process of a Human expert in a given area. 

Even though the decision procedure is complicated and not well understood, knowledge-based rules have been used to a limited 

extent in some problem areas Combined Knowledge-based Rules and Optimization Approach:-  

Because of the complexities involved in the problem of selection of MHE, knowledge-based rules seem to have great potential 

for this problem. However, a general limitation of knowledge-base approaches is that they commonly suggest feasible alternatives 

based on certain requirement and no attempts are performed to optimize the overall material-handling system. Even though hybrid 

knowledge-based rules and optimization approaches have been rarely applied in MHE selection problems until now, they have 

great potential consists of rules and facts to determine the possibility of using a MHE type for a material flow link specified by 

users. The optimization part suggests the layout of machines to minimize the material-handling costs and the dead space in the 

given layout using a multi-criteria optimization model. The optimization procedure consists of two stages in which concepts in 

Abdou (1989) and Hassan (1985) are incorporated into a modified algorithm. During the first stage, the procedure finds the 

minimum cost MHE for each move without trying to maximize the utilization of the MHE. During the second stage, the algorithm 

attempts to maximize the utilization of MHE. The objective function of the optimization model minimizes material handling cost, 

aisle space usage, and dead space in the layout. They use penalty cost values per unit area of aisle space to measure the cost of 

aisle space. These papers proposed models for the calculation of material handling cost that include both the investment cost and 

operating cost of MHE. The domain of the knowledge-based rules was limited to heavy industrial equipment situations. 

 Chain Selection Steps 

In order the Ensure a correct approach to the selection of conveyor chain the following point should be considered. 

1) Type of conveyor  

2) Total load be carried  

3) Chain speed 

4) Type of attachment  

5) Operating condition 

6) Lubrication  

7) Chain braking load  

III. CHAIN DESIGN 

We have selected the simplex roller chain to convey rods. We have used 2 simplex chains instead of duplex chain for cost reduction 

and stability of attachments. 

Advantages of roller chain over sliding chain as follow   
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 Smooth operation, less pulsation  

 Lower friction which permits longer distance, smaller motors and lower operating cost. 

 Less HP required. 

Advantage of using 2 chains: 

1) Uniform speed 

2) Less lateral improvement 

3) Much more rigidity. 

 Calculating Chain Pull: 

Chain is that force required removing the chain, the connected mechanical parts and load to be conveyed. The chain pull required 

for a particulars application is dependent on following factor: 

1) Weight of material carried. 

2) Weight of chains and support element (slats, swing trays, cross bar etc.) 

3) Coefficient of friction. 

4) Service factor 

5) Gearing factor 

The calculating for chain pull is carried out in phases: 

 The preliminary phase, a calculating which determinates type of chain required by the chain weights and coefficient of friction. 

 The second phase, a control calculation, confirms preliminary chain weight and coefficient of friction by substituting actual 

value of identify chain. 

 Weights of material carried=P1[Kg]  

Total weight of all rods that being carried (considering max) plus chain and attachments weights. 

 Weights of chain=P[Kg] 

For the preliminary calculation this the approximate weight of entire chain circuit including any attachment. For the control 

calculation it is the actual weights of the entire chain circuit. 

 Coefficient of Friction: 

The coefficient of friction is the value that defines force necessary to overcome resistance to movement when two bodies are in 

contact when operating in a “sliding” mode along a track, chain must overcome sliding friction ”Fr.” Typical value for sliding 

friction coefficients are outlined in the following table, 
Table - 2 

Coefficient Of Friction 

Bodies in Contact Fr. dry surface Fr. lubrication Surface 

Steel chains on hardwood tracks 0.44 0.29 

Steel chains on steel tracks 0.30 0.20 

Steel chains on rough or rusty tracks 0.35 0.25 

Steel chains on tracks of high density very high molecular weight 0.18 0.05 

 Service factor (Fs.): 

Chain pull must be multiplied by an adjustment coefficient (FS) to take account of operational condition and characteristics of the 

conveyors. FS values for the most common applications are outlined in the following tables. 
Table - 3 

Service factor (Fs.) 

Operating condition  
Load position 

-centred 

-not centred 

 

1 

1.2 

Load characteristics 

-uniform extent of overloading less than 5% 

-with minor variation extent of overloading 5 to 20 % 

-with major variation extent of overloading 20 to 40% 

 

1 

1.2 

1.5 

Frequency of loaded starting/stopping 

-less than 5 per day 

-from 5per day to 2 per hour 

-more than 2 per hour 

 

1 

1.2 

1.5 

Working environment 

-relatively clean 

-quite dusty or dirty 

-humid, very dirty or corrosive 

 

1 

1.2 

1.3 

To obtain the total FS coefficient, (FS) value for each operational condition must be multiplied together. 
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IV. DETERMINING THE TYPE OF CHAIN TO USE 

 Having established the maximum chain pull, the maximum stress that chain components will be considered. 

 It is generally accepted that a chain, working at 65% of the breaking load will be stressed beyond the ‘elastic limit’ of the side 

plate material. 

 In order to provide sufficient margin of safety, the chain breaking load should therefore be at least 8 times the maximum 

working load. 

 This safety margin is known as the safety factor. 

 It is essential that an adequate safety factor is provided and in case where variations in chain pull values are difficult to quantify, 

the Technical Office should be consulted. 

 In situation where high density loads are moved on small conveyor surface, the calculation of chain pull alone is not always 

sufficient to identify chain type. 

 In these instances, the specific pressure values between the rollers/bushes and bushes/pins should also be considered. 

 Selection of Single Strand Chain Over Duplex Chain 

The length of raw material (rods) for conveyor varies from 0.9 to 9m. However, the distance between the first two supports is fixed 

and it is 565mm.So, the attachment which is to hold these rods must be able to width stand bending stress due to long lengths and 

large overhang on one side in case of rods of 1>3m. Therefore, to strengthen attachment is modified and used. 

For this modification, a duplex chain is needed, so that one every side there is one duplex chain instead of a single chain. 

However, to minimize cost instead of using a duplex chain directly, we have selected two simplex chains which are used side 

by side and inter connected by the means of the modified attachment. 

From the prices mentioned in a catalogue show consider the price of simplex and duplex chain of same pitch and type, say type 

16B- 

Price of 1 simplex 16B chain= 5287.373 Rs. 

Price of 4 such 16B-1 chains= 21149.492 Rs 

Price of 1 duplex 16B chain= 29297.33 Rs 

sPrice of 2 16B-2 chains= 58594.66 Rs 

Therefore, it is quite clear that use of simplex chain instead of duplex chain give an advantage of cost optimization. But it should 

be ensure that proper mechanical strength is obtained. 

 Calculation and Selection 

 Nomenclature  

Designation Quantity  

P Pitch of chain Mm 

Z Number of sprocket teeth  

D PCD of sprocket Mm 

V Velocity of conveyor m/min 

M Coefficient of friction  

N RPM of sprocket Rpm 

NI Minimum no. Of rods desired  

 

 Pitch of chain  

According to customer I/p, max velocity permitted and cycle time requirement   

The pitch selected is p= 25 .4 Mm 

Length of chain   

Minimum no. Of rods (NI)= 45  

Number of links between two successive rods= 3  

Length of upper span of chain 3429 Mm 

 Number of teeth of sprocket  

Assumed D= 250 Mm 

   

Z= Pi*D/p 30.90551 =31 

 

Power to be transmitted    

Customer requirement: Min.40 rods to be transmitted   

Assuming max. Load of 45 rods of 9m length    

Therefore,    

Weight of material (rods)= 45*30= 1350 Kg 
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From catalogue weight of chain= 2.71 Kg/m 

Weight of chain for total length= 18.58518 Kg 

4 simplex chains, 4*weight of each chain=74.34072 Kg 

Consider factor 1.2 (to account for weight of attachments and sprocket)   

So, weight of chain is increased by factor   

Final weight of chain= 89.208864 Kg 

Total chain weight= Material weight+ chain weight  

Total load= 1439.208864 Kg 

 1440 Kg 

 

Total Chain Pull (F)    

F=fs*(1+fr)*F1*9.81/No. Of chains  13730.8608 N 

  13.7308608 KN 

Torque (T)    

T= F*D/2= 1761.239 Nm 

Power to be transmitted (P)    

P= 2*Pi*N*T/60= 2.34950500416 Kw 

Total chain pull is quite less compared to the minimum tensile strength of the selected chain. The minimum tensile strength of 

selected chain is 60 KN .So, it is safe to use this chain from strength point of view .The chain is now checked for maximum pressure 

between roller and bush and bush pin. If this is within allowable limits the chain is safe to be used. 

 Polygonal effect in Chain 

Polygonal effect in chain is due to improper engagement of chain and sprocket teeth which result in variation in velocity of chain. 

Polygonal effect is given by – 

(Vmax-Vmin) α (1-cos (180/z)) 

Where Vmax-Vmin gives variation in velocity  

Z:  Number of teeth sprocket     

For sprocket with teeth 19, the variation in velocity is approximately 1% 

Therefore, for sprocket with Z=31, the polygonal effect is negligible & can be neglected. 

Therefore, the selection of this chain is safe from all aspects. 

 Attachment Design 

 Attachment Drawing: 

 
 Attachment Calculations: 

Attachment is defined by dimensional characteristics from a standard table or, in the case of special attachment, by a precisely 

detailed drawing. 

The chain identifying code also includes & specifies how the attachment is to be put in to position, how many holes it must 

have, etc. as follows: 
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M = for single sided vertical attachment  

1= for single holed attachments 

2= for double holed attachments 

3=for triple holed attachments 

01=for attachment every pitch  

02= for attachment every two pitches 

10= for attachments every 10 pitches 

The rods are supported on the chain with the attachments. The distance between two sprockets is fixed due to space limitation 

at unloading station. Also the overhang on the machining side is fixed according to machining requirement. Thus the rods are act 

as simply supported beam, supported at only two position for rods of length greater than 1.6 m a third support is required which is 

provided by a continuous  rod running parallel to the chains. However at site the third support is provided by another chain conveyor 

instead of continuous rod.  

Attachment No M2-04 

Required dimension of the attachment are not standardize. Therefore, we get it fabricated separately.  

In this conveyor there is possibility of the rods tilting or slipping. Here it is not possible to maintain proper distance between 

rods and their orientation. Due to this, some guiding fixture or pallet is needed which restrict of the rods accepts in axial direction. 

 Detailed Design of Attachments 

 
Fig. 2: attachment isometric view 

We have selected mild steel as attachment material. Mild steel sheets provide the required strength, can be easily machined and 

are of economical as well. The attachments thickness calculation on the basis of force acting on it is gives a very low value (around 

3 mm) Accordingly to the cross section of the rods to be carried, the value of various dimensions of the attachments are selected . 

The holes are kept for attaching the attachments to chain links. The chain inner and outer links are fastened using roller pins. The 

distance between the holes is kept so that it matches with the chain pitches and thus the same roller pins can be used to attach the 

fixture to the chain. 

V. FINITE ELEMENT ANALYSIS 

 Total Deformation During Conveying 
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 Equivalent Stress During Conveying 

 

 Total Deformation During Unloading 

 

VI. FRAME DESIGN 

 Frame Drawing 

 

 Two Supports 

The rods are supported on the chain with the help of attachments. For machining purpose there is fixed overhang on the machining 

side of the rods i.e. 115mm. The distance between two sprockets is limited to 565 mm because the machined part for smaller 
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lengths rod would interfere with the attachments. This gives more overhang on the other side. Thus, the rod act as simply supported 

beam, supported at only two position. The rods up to 1600mm lengths are supported safely by the two support. 

The bending moment and shear stress calculation for rod of lengths less than 1600 mm are as follows. 

 
The material for the rods is carbon steel. Accordingly itproperties are  

(From design data book)       

Yield strength (Sty) = 400n/mm² 

Thus, we can conclude that for steel rod up to 2mm length the supports by the chain are sufficient. The shear stress and bending 

stress are with in permissible limits. 

 

 

 Reactions for Rod with Two Supports 

Weight per unit length of rod (load) kg/Min 0.003 

Length of rod in mm 900 

Fixed overhang on side A in mm 115 

Dist between two supports in mm 565 

Overhang on side B in mm 220 

Design for horizontal beam AB  

Sel load (N) 26.487 

Udl N/mm 0.02943 

Reaction at A (N) 10.78232 

Reaction at B (N) 15.70468 

Bending  moment at A N/mm -194.606 

Bending moment at C N/mm 720.943 

Bending moment at B N-mm -712.206 
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Calculation for shear stress      

W 0.02943 N/mm Ra= 10.78232 N 

Max shear force 7.39787 N    

Shear stress (T) (S*A*y)/I*B     

Where      

S= max shear force      

A*y’=product of area consider and distance of it CG 

from N.A 
     

I = M.I of the area A about N.A      

B= width of area      

S= 7.39787     

A= ½*(12.7+25.3948)*11  209.5214 mm²  

Y’ (A1Y1+A2Y2+A3Y3)/(A1+A2+A3)     

A1 ½*6.3474*11 34.9107 Y1= 11/3 3.6667 

A2 12.7*11 139.7 Y2 11/2 5.5 

A3 ½*6.3474*11 34.9107 Y1= 11/3 3.6667 

Y’ 4.889066832     

I 0.5413sˆ4     

S 12.7     

I 14081.62942     

B 25.3948     

i.e. shear stress T  0.021192    

 Bending Stress Calculation for Two Support 

INPUT DATA    

Max bending moment BM 720.943 N/mm 

Distance from neutral axis Y 11 mm 

Moment of inertia about x-axis Ixx 14081.63 mmˆ4 

Allowable bending stress SaLL 0 N/mm² 

Length of side of hex C/S S 12.7 Mm 

yield strength of rod material Sut  n/mm² 

VII. CONCLUSION  

This research established the fact that a MHS consists of three main pillars; design principles and physical elements, information 

and software, human and management, which are equally important in order to achieve a well-functioning MHS on a manufacturing 

shop floor. Moreover, based on the comprehensive literature review and case company investigation the existing issues with the 

traditional MHS (manual transportation & forklift transportation) were identified and categorized as; delivery performance, buffer 

levels, operation costs, delivery quality, information flow, and safety. To cope with the mentioned problems above various methods 

and techniques such as JIT concept, standardized work methods, hybrid pull/push system, AGV system, and etc. were suggested. 

However, the core element in an effective and efficient MHS was pointed out as real-time information sharing. The latter fact 

enables companies to rapidly react to different requests and changes on the shop floor area; and thereby, to obtain increased delivery 

performance and decreased buffer levels. It was also clearly argued that by integrating information technology with production 

processes many undesirable material handling activities could be easily avoided, in addition, the companies would be able to attain 

increased space efficiency on the production/assembly area and decreased work in process (WIP). 
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