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Abstract— Telescopic mechanism describes the movement of one part sliding or rolling out from another, lengthening an object (such 

as a telescope or the lift arm of an aerial work platform) from its rest state. In modern equipment this can be achieved by hydraulics, 

but pulleys are generally used for simpler designs such as extendable ladders & security gates. The methodology consists of selecting a 

mechanism, assessing the feasibility, followed by current process study. A case study has been presented to demonstrate the achieved 

space saving. In this study an analysis of critical parts is done to find the natural frequencies of the component. Thispaper concludes 

the need for telescopic mechanism in material handling and gives an outlook on the design procedure for the same. 
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I. Introduction 

Automated materials handling (AMH) refers to any automation that reduces or eliminates the need for humans to check-in, 

check-out, sort material, or to move totes and bins containing library material.The mechanical equipment used in AMH systems 

includes check-in machines, sorters, conveyors, singulators, stackers and unstackers, totes, bins, trolleys, and tote carriers. 

Somewhere in the process there must be a scanner to read the bar code or a reader to read the RFID tag (or both.) Various belts, 

pulleys, chutes, slides, and laser beams are used to ensure bins don't overflow and to get each item oriented correctly and 

pushed or carried into the right tote or bin. Self-check-out machines are sometimes lumped into the AMH category because they 

take the check-out step out of the hands of staff. However, they do so by having the patron do it themselves so it is more of a 

self-service feature than automation. 

Types of Automation: 

Three types of automation in production can be distinguished: (1) fixed automation, (2) programmable automation, and (3) 

flexible automation. 

Fixed automation, also known as “hard automation,” refers to an automated production facility in which the sequence of 

processing operations is fixed by the equipment configuration. In effect, the programmed commands are contained in the 

machines in the form of cams, gears, wiring, and other hardware that is not easily changed over from one product style to 

another. This form of automation is characterized by high initial investment and high production rates. It is therefore suitable for 

products that are made in large volumes. Examples of fixed automation include machining transfer lines found in the 

automotive industry, automatic assembly machines, and certain chemical processes. Programmable automation is a form of 

automation for producing products in batches. The products are made in batch quantities ranging from several dozen to several 

thousand units at a time. For each new batch, the production equipment must be reprogrammed and changed over to 

accommodate the new product style. Flexible automation is an extension of programmable automation. In flexible automation, 

the variety of products is sufficiently limited so that the changeover of the equipment can be done very quickly and 

automatically. The reprogramming of the equipment in flexible automation is done off-line; that is, the programming is 

accomplished at a computer terminal without using the production equipment itself. Material handling involves short-distance 

movement within the confines of a building or between a building and a transportation vehicle. It uses a wide range of manual, 

semi-automated, and automated equipment and includes consideration of the protection, storage, and control of materials 

throughout their manufacturing,Material handling plays an important role in manufacturing and logistics, which together 

represent over 20% of the Indian economy. Almost every item of physical commerce was transported on a conveyor or lift truck 

or other type of material handling equipment in manufacturing plants, warehouses, and retail stores. While material handling is 

usually required as part of every production worker's job, companies use automated material handling equipment because it 

increases productivity and reduces waste, which results in significant cost saving. These operators use material handling 

equipment to transport various goods in a variety of industrial settings including moving construction materials around building 

sites or moving goods onto ships. 

II. Background 

A brief study of various possible mechanisms was conducted. The advantages and disadvantages of the mechanisms were noted 

and the appropriate mechanism is selected for completing the required task. Whitworth quick return mechanism is used to 

increase the speed of a useless stroke in quick return mechanism. This is basically converting a rotary motion into reciprocating 

motion. The slotted lever mechanism is used in Shaper machines for quick return mechanism; while Whitworth mechanism is 
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used in Slotting machine. Also, the velocity of forward stroke in Crank and slotted lever mechanism remains same for different 

stroke length while the velocity of return stroke decreases for smaller stroke lengths. 

In material handling systems the mechanism is expected to stay stationary for a certain period in 2 positions i.e. in fully 

retracted position to load the component and fully extended position to unload the component. Usually a motor is designed for 

continuous operation and if it is used for intermittent motion, it may result in decreasing the life of motor and will lead to early 

failure. A solenoid valve is inherently designed for this purpose. 

This advertently gave rise to telescopic mechanism. The use of this mechanism leads to relatively less wear of components, the 

same task can be performed with less power requirements (will be proved later), and requires only a solenoid valve leading to 

cost saving. 

 

Fig.1 Telescopic Mechanism   

 

III. Literature Review 

Xiao Yanjun et al.[1] stated that one of the most important transmission techniques is gear and rack transmission system. Gear 

and rack transmission system provides high transmission efficiency, strong load carrying capacity and stability in the 

transmission ratio. As the stability of the rack and gear system increases, the regular operation efficiency of the whole 

mechanical system is influenced and it increases. Also, the modal analysis of the rack and gear system is carried out in order to 

determine the natural frequencies to which the rack and gear system is subjected. Then it is compared with the operating 

frequency. Haseena Bee et al[2]. states that rack and pinion gears are used to convert rotary motion into linear motion. They are 

used to transmit power with high velocity ratio. During transmission, high stress is developed at the point of contact. Teeth 

flanks are subjected to high amount of pressure and due to repeated stresses; tooth breakage at the root occurs leading to gear 

failure. Tony Lehrer et al.[3] explores statistically significant factors affecting the performance of new automated storage and 

retrieval system technology called a Shuttle-Based Storage and Retrieval System (SBS/RS), under pre-defined factors by using 

Design of Experiment (DOE). Sunderesh S et al[4]. performed a simulation based regression analysis for rack configuration of 

an autonomous vehicle storage and retrieval system (AVS/RS) is presented. A mathematical function for rack configuration of 

an AVS/RS is developed that reflects the relationship between the output (response) and the input variables (factors) of the 

system. In this system, autonomous vehicles (AVs) function as storage/retrieval (S/R) devices. The most important difference 

between an AVS/RS and a traditional crane-based automated storage and retrieval system (AS/RS) is the movement pattern of 

the S/R device. 

IV. Case Study 

In order to achieve practicality, a real life problem has been considered in this publication. The problem was encountered in 

R2A automation in which the main constraint was space. 

Following were the objectives of the case study:- 

1. To design the mechanism such that the longitudinal space requirement is reduced from approximately 2000mm to 900mm. 

2. To verify the calculated parameters using analysis of mechanism. 

3. Assembling the mechanism based on decided parameters. 
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All these objectives were completed using Telescopic mechanism which consisted of 2 racks and pinion. 

 

Fig.2 Problem Layout 

 

 Fig.3 Working Principle [5] 

 

The following assumptions were made during design procedure:- 

1. The full load is applied to the tip of a single tooth in static condition. 

2. The radial component is negligible. 

3. The load is distributed uniformly across the full face width. 

4. Forces due to tooth sliding friction are negligible. 

5. Stress concentration in the tooth fillet is negligible.[6] 

An analogy was made between the rail carrying block supported by L.M. guide and cantilever beam loaded at end and the cross 

section of beam was calculated using the permissible deflection (.002m). The minimum rack length required for the application 

was known. Hence an appropriate pair of rack and pinion was selected from the respective catalogues. The bending strength and 

wear strength was calculated using Lewis formula. The AGMA code was ignored as high amount of accuracy was not needed 

and appropriate factors of safety are considered in previous calculations. The actual tangential force acting on the pinion were 

calculated and later compared with beam strength and wear strength. By trial and error method an appropriate module was 

selected. Similarly the auxiliary equipment like L.M.Guide, Ballbearing, cylinderetc. were also selected. 
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Fig.4 Final Assembly 

V. CONCLUSIONS 

In this paper, the necessity of telescopic mechanism is demonstrated. A brief study of various alternative mechanisms is also 

conducted to assess their feasibility. In the case study that was conducted, complete design of the mechanism was done and it 

was determined that a saving of 400mm in the stroke length of hydraulic cylinder is achieved. Moreover, the longitudinal space 

requirement was reduced from 2000mm to 900mm.Due to inherent properties of telescopic mechanism, the speed of material 

transfer was also doubled(2x). 
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