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Abstract: ASRS is usually installed in a factory or warehouse to increase storage capacity, floor space utilization, labor 

productivity in storage operations and stock rotations etc. ASRS systems are custom-planned for each individual application, 

and they range in complexity from relatively small mechanized systems that are controlled manually to very large computer-

controlled systems that are fully integrated with factory and warehouse operations. The purpose of the present paper is to gain 

experience in multidiscipline engineering through the design, fabrication and implementation of ASRS model in a capstone 

(graduation) project. The scope of the project was extended by considering the fire fighting in ASRS warehouses. In the present 

project, the students designed, manufactured and implemented an ASRS model. The model was automatically controlled by a 

microcontroller-based electronic circuit. The students succeeded in designing, building and testing their model. Based on their 

practical experience, they proposed a new technique for firefighting in ASRS warehouses. 
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1. Introduction 

1.1. Multidisciplinary Engineering 

As new skills are required of engineering graduates to 

respond to ever-changing societal needs, research on 

engineering learning systems is required to effectively adapt 

and respond to those needs. Multidisciplinary, team-taught, 

project-based instruction has shown effectiveness in teaching 

teamwork, communication, and life-long learning skills, and 

appreciation for other disciplines. Unfortunately, this 

instruction mode has not been widely adopted, largely due to 

its resource-intensiveness [1].  

Another important objective is the development of 

professional skills of students. Developing professional skills 

to improve students' awareness of the engineering practice 

enhances the overall competence of students and provides 

lifelong learning skills including proficiency in 

communication, engineering ethics, professional 

presentations, professional etiquette, and project management 

[2]. 

The multidisciplinary approach was considered by many 

researchers [3-10] for both under- and post-graduate 

engineering studies. 

The present paper covers an engineering graduation 

project as an adaptation of the multidisciplinary learning 

technique. The students developed a model of an automated 

storage and retrieval system (ASRS). The multidisciplinary 

topics cover problem-definition and analysis, mechanical 

design, material selection, manufacturing, selection of 

electrical motors, and design, programming and 

implementation of electronic control circuits and sensors. 

Also, multidisciplinary engineering may be extended to 

firefighting in ASRS warehouses in emergency situations. 

1.2. What is ASRS 

An automated storage and retrieval system (ASRS or AS/RS) 

consists of a variety of computer-controlled systems for 

automatically placing and retrieving loads from defined 

storage locations. Automated storage and retrieval systems 

(ASRS) are typically used in applications where: (i) There is a 

very high volume of loads being moved into and out of 

storage. (ii) Storage density is important because of space 

constraints; no value adding content is present in this process. 
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(iii) Accuracy is critical because of potential expensive 

damages to the load. ASRS can be used with standard loads as 

well as nonstandard loads [11]. Automated storage and 

retrieval systems have been widely used in distribution and 

production environments since their introduction in the 1950s 

[12]. More details about ASRS can be found in Refs. [13-21]. 

Figure 1 shows some examples of real-life SARS. 

The utilization of ASRS has many benefits that may be 

listed as: (i) Improving storage capacity and operator 

efficiency, (ii) Increasing accuracy of stock handling, 

(iii) Maximizing the benefits of available storage space, 

(iv) Reducing labor costs, (v) Reducing stock damage and 

waste costs, (vi) Improving customer service, (vii) Real-time 

inventory control, (viii) Preventing personnel from harsh 

working conditions, e.g., working in cold food-storage 

utilities. 

 

(a) [22] 

 
(b) [23] 

 

(c) [24] 

Figure 1. Some examples of real-life SARS. 

1.3. Problems of Conventional Storage Systems 

The performance of any manufacturing industry depends 

mostly on its material handling and storage system [25]. Thus, 

the conventional storage systems have many practical 

problems that can be listed as: (i) Lost or damage of stored 

products, (ii) Difficulties of inventory access, (iii) Much time 

is usually spent for stock searching, (iv) Delaying the 

customer's delivery as orders spend much time in the factory, 

(v) Inaccurate inventory records, (vi) Wasting of considerably 

much space, (vii) Workers may be exposed to dangerous 

situations, (viii) Excess quantities of inventory. 

1.4. Types of ASRS 

Several important categories of ASRS can be distinguished 

based on certain features and applications. The following are 

the principle types [26]:  

1.4.1. Unit-Load ASRS  

The unit load ASRS is used to store and retrieve loads that 

are palletized or stored in standard-sized containers. The 

system is computer controlled. The SR (storage and retrieval) 

machines are automated and designed to handle the unit load 

containers. Usually, a mechanical clamp mechanism on the 

SR machine handles the load. However, there are other 

mechanisms such as a vacuum or a magnet-based mechanism 

for handling sheet metal. The loads are generally over 500 lb 

per unit. The unit-load system is the generic ASRS.  

1.4.2. Mini-Load ASRS  

This system is designed to handle small loads such as 

individual parts, tools, and supplies that are contained in bins 

or drawers in the storage system. Such a system is applicable 

where the availability of space is limited. It also finds its use 

where the volume is too low for a full-scale unit load system 

and too high for a manual system. A mini-load ASRS is 

generally smaller than a unit-load ASRS and is often enclosed 

for security of items stored.  

1.4.3. Deep-Lane ASRS  

This is a high-density unit load storage system that is 

appropriate for storing large quantities of stock. The items 

are stored in multi deep storage with up to 10 items in a 

single rack, one load behind the next. Each rack is designed 

for flow-through, with input and output on the opposite side. 

Machine is used on the entry side of the rack for input load 

and loads are retrieved from other side by an SR-type 

machine. The SR machines are similar to unit-load SR 

machine except that it has specialized functions such as 

controlling rack-entry vehicles.  

1.4.4. Man-on-Board ASRS  

This system allows storage of items in less than unit-load 

quantities. Human operator rides on the carriage of the SR 

machine to pick up individual items from a bin or drawer. 

The system permits individual items to be picked directly at 

their storage locations. This provides an opportunity to 

increase system throughput. The operator can select the items 
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and place them in a module. It is then carried by the SR 

machine to the end of the aisle or to a conveyor to reach its 

destination.  

1.4.5. Automated Item Retrieval System  

This system is designed for retrieval of individual items or 

small product cartoons. The items are stored in lanes rather 

than bins or drawers. When an item is retrieved from the 

front by use of a rear-mounted pusher bar, it is delivered to 

the pickup station by pushing it from its lane and dropping 

onto a conveyor. The supply of items in each lane is 

periodically replenished and thus permitting first-in/first-out 

inventory rotation. After moving itself to the correct lane, the 

picking head activates the pusher mechanism to release the 

required number of units from storage. 

2. Present ASRS Model  

2.1. Objectives  

The main objectives of the present project can be 

summarized as: 

(i) Design a model, with a suitable size, of automated 

storage and retrieval system (ASRS) for small loads. 

(ii) Fabrication, assembling, and testing the model. 

(iii) Integrating simple control system (microcontroller-

based) on the storage/retrieval (SR) machine. 

(iv) Proposing a new firefighting technique for small-load 

units. 

(v) Covering the learning skills that are mentioned in Sec. 1.1. 

2.2. Project Scope 

The present project focuses on design and fabrication of 

the ASRS model. The design was mainly developed using 

"Autodesk Inventor Professional" software. Programmable 

autonomously storage/retrieve (SR) machine was used in 

conjunction to store and retrieve the small-load units. 

Furthermore, students designed and implemented an 

electronic circuit to control the movement of the SR machine. 

The movement of this system is limited to store and retrieve 

small-load units into and from storage structure (cupboards). 

Also, the students came up with a new technique for the 

firefighting of fire that may ignite in such small-load units. 

This technique is based on the practical experience of the 

present project. 

3. Design and Fabrication of the Present 

ASRS Model  

This section covers the details of design and fabrication of 

the present ASRS model. The different components of the 

ASRS will be explained with design drawings and pictures. 

Figure 2 shows an overall picture of the ASRS model 

including movement mechanism and storage structure 

(cupboard). The overall dimensions of ASRS model can be 

stated as: length 1.35 m (x-axis), height 0.65 m (y-axis), 

width 0.25 m (z-axis). 

 

(a) An overall picture. 

 

(b) Mechanical drawing. 

 

(c) Main axes of motion. 

Figure 2. Present ASRS model. 

Some parts of the ASRS model were fabricated in suitable 

workshops. Table 1 shows the details of these parts 

(components) including material selection, manufacturing 

technique, and quantity. Other parts (components) of the 

ASRS model are ready-made that can be bought directly from 

the market. Table 2 shows the details of these ready-made 

parts. 
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Table 1. Details of fabricated parts (components) in workshops. 

No.  
Part 

(Component ) 

Material 

Selection  

Manufacturing 

Technique 
Quantity  

1  Rigid Base  Aluminium  

Water Jet & 

Traditional 

Machining  

4  

2  Moving Base  PTFE 1  

3  Guide Base  PTFE 4  

4  Vertical Slider  PTFE 1  

5  
Guide Head 

Plate  
PTFE 1  

6  Holder Plate  PTFE 1  

7  Holder Arm  PTFE 2  

8  Fork plate  PTFE 1  

9  Fork arm  PTFE 2  

10  Back holder  PTFE 1  

11  H-Holder  PTFE 2  

12  Guide rods  
Stainless 

steel  
Sawing  6  

13  Pulley  PTFE 
Turning  

1  

14  Timing pulley  PTFE 1  

Table 2. Details of ready-made parts (components). 

No. Part (Component ) Type  Quantity  

1  Chain  Roller  1  

2  Belt  Timing flat  1  

3 Gears  
Spur  6  

Chain gears  2  

4  Bearings  Ball bearings  8  

5  coupling  Rigid coupling  1  

6  Springs  
Compression & 

extension  
1  

7  Bolts  Tap bolts  As needed   

8  Nuts  Hexagonal nuts  As needed   

3.1. Details of Fabricated Parts 

This section gives details of the parts (components) that 

were fabricated specifically for the present project in 

workshops. These parts are listed in Table 1. 

3.1.1. Rigid Base 

The rigid base is the base that carries the whole 

mechanism of ASRS. The rigid base, Fig. 3, is consisted of 

four symmetrical parts that are made of aluminum, Table 1. 

These four parts constitute two main side bases; one on each 

side of the mechanism. The rigid base holds the two guide 

rods (10 mm-diameter) that guide motion in x-axis. Figure 3 

shows the mechanical drawings (Isometric, Elevation, Plan, 

Side view) of one of the four parts of the rigid base.  

 

Figure 3. One of the two side bases of the rigid base of ASRS model. 

 

(a) Isometric 

 

(b) Elevation 

 

(c) Side view 

 
(d) Plan 

Figure 4. Mechanical drawings of one of the four parts of the rigid base. 

3.1.2. Moving Base 

The moving base, which is made of PTFE, was designed 

to facilitate the movement of ASRS components in the 

horizontal direction, Fig. 5. It is moved in the either 

directions of x-axis (right or left) by a chain. The chain is 

driven be an electric motor. The chain is fixed to the moving 

base. The moving base is supported and guided by two metal 

rods. These two solid rods have a diameter of 10 mm and are 

made of stainless steel. Figure 6 shows the mechanical 

drawings (Isometric, Elevation, Plan, Side view) of the 

moving base.  
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Figure 5. Moving base installed in ASRS model. 

 
(a) Isometric 

 
(b) Elevation 

 
(c) Side view 

 
(d) Plan 

Figure 6. Mechanical drawings of moving base. 

3.1.3. Guide Bases 

There are four guide bases that are designed to carry the 

vertical timing belt as well as the two guide rods (guides) in 

the vertical direction (y-axis), Fig. 6. The guide bases are 

made of PTFE. Two of them are fixed on either side of the 

lower moving base, Fig. 4. The other two are fixed to an 

upper plate (Guide Head Plate), Fig. 7. The two vertical solid 

guide rods have a diameter of 10 mm and are made of 

stainless steel. The two vertical guide rods guide the motion 

along the y-axis. Figure 8 shows the mechanical drawings 

(Isometric, Elevation, Plan, Side view) of one of the guide 

bases.  

 

 

Figure 7. Guide base installed in ASRS model. 
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(a) Isometric 

 
(b) Elevation 

 
(c) Side view 

 
(d) Plan 

Figure 8. Mechanical drawings of one of the guide bases. 

3.1.4. Vertical Slider 

The vertical slider is designed to carry the holder plate, Fig. 

9. The vertical slider is made of PTFE. The vertical slider is 

fixed to the vertical belt by two bolts, Fig. 9. Thus, it moves 

strictly with the vertical belt. It slides on the two vertical 

solid guide rods. Figure 10 shows the mechanical drawings 

(Isometric, Elevation, Plan, Side view) of the vertical slider.  

 

Figure 9. Vertical slider installed in ASRS model. 

 
(a) Isometric 

 
(b) Elevation 

 
(c) Side view 

 
(d) Plan 

Figure 10. Mechanical drawings of the vertical slider. 
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3.1.5. Guide Head Plate 

The guide head plate is an upper plate that is fixed to two 

of the guide bases, Fig. 11. It is made of PTFE. Also, it holds 

the two vertical solid guide rods into place. Figure 12 shows 

the mechanical drawings (Isometric, Elevation, Plan, Side 

view) of one of the guide head plate.  

 

Figure 11. Guide head plate installed in ASRS model. 

 
(a) Isometric 

 
(b) Elevation 

 
(c) Side view 

 
(d) Plan 

Figure 12. Mechanical drawings of the guide head plate. 

3.1.6. Holder Plate 

The holder plate is fixed to the vertical slider by screws. It 

is designed to carry two horizontal solid guide rods that are 

used to guide the movement of the upper fork arms, Fig. 13. 

The holder plate is made of PTFE. The middle section of the 

holder plate is machined to present a toothed rack to enable 

the movement of the fork plate and fork arms in the z-axis. 

The holder plate is fixed to the belt that moves in the vertical 

direction (y-axis) by two small bolts. Figure 14 shows the 

mechanical drawings (Isometric, Elevation, Side view) of the 

holder plate.  

 

Figure 13. Holder plate installed in ASRS model. 

 
(a) Isometric 

 
(b) Elevation 

 
(c) Side view 

Figure 14. Mechanical drawings of the holder plate. 



8 Ahmed Farouk AbdelGawad:  Multidisciplinary Engineering for the Utilization of Traditional Automated Storage  

and Retrieval System (ASRS) for Firefighting in Warehouses 

3.1.7. Holder Arm 

Two holder arms are designed to fix the two upper 

horizontal solid guide rods (5 mm-diameter) that guide 

motion along z-axis, Fig. 15. Each holder arm is fixed to one 

of the two sides of the holder plate by a pair of screws. The 

two holder arms are made of PTFE. Figure 16 shows the 

mechanical drawings (Isometric, Elevation, Plan, Side view) 

of the holder arm.  

 

Figure 15. One of the two holder arms installed in ASRS model. 

 
(a) Isometric 

 
(b) Elevation 

 
(c) Side view 

 
(d) Plan 

Figure 16. Mechanical drawings of the holder arm. 

3.1.8. Fork Plate 

The fork plate is designed to carry the two fork arms, 

Fig. 17. The fork plate is made of PTFE. It is fixed into place 

by four bolts. Figure 18 shows the mechanical drawings 

(Isometric, Elevation, Side view) of the fork plate.  

 

Figure 17. Fork plate installed in ASRS model. 

 
(a) Isometric 

 
(b) Elevation 

 
(c) Side view 

Figure 18. Mechanical drawings of the fork plate. 
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3.1.9. Fork Arms 

The two fork arms are designed to carry the target stock 

(unit-load), Fig. 19. They are made of PTFE. They are fixed 

to fork plate by four screws. Figure 20 shows the mechanical 

drawings (Isometric, Elevation, Side view) of one of the fork 

arms.  

 

Figure 19. Fork arms installed in ASRS model. 

 
(a) Isometric 

 
(b) Elevation 

 
(c) Side view 

Figure 20. Mechanical drawings of the fork arms. 

3.1.10. Back Holder 

The back holder was designed to fix the fork plate to the 

H-holder, Fig. 21. The back holder is made of PTFE. It is 

fixed into place by four bolts. Figure 22 shows the 

mechanical drawings (Isometric, Elevation, Plan, Side view) 

of the back holder. 

 

Figure 21. Back holder installed in ASRS model. 

 
(a) Isometric 

 
(b) Elevation 

 
(c) Side view 

 
(d) Plan 

Figure 22. Mechanical drawings of the back holder. 
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3.1.11. H-holder 

The H-holder was designed to carry the fork plate, fork 

arms, and transmission gears. It is consisted of two similar 

parts that have T-shape, Fig. 23. The two parts are made of 

PTFE. They are fixed to each other by a long bolt. Also, the 

two transmission gears are fixed in place to the H-holder by 

two bolts. Figure 24 shows the mechanical drawings 

(Isometric, Elevation, Plan, Side view) of one of the T-shape 

parts.  

 

Figure 23. H-holder installed in ASRS model. 

 

(a) Isometric 

 
(b) Elevation 

 
(c) Side view 

 
(d) Plan 

Figure 24. Mechanical drawings of one of the T-shape parts. 

3.1.12. Solid Guide Rods 

There are six giude rods that guide the movement in the 

three main directions, Fig. 25. A pair of similar solid guide 

rods,  which are made of stailess steel are used in every one 

of the three diections. The two rods have a diameter of 

10 mm in both the x- and y-dierction. Whereas, the two rods 

of the z-direction have a diameter of 5 mm. The active 

lengthes of rods are 95, 55, 15 cm in x-, y-, and z-direction, 

respectively. 

Figures 26-28 show two pictures for each of pair of rods 

along the three main directions; x-, y-, and z-axis, 

respectively. 

 

Figure 25. Three main axes (directions) of motion of the present ASRS model. 

 
(a) Overall view. 

 

(b) Closer view. 

Figure 26. The two guide rods along x-axis.  
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(a) Overall view. 

 

(b) Closer view. 

Figure 27. The two guide rods along y-axis.  

 

(a) Overall view. 

 

(b) Closer view. 

Figure 28. The two guide rods along z-axis.  

3.1.13. Pulley 

A pulley was designed to carry the vertical belt that moves 

the holder plate (Sec. 3.1.6, Fig. 13). The pulley is made of 

PTFE, Fig. 29. The pulley is carried by a solid stainless steel 

rod that has a diameter of 4 mm. The two ends of the rod are 

supported by two small bearings that have housing in the two 

upper guide bases (Sec. 3.1.3, Fig. 7). Figure 30 shows the 

mechanical drawings (Isometric, Elevation, Side view) of the 

pulley. 

 

Figure 29. Pulley installed in ASRS model. 
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(a) Isometric 

 
(b) Elevation 

 

(c) Side view 

Figure 30. Mechanical drawings of the pulley. 

3.1.14. Timing Pulley 

A timing pulley was designed to move the vertical belt that 

moves the holder plate (Sec. 3.1.6, Fig. 13). The pulley is 

made of PTFE, Fig. 31. The pulley is carried by a solid 

stainless steel rod that has a diameter of 4 mm. The two ends 

of the rod are supported by two small bearings that have 

housing in the two lower guide bases (Sec. 3.1.3, Fig. 7). 

Figure 32 shows the mechanical drawings (Isometric, 

Elevation) of the timing pulley. 

 

Figure 31. Timing pulley installed in ASRS model. 

 
(a) Isometric 

 
(b) Elevation 

Figure 32. Mechanical drawings of the timing pulley. 

3.2. Details of Ready-Made Parts 

This section gives details of the ready-made parts 

(components) that were purchased directly from the market. 

These parts are listed in Table 2. 

3.2.1. Chain 

A suitable chain, Fig. 33, was used to move the moving 

base (Sec. 3.1.2, Fig. 5) that facilitates the movement of 

ASRS components in the x-axis (first direction). The chain is 

connected to two chain gears that rest on the rigid base, 

Fig. 3. Each of the two chain gears is carried by a solid 

stainless steel rod that has a diameter of 4 mm. The two ends 

of the rod are supported by two small bearings that have 

housing in the two sides of the rigid base. One of these chain 

gears, which is driven by a suitable electrical motor, is the 

driving gear of the chain. 

 

Figure 33. Chain (x-axis) installed in ASRS model. 

3.2.2. Timing Belt 

The timing belt, Fig. 34, is used to move the holder plate 

(Sec. 3.1.6, Fig. 13) vertically in the y-axis (second direction). 

The timing belt is driven by a timing pulley (Sec. 3.1.14, Fig. 

31). A flat pulley (Sec. 3.1.13, Fig. 29) supports the other side 

of the timing belt. 
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Figure 34. Timing belt (y-axis) installed in ASRS model. 

3.2.3. Gears 

A group of seven gears was used in the present project. 

Two of them are chain gears Fig. 35a. They were used to 

drive the chain (Sec. 3.2.1, Fig. 33). Five spur gears were 

also used, Fig. 35b. Two of the spur gears are housed in the 

H-holder (Sec. 3.1.11, Fig. 23). These two spur gears are used 

to move the fork plate (Sec. 3.1.8, Fig. 17) and fork arms 

(Sec. 3.1.9, Fig. 19). Three other spur gears, Fig. 35c, were 

used to move the timing belt (Sec. 3.2.2, Fig. 34) in the y-axis 

(second direction). 

 

(a) Chain gear. 

 

(b) Two supr gears of fork arms. 

 

(c) Four spur gears of the timing belt. 

Figure 35. Gears installed in ASRS model. 

3.2.4. Bearings 

Eight roller bearings with internal diamter of 4 mm were 

used in the ASRS model, Fig. 36. Four of them were used to 

support the chain (Sec. 3.2.1, Fig. 33) in the x-axis (first 

directon). They rest in the two side parts of the rigid base 

(Sec. 3.1.1, Fig. 3). The other four bearings support the 

timing belt (Sec. 3.2.2, Fig. 34) in the y-axis (second 

direction). They rest in the four guide bases (Sec. 3.1.3, 

Fig. 7). 

 

Figure 36. Bearings with 4 mm-internal diameter. 

3.2.5. Coupling 

A rigid coupling, Fig. 37, was used to connect an electrical 

motor to the chain gear (Sec. 3.2.3, Fig. 35a) that drives the 

chain (Sec. 3.2.1, Fig. 33) in the x-axis (first direction). The 

connection goes through one of the parts of the rigid base 

(Sec. 3.1.1, Fig. 3). 
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Figure 37. Rigid coupling installed in ASRS model. 

3.2.6. Spring 

A spring, Fig. 38, was used to ensure the engagement of 

the gears of the gear train that transfers motion from an 

electrical motor to the timing pulley (Sec. 3.1.14, Fig. 31). 

The timing pulley drives the ASRS in the y-axis (second 

direction). 

 

(a) Overall view. (b) Detailed view. 

Figure 38. Spring installed in ASRS model. 

3.3. Cupboards (Pallets) 

3.3.1. Description 

Cupboard was design to simulate the shelves (pallets) that 

hold the stock pieces, Fig. 39. It was fabricated of aluminum 

rods and plastic connections. Inventor software was used to 

carry out the design process. Two similar cupboards were 

used to simulate a working track of ASRS between them. 

 

Figure 39. An overall view of the cupboard. 

3.3.2. Components of Cupboard 

The cupboard may be divided into two types of 

components as follows, Fig. 40: 

(i) Pick-and-deposit station: It is where loads are 

transferred into and out of the ASRS. It is generally located at 

the end of the aisles for access the external handling system 

that brings loads to the ASRS and takes loads away. 

(ii) Compartments: They are the unit-load containers of the 

stored material. 

 

(a) Isometric 

 
(b) Elevation 
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(c) Side view 

 

(d) Plan 

Figure 40. Mechanical drawings of one of the two cupboards. 

3.3.3. Cupboard Fabrication 

The cupboard was fabricated from ready-made parts that 

are listed in table 3.  

Table 3. Ready-made parts. 

No. Component Material 

1 Sheet Plastic 

2 Joint Plastic 

3 Column Aluminium 

4 Nail Steel 

4. Electrical and Electronic Elements 

4.1. Electrical Motors  

In the present project, there are two types of motors. The 

first type is the DC motors and the second is the servomotors. 

4.1.1. DC Motors 

DC motor is an electric motor that runs on direct current 

(DC) electricity. Today, DC motors are still found in 

applications as small as toys and disk drives, or in large sizes 

to operate steel rolling mills and paper machines. Modern DC 

motors are nearly always operated in conjunction with power 

electronic devices [27]. 

Two suitable DC motors were used in the present project. 

The first DC motor was used to drive the ASRS components 

in the x-axis (first direction), Fig. 41a. The motor is 

connected to the driving chain gear (Sec. 3.2.3, Fig. 35a) 

through a rigid coupling (Sec. 3.2.5, Fig. 37). The second DC 

motor was used to drive the ASRS components in the y-axis 

(second direction), Fig. 41b. The motor is connected to the 

timing pulley (Sec. 3.1.14, Fig. 31) through a gear train (Sec. 

3.2.3, Fig. 35c).  

 

(a) DC Motor for driving in the x-axis. 

 

(b) DC Motor for driving in the y-axis. 

Figure 41. DC motors installed in ASRS model. 

4.1.2. Servomotors 

A servomotor is a motor which forms part of a 

servomechanism. The servomotor is paired with some type of 

encoder to provide position/speed feedback. This feedback 

loop is used to provide precise control of the mechanical 

degree of freedom driven by the motor. Servomotors have a 

range of 0°-180°. For the serious designer of heavy duty and 

speed orientated equipment, servos offer the best solution 

[28]. 

In the present project two servomotors were used, Fig. 42. 

A servomotor was used to drive the ASRS components in the 

z-axis (third direction), Fig. 43 (black motor). The 

servomotor rests on the H-holder (Sec. 3.1.11, Fig. 23). 

Another servomotor, Fig. 42 (orange motor), controls the 

movement of the fork plate (Sec. 3.1.8, Fig. 17) and the fork 

arms (Sec. 3.1.9, Fig. 19) in a complete 180
o
 as can be seen 

in Fig. 44. 
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Figure 42. Servomotors installed in ASRS model for motion in z-axis (third 

direction). 

 

 

Figure 43. Forks moves in z-direction, right and left. 

 

 

 

Figure 44. Forks turn from 0o to 180°. 

4.2. Sensors  

In the present project, two types of sensors were used. 

A Light Dependent Resistor (LDR) sensor was used to detect 

the pointing light. The other one is micro-switch sensor for 

cutting the circuit at the end of guide rod. 

4.2.1. Light Dependent Resistor (LDR) 

Light Dependent Resistor (LDR), Fig. 45, is also known as 

the general purpose photoconductive cell. It is a type of 

semiconductor and its conductivity changes with proportional 

change in the intensity of light. A photo resistor or light 

dependent resistor (LDR) is a resistor whose resistance 

decreases with increasing incident light intensity; in other 

words, it exhibits photoconductivity. LDRs are very useful 

especially in light/dark sensor circuits [30].  

 

(a) Closer view. 

 

(b) LDR installed in ASRS. 

Figure 45. Light dependent resistor (LDR) [29]. 

A number of 6 LDRs were used in the present project. 

A beam of red light is emitted from the ASRS upper carriage. 

The carriage stops at the appropriate location when the light 

beam hits the corresponding LDR.  

Figure 46 explains how the LDR is utilized in the present 

project. At the beginning, the upper carriage stops at the 

"Pick-and-deposit station" when the light beam hits the 

corresponding LDR, Fig. 46a. Then, the carriage moves 

horizontally between the two cupboards until it reaches the 

following corresponding LDR which is fixed on a column 

next to the target compartment, Fig. 46b. At that position, the 

carriage moves vertically looking for another LDR at a point 

next to the target compartment, Fig. 46c. At that point, the 

carriage stops and the fork plate moves horizontally to 

deliver the load in the target compartment, Fig. 46d. 
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(a) LDR at "Pick-and-deposit station". 

 

(b) LDR at a column next to the target compartment. 

 

(c) LDR at a point next to the target compartment. 

 

(d) Carriage unloading at the target compartment. 

Figure 46. Steps of operation of SARS using LDRs. 

4.2.2. Micro-Switch 

It is also called miniature snap-action switch, Fig. 47. It is 

an electric switch that is actuated by very little physical force, 

through the use of a tipping-point mechanism, sometimes 

called an "over-center" mechanism. Switching happens 

reliably at specific and repeatable positions of the actuator, 

which is not necessarily true of other mechanisms. They are 

very common due to their low cost and durability, greater 

than 1 million cycles and up to 10 million cycles for heavy 

duty models. This durability is a natural consequence of the 

design. The defining feature of micro switches is that a 

relatively small movement at the actuator button produces a 

relatively large movement at the electrical contacts, which 

occurs at high speed (regardless of the speed of actuation). 

Most successful designs also exhibit hysteresis, meaning that 

a small reversal of the actuator is insufficient to reverse the 

contacts; there must be a significant movement in the 

opposite direction. Both of these characteristics help to 

achieve a clean and reliable interruption to the switched 

circuit [32]. 

 

(a) Closer view. 

 

(b) Micro-switch installed in ASRS. 

Figure 47. Micro-switch [31]. 

In the present project, 6 micro-switches were used to limit 

the movement of the upper and lower carriages in all the 

three directions (x-, y-, and z-axis). 

4.3. Electronic Control Circuit 

An electronic circuit was designed and implemented based 

on experience of others [33]. The circuit consists of main 

components and other auxiliary components. The main 

components, including microcontroller, relays, and H-bridges, 

are illustrated in the following section. Auxiliary components 

include ICs, switches, fuses, wires, etc.  
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4.3.1. Main Components  

(i) PIC Microcontroller 

The PIC microcontroller, Fig. 48, is a family of modified 

Harvard architecture microcontrollers made by Microchip 

Technology, derived from the PIC1650 originally developed 

by General Instrument's Microelectronics Division. The 

name PIC initially referred to "Peripheral Interface 

Controller". PICs are popular with both industrial developers 

and hobbyists alike due to their low cost, wide availability, 

large user base, extensive collection of application notes, 

availability of low cost or free development tools, and serial 

programming (and re-programming with flash memory) 

capability [35]. 

In the present circuit, the microcontroller was used as the 

main controller for the SARS machine. It receives the input 

from sensors and sends the output to the motors depending 

on the input signals from the sensors. 

 

Figure 48. PIC Microcontroller [34]. 

(ii) Relay 

A relay is an electrically operated switch. Many relays use 

an electromagnet to operate a switching mechanism 

mechanically, but other operating principles are also used, 

Fig. 49. Relays are used where it is necessary to control a 

circuit by a low-power signal (with complete electrical 

isolation between control and controlled circuits), or where 

several circuits must be controlled by one signal [37]. 

In the present circuit, a group of six similar relays were 

used, Fig. 49. 

 

Figure 49. Relay [36]. 

(iii) H-bridge 

An H-bridge, Fig. 50, is an electronic circuit that enables a 

voltage to be applied across a load in either direction. These 

circuits are often used in robotics and other applications to 

allow DC motors to run forwards and backwards. H-bridges 

are available as integrated circuits, or can be built from 

discrete components [39]. 

In the present project, H-bridges were used to switch the 

rotational direction of the motors. Thus, moves the ASRS 

carriages in either direction. 

  

Figure 50. H-bridge [38]. 

4.3.2. Programming Language 

Assembly language is a low-level programming language 

for computers, microprocessors, microcontrollers, and other 

integrated circuits. It implements a symbolic representation 

of the binary machine codes and other constants needed to 

program a given CPU architecture. An assembly language is 

thus specific to certain physical (or virtual) computer 

architecture. This is in contrast to most high-level 

programming languages, which, ideally, are portable. A 

utility program called an assembler is used to translate 

assembly language statements into the target computer's 

machine code. The assembler performs a more or less 

isomorphic translation (one-to-one mapping) from mnemonic 

statements into machine instructions and data. This is in 

contrast with high-level languages, in which a single 

statement generally results in many machine instructions. 

Many sophisticated assemblers offer additional mechanisms 

to facilitate program development, control the assembly 

process, and aid debugging. In particular, most modern 

assemblers include a macro facility, and are called macro 

assemblers [40]. 

In the present project, the assembly language was used to 

program the microcontroller (Sec. 4.3.1.1, Fig. 48). 

4.3.3. Power Supply 

A power supply, Fig. 51, was used for electrical supply of 

the circuit. The input to the power supply is AC 220 V. The 

output of the power supply is DC that ranges from 3 to 12 V. 

This output is utilized by the different components of the 

circuit and the four motors. 

 

Figure 51. Power supply. 
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5. Actual Operation of ASRS 

5.1. Test Case 

The present control circuit was implemented in 

conjunction with the ASRS model to ensure that the design, 

manufacturing, programming were correct. Figure 52 shows 

the control circuit in operation. The objective is to move the 

load from the "Pick-and-deposit station" to the target 

compartment. To ensure that the ASRS model operates 

correctly, the control circuit was programmed to move the 

load (marked in "Blue") to a certain compartment, on one of 

the two cupboards, that is marked in "Red" as shown in 

Fig. 53. 

When the microcontroller, which is connected to the 

sensors and push-button switches, receives the operation 

order, it sends an appropriate signal to the corresponding 

relay that in turn controls an H-bridge. Thus, the H-bridge 

controls the related motor to rotate either in clockwise or 

anti-clockwise directions. The operation continues 

sequentially as programmed until the packer delivers the 

unit-load into place. 

The test was carried out very successfully as was shown in 

step-by-step sequence in Sec. 4.2.1 and illustrated in Fig. 46. 

 

(a) Overall View. 

 

(b) Closer view. 

Figure 52. Electronic control circuit of ASRS model. 

 

Figure 53. Locations of load (blue) and target compartment (red). 

5.2. Faced Problems 

During the design and manufacturing phases of this project, 

the students faced some practical problems that may be listed 

as follows: 

1. Deciding the most suitable design as there is a big 

variety of ASRS. 

2. Material selection as there is somehow limitations in 

the local market. 

3. Shortage in workshops that provide accurate machine 

tooling. 

4. Standard gears with small sizes are not available in the 

local market. They had to be specifically manufactured. 

5. Fixing the motors on ASRS model due to their small 

sizes.  

6. Arranging the big number of connecting and control 

wires. 

6. Proposed Firefighting Utilizing ASRS 

6.1. Firefighting in Warehouses 

The traditional method for firefighting (suppression) in 

ASRS warehouses is the sprinklers. Sprinkler systems are 

widely known and they have the advantage of being 

relatively easy to supply and construct in site. However, 

using them in ASRS warehouses have some disadvantages 

[41-43]: (i) Huge amount of water is needed to supply the 

sprinkler systems. (ii) Water destroys the stock if it is 

consisted of cartooned items. (iii) ASRS warehouses are 

usually so dense that firefighters' accessibility is noticeably 

low. (iv) Dense (high-storage capacity) warehouses prevent 

the sprinkler water from reaching the lower levels of pallets.  

Thus, an alternative technique may be used instead of 

sprinklers or besides them. Based on the practical experience 

of this project, a proposed method is explained in the 

following section. 

6.2. Proposed Firefighting Technique 

The proposed technique depends on using the ASRS to 

deliver a package (unit-load) of dry chemical powder. Thus, 

immediate fire-extinction is expected by chemical reaction in 

an instant. Usually, dry powder is used in situations where 

water would have a negative impact on fires or substances 

stored near a fire source. It is preferable that the powder is 

suitable for a wide range of fire classes (A, B, C, D) [44-46].  

The proposed technique is more suitable to the case when 

the warehouse contains valuable/precious stock pieces. 

Examples of such warehouses are ASRS university libraries 

[47-50], libraries of motion pictures and television programs 

[51], etc. 

The idea of the technique can be summarized in the 

following points: 

1. Suitable set of fire detectors [52-54] are used such that 

a detector is placed in each compartment of the 

warehouse. 

2. Dry powder packages are prepared in certain section of 
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the warehouse near the "Pick-and-deposit station".  

3. The size of the powder packages fits the compartment 

size. 

4. The material of the powder package is to be chosen to 

tear out immediately when exposed to fire heat/flame. 

5. All the fire detectors are connected to the electronic 

control circuit (Sec. 4.3). 

6. When a detector of certain compartment sends a fire 

signal to the electronic circuit, a fire alarm operates. 

Thus, operators put one of the powder packages in 

"Pick-and-deposit station". 

7. Then, the microcontroller gives the pre-programmed 

orders to the ASRS to carry the powder package from 

the "Pick-and-deposit station" to the target compartment 

(on-fire compartment). 

8. This procedure may continue several times till the fire 

is completely extinct. 

Unfortunately, this technique was not tested 

experimentally in this project due to some practical 

difficulties. However, it is planned to be implemented as a 

further extension of the present project. 

7. Conclusions 

Based on the above illustrations and test observations, the 

following points can be stated: 

1. The present ASRS model operated successfully and 

performed exactly the target task. 

2. The students gained a really big experience in design, 

material selection, and manufacturing of such 

complicated mechanical system. 

3. Although the electronic circuit was simple, it was 

implemented successfully. 

4. There are some practical problems that were faced by 

the students. These problems should be put into 

consideration when considering similar types of 

projects. 

5. The strategy of using the ASRS packer for firefighting is 

an interesting trend of thinking out of the box. 

6. Economic feasibility study may be needed when 

considering the manufacturing of a full-scale prototype. 

7. Although, the proposed technique of firefighting was 

not tested experimentally in this project due to some 

practical difficulties, it seems very promising.  
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Nomenclature 

AC Alternating Current 

ASRS Automated Storage and Retrieval System (AS/RS) 

CPU Central Processing Unit 

DC Direct Current 

IC Integrated circuit 

LDR Light Dependent Resistor  

SR Storage and Retrieval 

PIC Peripheral Interface Controller 

PTFE Polytetrafluoroethylene (Teflon) 
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