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[Abstract]

In this paper, we propose a smart automated warehouse to maximize space utilization. Previous elevator-type
automatic warechouses were designed with a maximum payload of 100kg on trays, which has the problem
of extremely limiting the number of pallets that can be loaded within the space. In this paper, we design
a smart warchouse that can maximize space utilization with a maximum vertical stiffness of 300kg. As a
result of the performance evaluation of the implemented warehouse, the maximum payload was 500.6kg, which
satisfied the original design and requirements, the lifting speed was 0.5my/s, the operating noise of the device
was 67.1dB, the receiving and forwarding time of the pallet was 36.92sec, the deflection amount was 4mm,
and excellent performance was confirmed in all evaluation items. In addition, the PLC control method, which
designs the control UI and control panel separately, was integrated into the PC system to improve interoperability
and maintainability with various process management systems. In the future, we plan to develop it into a

fully automatic smart warehouse by linking IoT sensor-based logistics robots.
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I. Introduction
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Fig. 1. Global Smart Manufacturing Market Forecast,
2022~2026 - TrendForce, Aug. 2022[1]
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II. Background

1. Related works
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Fig. 2. Type of Smart Warehouse
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Table 1. Key Features of Smart Warehouse

Type Key Features and Performance

- Possible to load heavy items
- High load item: over 1 ton
Stacker | - Pallet-based packing products
- Based on box packaging

- Logistics movement: forklift

- Real-time status management based VISION

- Shipment of up to 2 trays

- Ergonomic design

- Intuitive by loading unit parts

- The loading part can be adjusted according
to the size of the product

Elevator

- Applied touch screen control

- Product box suitable for user's convenience
- Up to 20 rotary pallets

- Loading based on small box

- High loading efficiency per unit area

- Appropriate for uniform product size

Rotary

III. Design & Implementation

1. Design of Main Frame
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Fig. 3. 3D Structure Diagram of Automatic Loading Warehouse
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Fig. 4. Elevator Type Automatic Storage

2. Implementation of Elevating Device
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Fig. 5. Final Implemented Elevating Device
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Fig. 6. Drive Device of Chain type
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Fig. 7. The Two—-Stage Palette for Simultaneous
Receiving and Forwarding
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Fig. 8. Experiments to Improve Tray Deflections

3. Implementation of Control Ul
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Table 2. Software Development Environment for

Device Operation

Items Description
0S Windows 10
CPU Intel(R) CPU @1.60GHz
RAM 8GB
Language Visual C++, MFC
Database MS-SQL
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Fig. 9. The Screen for Login
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Fig. 16. The Screen of Motor Speed Setting in the SETTING Menu

IV. Experiments and Results

1. Results of Performance Measurement

T AUE MRS F52 FrIs] Ys Al
2 57lo] @502 Masloirh. ARPS nejdt SRS
st 2t g2 el 53] olel 542 Sstol 4%

HWRMS R|Astelon, Zuk= Table 31}

Table 3. Performance Evaluation of Smart Warehouse

Evaluation Items Unit | Target Value Result
Payload kg 300 500.6
Lifting Speed m/s 0~0.4 0.5
Noise dB 70 67.1
Receiving & Forwarding | sec 0~40 36.92
Tray Deflections Limit | mm 5 4
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Fig. 17. Payload Test and Results Screen

Fig. 19. Measurement Image of Tray Deflections Height
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Table 5. Measurement Result of Tray Deflections
Height(unit : mm)

Test Data
Im YX]ofA /\}0': 2HHEHCENTER 322, CENTER Items 1 2 3 4 5
TECHNOLOGY CORP.)Z o|&slo] ASS ZAs1ict L 137 137 137 136 136
- M 137 137 137 136 136
AF RE A Aw 54 Fig 183 2w AN 3 137 | 137 | 136 | 136 | 136
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Fig. 18. Testing for Noise Measurement
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Fig. 20. Position for Measuring Deflection

Table 4. Result of Measuring Receiving and
Forwarding Time(unit : sec)

Number of Tests
1 2 3 4 5
Receiving 253 258 254 260 25.1
Forwarding 11.5 11.6 10.9 1.2 11.8
Total 36.8 37.4 36.3 37.2 36.9

Items

OR |9 o2 Effo] AARZ Ol&x) g ¥ HE Fig. 21. Final Implementation Result of Smart loading
500kg XA HefelAle] Eeo] Aol wideAl ol Warehouse



178  Journal of The Korea Society of Computer and Information

V. Conclusions
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