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Abstract

In modern society, the delivery service market has grown explosively due to rapid changes in social
structure and the recent COVID—19 pandemic. Therefore, various problems such as injury to workers and
an increase in human accidents are occurring due to the loading and unloading of parcels. In order to solve
this problem, domestic company n is developing a ‘“robot—based cargo loading and unloading system” . In
developing a new technology system, quantitative reliability targets should be set for efficient operation
and development. In this paper, reliability analysis was conducted through field data for the pneumatic
gripper of the ‘“robot—based cargo loading system” . The reliability of the failure data was analyzed to
estimate the distribution parameters and MTTF. Random data was derived for the probability of occurrence
of a failure with the estimated value. By repeating the simulation to predict the number and year of failures
according to the estimated parameters of the probability distribution, it was proposed as a method that
reflects realistic probabilities rather than calculating with simple arithmetic using the average MTTF
previously used in the field.
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[Figure 1] Concept of Robot—Based Cargo Carriage System
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[Figure 2] Overall Process Diagram
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[Figure 3] Conceptual Diagram of Robot—based loading Cargo System and Pneumatic Gripper

<Table 1> Core Equipments Hierarchy of Robot—based loading Cargo System
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<Table 2> Pneumatic gripper failure status
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<Table 4> Pneumatic gripper weibull parameter estimates

. Standard | 95.0% Normal CI
Parameter | Estimate
Error Lower Upper
Shape 4.65014 | 1.01242| 3.03489| 7.12506
Scale 25236.9 1520.76 | 22425.6| 28400.7
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[Figure 4] Pneumatic gripper failure data goodness—of—fit test results (2)
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<Table 5> Pneumatic gripper weibull Characteristic value

. Standard | 95.0% Normal CI
Estimate
Error Lower Upper
Mean(MTTF) | 23074.5 1504.13 20307 | 26219
Standard 5646.68| 999.560|  3991| 7988
Deviation
Median 23324.2 1572.81 20436 | 26619
First
Quartile (Q1) 19305.3 1846.32 16005 | 23285
Third
Quartile (Q3) 27073.3 1557.87 24185| 30305
Interquartile
Range (IQR) 7768.02 1468.98 5362 | 11253
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<Table 6> Pneumatic gripper parts requirement estimation results
S/IE? lyr 2yr 3yr 4yr Syr 6yr Tyr 8yr yr 10yr
1 0 0 0 1 0 0 1 0 0 1
2 1 0 0 0 1 0 0 1 0 0
3 0 0 0 1 0 0 1 0 0 0
4 1 0 0 0 1 0 0 1 0 0
5 0 1 0 0 0 1 0 0 1 0
Sum 2 1 0 2 2 1 2 2 1 1
Avg 0.4 0.2 0 0.4 0.4 0.2 0.4 0.4 0.2 0.2
9 AL ALl L BAS Bolo] 2 FYR 4, AT
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[Figure 5] Analysis of life data based on LSTM model
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