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Abstract. In the context of made in China 2025 and intelligent manufacturing, “data-based
decision” is one of the important concepts for quality management promotion, and data
integrity and availability is an important aspect of data collection and data management.
Combined with the characteristics of complex electromechanical products with complex
structure, multiple development links and high quality requirements, this paper discusses the
management category of quality big data from the perspective of manufacturing process
operation management and product life cycle, studies the acquisition strategy by manual and
automatic methods, acquisition process, the quality data modeling and expression
specifications based on unified coding specifications and business flow and data flow
framework and provides references for enterprises to carry out quality big data construction.

1. Introduction

In the context of made in China 2025 and intelligent manufacturing, digitization has become the basic
work to which every enterprise pays more and more attention. In the fields of quality management, six
sigma and continuous improvement, the "data-based decision” is one of the important concepts to
promote [1]. Because of that, at present, a great number of studies have been carried out in the lean
guality management in various fields and obtained certain achievements. On the basis of previous
studies, combined with the complex structure, many development links and high quality requirements
of the complex electromechanical products, this paper carries out the study on the collection and
storage of multi-source heterogeneous quality data to provide data support for the enterprises to
improve product quality, process quality and work quality.

The architecture of the main business of the manufacturing enterprise related to manufacturing is
shown in Figure 1. Among them, production scheduling, production control, quality assurance,
material and energy control, product inventory management and equipment maintenance management
are the main businesses of manufacturing process operation management, while order management,
cost accounting, procurement, R&D and marketing and other non-main businesses have an inseparable
relationship with the manufacturing process [2].
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Figure 2. Correlation between various activities in the Process of Production Control
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The activity of "production control” is to control the production, processing, assembly, debugging
and other activities according to the production plan, that is, to monitor the man, machine, material,
method, measurement and environment (SM1E) [3]. The fluctuation of 5SM1E in the production
process centrally reflects the implementation of the production plan [4]. On the one hand, the resource
data, operation data, equipment status, quality problems and other information collected through
production data collection activities can be used for production performance analysis. On the other
hand, the documentary of production process can be used for production process tracking and is the
basis of process capability evaluation and adjustment. The correlation between the various activities in
the process of production control is shown in Figure 2.

2. Management category of quality big data

In the narrow sense, the quality data refers to the data related to product quality, such as the measured
value of key characteristics, percent defective, percent of pass and first pass yield [5]. In the broad
sense, the quality data reflects the product quality, process quality and work quality, such as
fluctuation of process parameters, equipment operation condition, quality cost loss, production batch,
inventory, invalid operation time, production plan completion, process change, equipment downtime
loss, supply quality fluctuation and material shortage time, which will become the study objects of
enterprise lean quality management. Therefore, the management category of quality big data refers to
the basic information, status information, result information and analysis and evaluation information
covering various business activities in each stage of product formation. From the perspective of
manufacturing process operation management, the information included in quality big data is shown in
Figure 3:

Definition information: the
information that must be defined to
complete product production. It is
the detailed input information of
work quality, process quality and
product quality evaluation

Process operation

information: all kinds of
2 4 measured values and
status information in the
production process

1 3 S

Planning and request information: Capability information: the available Performance/response
determining what to produce and resource information, the actual amount information: what is produced,
what to use for production. It is the and status of resources and the how is resource used and
input information of work quality, availability of workdays and time. The quality status

process quality and product quality capability information is dynamic

evaluation information

Figure 3. Information included in quality big data

The information in Figure 3 is both hierarchical and interrelated, and the correlation between the
levels is shown in Figure 4. From the order placing, production plan preparation and plan execution to
the collaborative operation of the 5SM1E and other resources and production factors in the processes as
well as the operation process and results, the organic whole shall be driven by the top-down
production orders and plans on the one hand and achieves the short-term, medium-term and long-term
analysis and evaluation of the whole manufacturing operation by perceiving the product, process,
equipment and tool status and collecting the operating data on the other hand, so as to realize the
closed loop control of the production process.
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This paper analyzes the environment for the production of the quality data from the perspective of
manufacturing process operation management above and analyzes how to evaluate the production plan,
logistics, inventory and manufacturing process through quality data, as well as the correlation between
quality data. At the same time, the quality data is formed at various stages of the product life cycle.
Therefore, we need to analyze the management category of quality big data from the perspective of
product life cycle.

Viewing quality big data from the perspective of product life cycle, the quality data can be
classified into three categories: basic resource information, product process information and product
process comprehensive information. The main composition and correlation of various types of
information are shown in Figure 5.

The management category of quality big data includes the stage information of product formation
process and the operation management information of each stage. It is a true multi-dimensional, multi-
data type and strongly correlated data set.

3. Acquisition of quality big data

3.1. Purpose of acquisition of quality big data

The quality big data is acquired to effectively monitor and quantitatively assess the production
operation, equipment maintenance operation, quality operation situation and inventory operation
situation in the manufacturing process, then find out the bottleneck problems and optimize the
manufacturing process, to achieve the purpose of gradually improving the manufacturing management
system. From the perspective of product quality, process quality and work quality, the specific purpose
of acquisition of the quality big data is shown in Figure 6:

Purpose of acquisition of quality big data )

From the perspective of
product quality

® Fully grasp the quality of parts,
components and products
® Fully grasp the supply quality of
outsourcing manufacturers
® Master the impact of purchased raw
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® Analyze the impact of equipment health
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® Automatic extraction of product delivery
data packets
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o Comprehensively monitor the product
production, assembly and debugging process
® Optimize the production plan and adjust the
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» Make collaborative optimization of part
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manufacturing/component assembly/product
debugging process capability

® Fully grasp the stability and reliability in the
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» Optimize the part manufacturing, component
assembly and production debugging

o Fully grasp the material flow time and flow
efficiency

® Fully monitor the equipment utilization and
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® Optimize the equipment maintenance cycle
and timing
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calibration period of the measuring equipment
» Fully monitor the measuring equipment
utilization and measurement accuracy
fluctuation

o Analyze the impact of inventory on the
product delivery process

From the perspective of | ™
work quality

® Monitor production order
completion status in real time

® Keep abreast of quality cost
expenditure and find out the cause of
quality loss cost

» Fully grasp personnel load and
optimize personnel allocation

# Find out the improvement point of
ergonomics and improve the operation
procedures and work instructions

® Analyze the utilization of enterprise
assets and optimize the time of
equipment purchase and raw material
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# Conduct supplier evaluation and
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® Identify production bottlenecks

® Optimize the personnel training plan

Figure 6.

Purpose of acquisition of quality big data
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3.2. Acquisition strategy of quality big data

Quality data includes data from process dimension, phase dimension and resource dimension and
includes input information such as process and characteristic definitions and production plans, as well
as output information of process execution results. Take the acquisition of quality data of a workshop
production process as an example. Figure 7 is an example of the input data and output data of the
manufacturing process.

Demand information
Planning information

Definition information|

¥ z

b S
dinba Amerrxny
|

awdmba say

Ul PROT [PUU0SID ]

UOT)EULIOTUT SFRST (ML

(’ UOHBULICHUT SSRGS JINPaL]

7

I e | o e ) o

| Outpet il 1 ] | sJ.ni..: iz | | Outgut i13 I

Product characteristic information

[Lonput 21| [ coutpun i22 | [[contpen i23 | Personnel load mformation

Input i

Process Muctuation information

Processing equipment condition information
Auxiliary equipment usage information
= ]
] Output 2 4 0wputi | T cquipment usege informari

Plan completion information

Nonconformity examination information

[opt i1 ] [ ouipus in2 | [ urput in3 |
1 T

Figure 7. Sample of quality data acquisition during production
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data collected through PAD terminal,
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Process output
information —
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* Data acquisition through bar code
reading equipment; (coded
information of products, equipment,
tools, fixtures, gauges, auxiliary
equipment, documents, etc.)

* Data acquisition through the detection
equipment with data transmission
function (the interface can be
RS232/485, USB or RJ45) (test
information such as product features)

Quality data acquisition

Process output
information — automatic

* Collect working condition information
of CNC machine (feeding speed,
spindle speed, spindle torque, load, etc.)

* Data acquisition device of condition
detection equipment with external
sensor (temperature, humidity, pressure,
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* PLC (equipment operation logic and
switching)

Figure 8. Quality data acquisition method
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These data can be acquired both manually and automatically. The manual mode also includes
discrete acquisition and online acquisition. Discrete manual quality data acquisition can be recorded
by means of informatization of paper records, file import, offline PDA, etc. The manual online
acquisition is to use the test equipment with data transmission function to realize the acquisition of test
results data triggered manually. Automatic data acquisition is to automatically collect the working
condition data of the production process through the data acquisition card in the specified sampling
period by adding a sensor. The data acquisition method is shown in Figure 8.

3.3. Acquisition process of quality big data
The quality data is collected and integrated according to the logical level of unit - workshop -
enterprise. The acquisition process is shown in Figure 9.

Order | |

Effective utilization of
performance

equipment/mean time 1o repair

Order | |

Effective utilization of
performance

Enterprise laver equipment/mean tme 1o repair

Tt time output
rate/manufacturing cycle

Material supply

efficiency statistics

l Ergonomics | ‘

Average delivery time statistics'typical |

- . Supply pass rate
product manufachuring cycle | VPP pass rale |

Data collection and integration Data collection and mtegration

_| Process H Process H Process H |_ —| Process H Process —{ Process H B
—| Process H Process H Process H s '— Process H Process H Process H

.......... | mmmmmm mmmmma —moa-
Procss =L Process ==L Process =4 ...
e = gl Srepapepry

|— —| Process H Process H Process H -
|— —| Process H Process H Process H

|_

Workshop layer

Process L= Process k=1 .
| el S P

..... | mmmmmm mmmmma mmmmo
Proess =L Process ==L Process 124
[l e

N b
_________ e - - d

PR ey |

™

Tt layer

Part

m— C

[Fovcone ] [Eipoen ]

Gauge

| —

,_. - ‘..\.

Product

# Part manufacturing procedure quality
evaluation (FPY)

# Production process quality evaluation {first
pass vield)

o Unilization of equipment resources (available
operating time)

# Personnel load (per capita working time)

« Material mmover time (material flow time
between processes)

# Partial assembly process quality evaluation
(FPY)

& Assembly process quality evaluation (first
pass yicld)

» Utilization of equipment resources (available
operating time)

» Personnel load (per capita working time)
 Material mmover time (material flow time
between processes)

® Product assembly process quality evaluation
(FPY)

» Assembly process quality evaluarion (first
pass yicld)

o Utilization of equipment resources (available
operating time)

o Personnel load (per capita working time)

& Material mmover time (material flow nme
between processes)

Figure 9. Flowchart of quality big data acquisition
4. Storage specification of quality big data

4.1. Based on unified coding specification
For storage and analysis of quality data, the quality data shall be stored based on unified basic resource
coding and material coding.

For the basic resource coding, full consideration shall be taken into the management requirements
of classification, stratification and uniqueness, and the compilation of unified basic coding for
enterprise resource sharing. The management basis is provided for realizing unified standard
management of basic resources, monitoring of resource status, uniform optimized allocation of
resources, and forecasting of resource purchase quantity and time. Basic resources include: equipment,
tools, measuring tools, fixtures, auxiliary equipment and personnel. The unified coding of basic
resources is the basis and key to realize the quality management of production site based on Internet of
Things.
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The material coding shall take full account of the requirements for classification and stratification
in management and for the correlation with the processing of products and parts in the production
process, and is the basis and key to achieve the traceability of materials for products and production
processes.

4.2. Based on business flow and data flow framework

The storage of quality big data shall match the actual business flow, and a detailed business flow and
data flow framework shall be developed, as shown in Figure 10. The framework implements a top-
down demand planning, task decomposition, manufacturing execution and field control and bottom-up
information feedback and achieves the quality analysis and evaluation of the products, equipment,
materials, personnel, production plan, manufacturing process and supplier through input and output
analysis and comparison of each unit and process.

Order
management
Personnel
management
Order
management

Order and resource capacity information Planning layer (plant level)

ERP (PDM, CAPP (process route))

Resource capability
mformation

Executive layer (branch)
MES (CAPP (process information))

Personnel | )

management

Order

management

Personnel
management

Resource status
information

(—

Personnel
& management /’

Field control layer (work umit)
CNC and assembly umt

T1ATIA;

Measured values such as product status, logistics status, equipment operation status, gauge,
processing status, etc

— & Task planning decomposition and delivery

---------- » Execution result feedback

Figure 10. Business flow and data flow framework of quality big data management system

4.3. Quality data modeling and expression specification

All quality data are output of inspection or measurement activities, which are generated in a certain
situation. Only the quality data with detailed situation information can be used for the quality problem
tracing and the statistics and analysis of process, production process, batch and product. At the same
time, the optimization of production process, of personnel workload and of production task can be
realized by calculating operation time, process waiting time and inspection time through the start time
and completion time of each process. It can be seen that the situation information of quality data is the
basis for quality data classification, automatic collection, quality data based statistical analysis and
process optimization. Therefore, it is necessary to establish the expression specification of quality data.
The organization model and components of the quality data are shown in Figure 11.
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Figure 11. Organization model and components of quality data

5. Conclusion

Data integrity and availability is an important aspect of data acquisition and data management. Only
corresponding to the product, parameter name, measurement time, surveyor and the product
production equipment correctly, a quality data can truly play the value, provide material available for
data analysis in the future and provide data support for enterprises to improve product quality, process

quality and work quality.
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