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Abstract Based on the domestic vehicle recall data for ten years, the features such as recall data, defect reason, defect type,
defect risk, risk cause and service life are analyzed. The five defect types which are design, manufacture, assembly,
calibration and identification and three defect risks which are occupant injury, vehicle crash and firing are put forward to. The
data show that the main three defect causes are design and manufacture and assembly. The most important defect types are
structurally deficient, inadequate accuracy and fastening for above-mentioned three corresponding causes. The recall rate
owning to the vehicle crash risk is more than the two other risks. The highest risk of occupant injury cause for recall times is
airbag failure, and thus for recall numbers is door and window failure. The highest vehicle crash and firing corresponding risk
causes are power losing and fuel leaking. The optimum time is within three years for service life and the range of producing
years. The rate of recall times is similar linear decrease within three years.

Keywords Domestic vehicle recall, Vehicle defect, Defect cause, Risk of accident

1. Introduction

General Administration of Quality Supervision,
Inspection and Quarantine (AQSIQ), Development and
Reform Commission, Ministry of Commerce and General
Administration of Customs jointly issued the Defective
Vehicle Product Recall Regulation on March 15, 2004. The
regulation was officially implemented on October 1.
Defective Vehicle Product Recall Ordinance has been passed
at 219th executive meeting of the State Council of China on
October 10, 2012. The ordinance took effect on January 1,
2013.

According to the new ordinance, the defect, which is
caused by design, manufacture, identification and other
causes that widespread in the same batch, type or category of
vehicle products, refers to the situation that vehicle products
do not meet national and industry standards to protect the
personal and property safety or other unreasonable risks that
endanger the personal and property safety. Recall means a
series of activities that vehicle producers take measures to
eliminate defects for its vehicle products that have been sold.

As to defect vehicle products, producers should recall
them in accordance with the ordinance. When producers
don’t implement recall, product quality supervision
department of the State Council should command them to
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recall in accordance with the ordinance. Business operators
who provide sales, leasing and maintenance of vehicle
products shall immediately stop saling, leasing and using of
defective vehicle products and assist producers to recall them
as soon as they are informed of existence of the defect.

2. Literature Review

Liu Xin (2014) makes comparison of vehicle recall system
in China and developed countries from vehicle recall system
legal basis, legislative level, recall mode, penalty and points
out some existing problems of our current vehicle recall
system and at last explores its improvement measures. Wang
Dong (2014) finds main reason of defects and eliminating
measures by analyzing recall vehicle type and feature
analysis. Xie Qingying(2013) analyzes defect vehicle recall
system from legislative level, legal consequence and
supervision system perspectives by analyzing -current
regulations and learning from defect product recall of the
United States. Zhang Weiliang, Xiao Lingyun, Liu Yahui
(2013) analyzes the form of steering system fault defect and
its impact. Then he puts forward a risk assessment guideline
of vehicle steering system defect. Han Weibin, Chen Junyi
(2012) researches recall vehicle, number of parts, recall
number of different years, recall vehicle number of different
countries. Cheng Ziwei (2012) analyzes internal and external
factors to stimulate the quickly establishment of vehicle
recall system. Shen Ming, Wang Yunsong, Liu Hongxi
(2008) analyzes ten recall data of Europe and the United
States. Their research result may provide useful technical
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support to defect prevention of vehicle products and risk
management. Huang Guozhong, Wang Yan, Wang Dan
(2007) summarizes a suitable vehicle defect risk assessment
index system. Zheng Guohui (2005) analyzes causes of
product quality defect and ways to improve social welfare
based on microeconomics theory.

3. An Overview of Domestic Vehicle
Recall Bulletin

Cumulative recall times reach to 482 and cumulative
recall numbers reach to 9.934 million from June 18, 2004 to
April 11, 2013. The distribution of recall times and recall
numbers of ten years is shown in Figure 1.
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Figure 1. Distribution of recall times and recall numbers

From initial 13 recall cases, nearly 328,000 vehicles in
2004 to 80 recall cases, nearly 3,211,000 vehicles in 2012,
recall times and recall numbers of 10 years show increasing
trend. The impact of China's vehicle recall has increased
annually. Recall vehicle numbers reach to the highest
proportion before the new ordinance taking effective.
Compared with 14,000 recall cases and nearly 660 million
recall vehicles of 42 years according to recall system in the
United States, we should further improve.

We count passenger bus that has less than 7 seats as saloon
car and construction vehicle, tractor as truck. The
distribution of recalled vehicle models is shown in Table 1.
The subject of recalled vehicles is saloon car because of the
big car market volume in the same batch. While passenger
bus defects will lead to destructive security risks, both
producers and authorities should focus on passenger bus
defect recall.

NHTSA recall vehicles include saloon car, truck, bus,
recreational vehicle, motorcycle and moped. Based on
accident statistics and risk assessment, two types of
components such as child seats and tires are classified
separately. Recalled vehicle types are mainly concentrated
on truck and passenger bus in China. There is no defect recall
case of child safety seat. Tire defects are caused by excessive
use of fantuijiao, which will lead to tire bulge, leaking and
other risks and affect traffic safety. There are 2 types of cars
(nearly 12,000 cars) that are recalled due to tire defect on
April 15, 2011.

4. An Distribution of Common Defect
Assembly

Specific contents and forms of vehicle defect recall are
different, but the assembly conform distribution pattern. 400
million vehicles and 200 million defective parts of American
recall, we classify 24 different assemblies. According to fault
tree analysis principle and vehicle construction vehicle
structure assembly classification, recall involves six parts.
They are body, electronic appliance, transmission, engine,
brake & wheel and steering & suspension. The specific
distribution is shown in Table 2.

Higher recall frequency is, higher risk severity is, which
means the site prone to security failures. Thus arouses great
attention of manufacturers and governments.

As is showed in Table 2, the highest proportion of engine
recall times is 28%, followed by 21% of body. The highest
proportion of recall vehicle numbers of the body is as high as
30%, followed by 26% of the engine.

Decomposition of the subsystem may get distribution of
defective parts. Six sub-systems distribution charts that
constitute body defect are showed in Figure 2. They are seat
belt, airbag, seat, window, door and other body.

Distribution of airbag defect is showed in Figure 3, which
is made by different location of airbag. The highest
proportion of recall times is front driver airbag defect DAB,
followed by passenger airbag PAB.

We can get gas generator, pouch, pouch suture, inlay belt,
airbag cover and harness connector by further decomposition
of airbag defect.

Currently producers discover defect and recall most of
vehicles, while competent authorities (AQSIQ) investigate
and recall part of vehicles. Through National Automobile
Accident In-depth investigation system (NAIS) survey, we
find that in actual accident cases, airbags have such defects
as DAB overall flying flip or logos flying. Thus, by accidents
depth survey finding defect may have an effective
complement to producer’s voluntary recall and AQSIQ’s
recall.

5. Analysis to Common Causes of
Defects

5.1. Classification of Defect Causes

According to the definition of ordinance, design,
manufacture and identification reasons are the main causes
of defects in the recall. Some reasons causing defect may
have both design reasons and manufacture reasons, we
classify by main reasons. Calibration defects belong to
design defect according to the ordinance and its main feature
is "updating software to eliminate safety hazards" as
maintenance measures. Manufacture defects can be
subdivided into manufacture defects and assembly defects
according to the ordinance.
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Figure 2. Distribution of recall times caused by body defect
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Figure 3. Distribution of recall times caused by different airbag defect

Table 1. Distribution of recall times and recall numbers of different vehicle model
. . Proportion of Recall vehicle | Proportion of recall | Maximum recall Minimum recall
Vehicle model Recall times . .
recall times numbers vehicle numbers numbers numbers
Saloon car 424 88 9804173 99 756514 2
Passenger bus 29 6 97197 1 26076 24
Truck 29 6 32950 0 20367 1
Table 2. Distribution of vehicle recall times and recall numbers caused by assembly
. Recall Proportion of Recall vehicle Proportion of recall Maximum recall Minimum recall
Different assembly . . .
times recall times numbers vehicle numbers numbers numbers
Body 99 21 2998630 30 706816 2
Electronic appliance 63 13 996516 10 459962 1
Transmission 44 9 1498200 15 756514 6
Engine 137 28 2556068 26 255958 2
Brake and wheel 61 13 672725 7 259119 3
Steering and 78 16 1212181 12 419613 3
suspension
Other body, Seatbelt,
15. 15% 12.12%
O Seatbelt
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Table 3. Distribution of recall times and recall numbers caused by deficiency causes

Type of defect Recall Proportion of Rec.all Propomol.l of Maximum ..
. . vehicle recall vehicle Minimum recall numbers
causes times recall times recall numbers
numbers numbers
Design defect 189 39 6279504 63 756514 2
Calibration defect 26 5 510103 5 236643 4
Manufacture defect 159 33 1997394 20 459962 2
Assembly defect 105 22 1145924 12 232931 1
Identification defect 3 1 1395 0 875 169
Table 4. Distribution of recall times and recall numbers caused by design defect
Type of design Recall Proportion of Recall vehicle | Proportion of recall Maximum recall Minimum recall
defect times recall times numbers vehicle numbers numbers numbers
Arrangement 8 4 113628 2 77579 29
defect
Interference 56 30 903334 14 255958 2
Structural defect 93 49 4177285 67 706816 6
Insufficient 20 11 118869 2 68993 3
strength
Lack of life 7 4 785745 13 756514 124
Margin defects 5 3 180643 3 153065 704

Combined with defect description of recall bulletin, defect
causes can be divided to design, calibration, manufacture,
assembly and identification defects.  Distribution
characteristics are shown in Table 3.

The proportion of recall times caused by design causes is
39%, while the proportion of recall vehicle numbers reaches
to 63%. The proportion of recall times caused by
manufacture and assembly defects is 33%, 22% respectively
and the proportion of recall vehicle numbers is 20%, 12%
respectively. The highest defect cause of maximum recall
numbers is design defect.

Data show that effective means to control defects is to
improve the level of product design and strengthen the
quality control aspects of production process, including
reliability testing, verifying design, manufacture processes
etc. Improving product design level, strengthening quality
management of OEMs and supporting business and defect
retroactive, establishing liability recovery system contributes
to help vehicle manufacturers to control operational risks and
reduce losses caused by recall.

5.2. Characteristics of Design Defect

There are arrangement defect, interference, structural
defect, insufficient strength, lack of life, margin defects of
design defect type. Distribution of recall times and recall
vehicle numbers is shown in Table 4.

Three ranking defects of recall times and recall vehicle
numbers are structural defects, interference and insufficient
strength. The proportion of recall times is 49%, 30% and
11% respectively and the proportion of recall vehicle
numbers is 67%, 14% and 13% respectively. Thus, structural
defects are the most important manifestations of design
defects, far more than other types of design defects.

5.3. Characteristics of Manufacture Defects

There are material defect, molding defect, process defect,
welding defect, inadequate accuracy, lack of strength and
quality defect of manufacture defects. Recall times and recall
vehicle numbers are shown in Table 5.

The proportion of recall times caused by material defect,
molding defect, process defect and welding defect is close to
20%, while the proportion of recall vehicle numbers caused
by inadequate accuracy is as high as 41%, followed by the
proportion of recall times caused by process defect, whose
proportion is 20%.

5.4. Characteristics of Assembly Defect

There are fastening, over tightened, missing equipment,
bad seal, mistakenly loaded, insufficient adhesion and
assembly stress of assembly defect. Distribution of recall
times and recall vehicle numbers is shown in Table 6.

The proportion of recall times caused by fastening and
mistakenly loaded is 37% and 33% respectively, while the
proportion of recall times caused by the remaining assembly
defect is 3% and 9% respectively. The proportion of recall
vehicle numbers is as high as 74%, which is the main type of
assembly defect.

6. Type Analysis of Defect Consequences

There are four potential risks which are caused by various
types of defects. They are occupant injury, vehicle crash,
firing and other risks. The distribution is shown in Table 7.
Improving vehicle crash risk shows the highest proportion of
recall times and recall vehicle numbers. They are 64% and
74% respectively, which is much higher than occupant injury



54 Qian Yubin et al.:

and firing risks.

There are five main reasons that lead to occupant injury
risk. They are seatbelt failure, door and window failure,
airbag failure, seat failure and other reason. The distribution
is shown in Table 8. The proportion of recall times caused by
airbag failure is 51%, which is much higher than seatbelt
failure, door and window failure and seat failure. The highest
proportion of recall vehicle number is caused by door and
window failure. It is 62%, followed by 25%, which is caused
by airbag failure.

There are three level indicators reasons that lead to vehicle
crash risk. They are component failure, performance
degradation and anomalies interference, whose distribution
is shown in Table 9. The proportion of recall times is 48%,
26% and 26% respectively and the proportion of recall
vehicle numbers is 45%, 18% and 37% respectively.

Component failure is divided into puncture, fall off
component, not canceled power, loss of power, loss of
braking, loss of steering and VDC failure. Performance
degradation is divided into dynamic performance
degradation, braking performance degradation, steering
performance  degradation and wheel performance
degradation. The proportion of recall times and recall vehicle
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numbers caused by loss of power is 23% and 37%, which is
much higher than other reasons caused by component
failure.

There are four level indicators reasons that lead to firing
risk. They are overheating circuit, fuel leaking, batteries and
other reasons. The distribution is shown in Table 10. The
proportion of recall times and recall vehicle numbers caused
by overheating circuit and fuel leaking is 34% and 58%
respectively. The proportion of recall vehicle numbers is
27% and 66% respectively.

Overheating circuit is divided into touch spot short circuit,
wire short circuit and circuit board short circuit. The
proportion of recall times caused by wire short circuit and
circuit board short circuit is 17% and 14% respectively. The
proportion of recall vehicle numbers caused by touch spot
short circuit is 16%, which is much higher than the
proportion caused by wire short circuit and circuit board
short circuit. Fuel leaking causes are divided into fuel,
transmission oil, engine oil, coolant, clutch fluid and brake
fluid. The proportion of recall times and recall vehicle
numbers is 47% and 54% respectively, which is much higher
than the proportion caused by other combustible liquid
leakage.

Table 5. Distribution of recall times and recall numbers caused by manufacture defect

Type of manufacture Recall Proportion of Recall vehicle Proportion of recall Maximum recall Minimum recall
defect times recall times numbers vehicle numbers numbers numbers
Material defect 33 21 159030 8 62445 4
Molding defect 9 6 39107 2 24465 54
Process defect 29 18 405128 20 117174 4
Welding defect 29 18 215062 11 70240 30
Lack of accuracy 32 20 814026 41 459962 6
Lack of strength 14 9 38984 2 9464 2
Quality defect 13 8 326057 16 178731 80
Table 6. Distribution of recall times and recall numbers caused by assembly defect
Type of assembly Recall Proportion of Recall vehicle | Proportion of recall Maximum recall Minimum recall
defect times recall times numbers vehicle numbers numbers numbers
Fastening 39 37 845963 74 232931 1
Overtightened 5 5 95444 8 80541 2
Missing equipment 9 9 33324 3 22457 5
Bad seal 5 5 30923 3 17916 253
Mistakenly loaded 35 33 66661 6 16618 1
Insufficient adhesion 9 9 71302 6 24146 15
Assembly stress 3 3 2307 0 1588 77
Table 7. Distribution of recall times and recall numbers caused by different risks
. . Proportion of Recall vehicle Proportion of recall Maximum recall Minimum recall
Type of risk Recall times . .
recall times numbers vehicle numbers numbers numbers
Increase risk of 59 12 796336 8 407503 4
occupant injury
Increase risk of 307 64 7396977 74 756514 1
vehicle crash
Increase firing risk 113 23 1736129 17 255958 1
Others 3 1 4878 0 2440 99
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Table 8. Distribution of recall times and recall numbers caused by occupant injuries

. Recall Proportion of Recall vehicle Proportion of recall Maximum recall Minimum recall
Risk causes . . .
times recall times numbers vehicle numbers numbers numbers

Seatbelt failure 11 19 100830 13 77579 91

doors failure 9 15 490988 62 407503 4

Airbag failure 30 51 196078 25 97452 10

Seat failure 6 10 2727 0 1685 42

others 3 5 5713 1 4076 4

Table 9. Distribution of recall times and recall numbers caused by vehicle crash

. Recall Proportion of Recall vehicle Propomor} of Maximum recall Minimum recall
Risk causes . . recall vehicle
times recall times numbers numbers numbers
numbers
Puncture 5 2 64643 1 49500 51
Fall off component 26 8 316938 4 147310 5
Not canceled power 6 2 84599 1 7552 27
Loss of power 72 23 2734540 37 756514 4
Loss of braking 14 5 44500 1 21685 3
Loss of steering 22 7 100427 1 51813 56
VDC failure 3 1 19418 0 17853 430
Summary of component 148 48 3345647 45 / /
failure
Dynamic performance 8 3 22174 0 12492 34
degradation
Braking performance 38 12 504501 7 259119 47
degradation
Steering performance 29 9 773992 10 419613 3
degradation
Wheel performance 5 2 10537 0 7563 27
degradation
Summary of performance 80 26 1330622 18 / /
degradation
Anomalies interference 79 26 2720708 37 706816 1
Table 10. Distribution of recall times and recall numbers caused by firing risk
. . Proportion of . .
. Recall Proportion of Recall vehicle . Maximum Minimum recall
Risk causes . . recall vehicle
times recall times numbers recall numbers numbers
numbers
Touch spot short circuit 7 6 283336 16 227089 222
Wire short circuit 17 15 137128 8 53459 2
circuit board short circuit 14 12 50819 3 29916 73
Summary of circuit 38 34 471283 27 / /
overheating
Fuel 53 47 934135 54 255958 4
Transmission oil 7 6 150498 9 84200 96
Engine oil 2 2 43029 2 43023 6
Coolant 1 1 5833 0 / /
Clutch fluid 1 1 91 0 / /
Brake fluid 1 1 3622 0 / /
Summary of combustibles 65 58 1137208 66 / /
Battery 4 4 120275 7 118256 1
Others 6 5 7363 0 7153 14
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7. Type Analysis of Defect Consequences

The distribution of recall vehicles of service life and
production time span is shown in Table 11. The proportion of
recall times within one year’s service life is 33% and the
proportion of 1-2 years is 20% and the proportion of 2-3
years is 11%. Therefore, the recall times within 3 years are
similar linear decrease and recall times of 3 years are 67%.
To sum up, vehicles within 3 year’s service life are recall
body.

Similarly, according to the range of producing years, the
proportion of recall times within 1 year is as high as 48% and
recall times within 3 years are similar linear decrease.
Because recall times of 3 years are 84%, vehicles within 3
year’s production span are recall body.

Table 11. Statistics of usage and production span years
Service life Production span
Year Recall Recall
times Percentage numbers Percentage

Less than 1 year 159 32.99 229 47.51
1~2years 97 20.12 111 23.03
2~3years 51 10.58 65 13.49
3~10years 159 32.99 77 15.98
Above 10 years 16 3.32 0 0.00

8. Conclusions

Vehicle recall statistics data of Chinese vehicle recall
network are direct material to analyze vehicle safety defect.
We summarize the distribution of vehicle defect, causes,
types, risk of consequence, reasons of risk, service life from
a large number of cases. The characteristics are as
followings:

(1) The highest recall frequency is engine assembly,
followed by body part of vehicle assembly. The highest
recall frequency of vehicle body part is airbags and door
and window.

(2) There are three causes that lead to vehicle defects.
They are design defects, manufacture defects and
assembly defects. Structural defect is the main type of
design defect and the proportion of recall times and recall
vehicle numbers is 49% and 67% respectively, followed
by interference. The proportion of recall times of
manufacture defect which is caused by inadequate
accuracy, material defect, weld defect and process defect
is approximately 20%. The proportion of recall vehicle
numbers of manufacture defect caused by inadequate
accuracy and process defect is 41% and 20% respectively.
Fastening is the main type of assembly defect and the
proportion of recall times and recall vehicle numbers is as
high as 37% and 74% respectively.

(3) Vehicle crash risk is mainly caused by different type
of defects and the proportion of recall times and recall
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vehicle numbers is as high as 64% and 74% respectively.
Loss of power is the main cause of vehicle crash risk.
Airbag failure and door and window failure is the main
cause that lead to occupant injury risk. Loss of power and
fuel leaking is the main cause of vehicle crash risk and
firing risk.

(4) 1-3 years of service life and production time span
are the main defect recall times. The proportion of recall
times is similar linear decrease.

It is good for vehicle companies to do defect prevention
and risk management, good for government to provide
technique and data support by carrying out vehicle defect
investigations and vehicle recall management, good for
the public and vehicle insurance relevant units and
individuals to recognize vehicle defects and provide car
defect risk control and improve vehicle product safety
from characteristics of vehicle defects, which is got from
vehicle recall data analysis. Eventually it is good to
eliminate or reduce incidence of traffic accidents.
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