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Abstract: This study aimed to identify, analyze, and prioritize the root causes of supply chain 

and supplier risks in the automotive industry, focusing on Iran Khodro Company and its 

suppliers. This research employed a descriptive-analytical method with data collected from 

Iran Khodro Company and 35 of its suppliers through random sampling and expert surveys. 

Root causes were identified through extensive literature review and expert consultations, 

followed by a two-round Delphi method for validation. The findings were weighted and 

prioritized based on expert consensus, using risk assessment indices and statistical analysis. 

The study identified key risk factors including lack of safety actuator systems, inadequate 

safety supervision, insufficient job competency, and absence of safety training as the most 

critical root causes. Additional significant risks were work-related stress, inadequate 

preventive maintenance, and failure to use personal protective equipment. Design 

inefficiencies, absence of safety sensors and ventilation systems, and hidden psychological 

factors also contributed to supply chain vulnerabilities. The results highlight systemic issues 

within the automotive supply chain that increase operational risks and disrupt supply chain 

continuity. Addressing root causes such as safety system inadequacies, employee competency, 

and preventive maintenance is essential for enhancing supply chain resilience in the 

automotive industry. Implementing advanced safety measures, fostering employee training, 

and adopting digital tools can mitigate supply chain risks and improve operational efficiency. 

The study underscores the need for comprehensive risk management strategies to ensure 

sustainable and resilient supply chain operations. 

Keywords: Supply chain risk, automotive industry, supplier risk, root cause analysis, supply 

chain resilience, risk management, Iran Khodro Company. 

 

1. Introduction 

The automotive industry is a complex and highly integrated network of suppliers, 

manufacturers, and logistics providers, where supply chain efficiency and resilience 

play a crucial role in operational success. The rapid globalization of markets, increased demand volatility, and 

recent global crises have amplified the risks associated with supply chain disruptions. Supply chain management 

(SCM) in the automotive industry has been increasingly scrutinized for its ability to withstand unforeseen events, 

such as the COVID-19 pandemic, geopolitical conflicts, and technological disruptions [1-3]. Given the industry's 

reliance on just-in-time (JIT) manufacturing and lean supply chain principles, even minor disruptions can cascade 

through the entire value chain, leading to significant financial and operational consequences [4, 5]. 
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The automotive sector faces a myriad of risks, including supplier failures, logistical bottlenecks, quality issues, 

and regulatory changes, which can all impact supply chain performance [6, 7]. The increasing interconnectedness 

of supply chains has led to a greater emphasis on supply chain risk management (SCRM) as a strategic imperative 

for automotive companies. SCRM involves identifying, assessing, and mitigating risks through proactive strategies, 

such as diversifying suppliers, implementing robust monitoring systems, and enhancing digitalization efforts [8, 

9]. Global crises, such as the COVID-19 pandemic, exposed the vulnerabilities of automotive supply chains, 

particularly in terms of sourcing flexibility and production capacity [10, 11]. During the pandemic, supply chains 

suffered from reduced labor availability, semiconductor shortages, and transportation restrictions, leading to 

production halts and financial losses [12, 13]. Additionally, geopolitical conflicts, such as the war in Ukraine, have 

further exacerbated supply chain instability, impacting the procurement of essential raw materials and automotive 

components [2]. 

One of the most significant risks in automotive supply chains is supplier dependency. Many automakers rely on 

a limited number of suppliers for critical components, such as semiconductors, lithium-ion batteries, and advanced 

electronic systems [6]. Disruptions in these upstream suppliers can have a domino effect, delaying production 

schedules and increasing costs [14]. Research suggests that companies with a more flexible sourcing strategy and 

diversified supplier base exhibit higher resilience during crises [10, 15]. Logistical risks also present substantial 

challenges in the automotive supply chain. Delays in transportation, port congestion, and disruptions in global 

shipping routes can lead to increased lead times and inventory shortages [1, 16]. The rise of inter-organizational 

information systems has facilitated real-time visibility and improved coordination among supply chain 

stakeholders, helping mitigate logistical disruptions [17]. However, the reliance on traditional transportation 

infrastructure remains a vulnerability, particularly when unexpected events, such as natural disasters, strike [18]. 

Quality control and compliance risks further complicate supply chain management in the automotive sector. 

With stringent regulatory requirements and high consumer expectations, any defects or quality lapses can result in 

costly recalls and reputational damage [19]. Ensuring supplier compliance with safety standards, environmental 

regulations, and ethical labor practices has become increasingly important [20]. Companies that integrate proactive 

quality risk management strategies into their supply chains are better equipped to minimize disruptions and 

maintain customer trust [21]. In response to increasing supply chain risks, many automotive firms are leveraging 

digital technologies to enhance their resilience. Digital transformation, including the adoption of blockchain, 

artificial intelligence (AI), and Internet of Things (IoT) solutions, has been identified as a key enabler of efficient 

supply chain operations [12, 22]. Blockchain technology, for example, enables secure and transparent tracking of 

supply chain transactions, reducing fraud and improving traceability [8]. AI-driven predictive analytics can help 

companies anticipate potential disruptions and optimize inventory management in real time [1]. 

Supply chain flexibility has also emerged as a crucial factor in mitigating risks. Companies that maintain a 

diversified supplier portfolio, implement dual-sourcing strategies, and invest in regionalized production hubs have 

demonstrated greater resilience in the face of global disruptions [9]. Additionally, collaborative risk management 

approaches that involve close coordination with suppliers, logistics partners, and policymakers can help enhance 

overall supply chain stability [7]. Despite extensive research on supply chain risks in the automotive industry, there 

remains a need for a more comprehensive analysis of the root causes of these risks. Existing studies primarily focus 

on risk mitigation strategies but often overlook the underlying factors that contribute to supply chain vulnerabilities 

[4, 23]. Identifying the root causes of supply chain and supplier risks is essential for developing targeted 

interventions that address systemic issues rather than just mitigating surface-level disruptions. This study aims to 
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fill this research gap by systematically identifying, analyzing, and prioritizing the root causes of supply chain risks 

in the automotive industry. In another word, this study seeks to identify and analyze the root causes of supply 

chain and supplier risks in the automotive sector.  

2. Methodology 

The study employs a descriptive-analytical design aimed at identifying and analyzing the root causes of 

supply chain and supplier risks in the automotive industry, with Iran Khodro Company as the focal case. The 

temporal scope of the research spans from February 2019 to June 2021. The research population includes all 

suppliers of Iran Khodro Company, while the sample comprises 35 randomly selected suppliers from this 

population, ensuring that the results can be generalized across the entire supplier base. Additionally, participants 

include managers and experts from various departments within Iran Khodro, selected based on their in-depth 

knowledge of supply chain challenges and risks. This dual perspective ensures comprehensive coverage of both 

supplier-related risks and internal company assessments, with respondents representing different operational 

sections to capture diverse viewpoints. 

Data collection is carried out in two stages. Initially, an extensive literature review is conducted to extract 

potential supply chain risk factors. Subsequently, structured surveys and checklists are employed to gather data 

from participants. The survey design incorporates criteria such as clarity, relevance, simplicity, and necessity, with 

ambiguous or irrelevant responses being replaced by clear, pertinent, and essential data through iterative validation 

by expert panels comprising five to seven members. The validated risk factors are then subjected to a rating process 

through expert consensus, conducted in two rounds spaced 15 days apart. In both rounds, experts rate the 

significance of identified risks, with response options including "strongly agree" (4 points), "agree" (3 points), 

"disagree" (2 points), and "strongly disagree" (1 point). Risk importance is also rated on a scale of 1 to 3, with 3 

indicating high importance, 2 indicating moderate importance, and 1 indicating low importance. 

Data analysis involves prioritizing and ranking the identified supply chain risks using statistical methods and 

expert consensus techniques. The first phase of analysis focuses on identifying root causes by examining detailed 

case reports of past supply chain disruptions, aligning findings with legal and operational documentation, and 

extracting underlying risk factors. Expert validation is then conducted, with validated risk factors subjected to 

reliability testing using the consensus-based rating system. Statistical tools are employed to calculate reliability 

coefficients and assess the consistency of expert ratings. Final risk rankings are determined based on weighted 

scores assigned by experts, ensuring that the most critical risks are prioritized for further analysis and mitigation 

planning. 

3. Findings and Results 

Findings that, first, attract seventy percent approval from experts and, second, for which each expert’s 

responses in the second round are identical to his or her responses in the first round are considered reliable and 

accurate. After applying the agreement and importance coefficients, the weight of these findings is determined, 

and the prioritized as well as fundamental items are identified as the final findings. 

After posing various questions, the manner and rationale behind each incident were clarified, and the initial 

data necessary for determining the root causes were obtained, as described in the table below. 

Table 1. Root Cause Analysis in Automative Industry Factories 
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Activity Type of 

Risk 

Risk 

Outcome 

Affect

ed 

Scope 

Sever

ity 

Causes of 

Risk 

Occurrence 

Probabil

ity of 

Occurre

nce 

Detectio

n 

Method 

Contr

ol 

Num

ber 

RP

N 

Standard/

Law 

Accepta

ble Risk 

Unaccept

able Risk 

Recomme

nded 

Action 

Tire 

Molding 

Mold 

falling 

during 

replaceme

nt onto 

the foot 

Crushing/fra

cture of foot 

bones 

A 6 Lack of a 

suitable 

support 

fixture 

5 Regular 

periodic 

inspectio

n 

5 150 

 

√ 

 

Use a 

mobile 

workstatio

n with 

adjustable 

height 

Tire 

Molding 

Transporti

ng the 

mold 

Back pain, 

lumbar disc 

issues 

B 6 Lack of a 

proper 

carrying 

device 

5 Regular 

periodic 

inspectio

n 

5 150 

 

√ 

 

Use a 

mobile 

workstatio

n with 

adjustable 

height 

Tire 

Molding 

Exposure 

to noise 

Hearing loss B 6 Machine 

operating 

conditions/fa

ilure to use 

ear 

protection 

5 Regular 

periodic 

inspectio

n 

5 150 √ 

  

Measure 

and take 

action in 

case of 

exceeding 

permissible 

limits 

Tire 

Molding 

Hand 

getting 

stuck in 

the funnel 

area of the 

machine 

Crushing/fra

cture of hand 

bones 

A 6 Insufficient 

care during 

material 

loading 

5 Regular 

periodic 

inspectio

n 

5 150 √ 

  

Install a 

guard to 

prevent 

hand entry 

Tire 

Molding 

Performin

g work in 

a standing 

position 

Varicose 

veins and 

joint pain in 

the legs 

B 6 Failure to 

take breaks 

during work 

7 Regular 

periodic 

inspectio

n 

5 210 

  

√ Requiring 

temporary 

seated 

work and 

avoiding 

continuous 

operation 

Tire 

Molding 

Bursting 

of the air 

hose 

Injury to 

body parts 

A 5 Hose wear, 

excessive air 

pressure 

beyond the 

specified 

limit, and 

malfunction 

of the cutoff 

system 

5 Regular 

periodic 

inspectio

n 

5 125 

 

√ 

 

— 

Tire 

Molding 

Separatin

g adhered 

tire layers 

Back pain, 

lumbar disc 

issues, etc. 

B 7 Excessive 

weight of 

adhered 

layers and 

applying too 

much force 

5 Regular 

periodic 

inspectio

n 

5 175 

 

√ 

 

— 

Tire 

Molding 

Contact 

with the 

hot part of 

the 

machine 

Hand burn A 5 Failure to 

use 

appropriate 

gloves 

5 Regular 

periodic 

inspectio

n 

5 125 

 

√ 

 

— 

Tire 

Molding 

Hand 

caught 

between 

rollers/dry

er of the 

machine 

Finger 

injuries 

A 5 Using gloves 

while 

working 

with 

rollers/dryer 

5 Regular 

periodic 

inspectio

n 

5 125 

 

√ 

 

— 

Tire 

Molding 

Using 

soap for 

lubricatio

n 

Skin disease B 4 Failure to 

use suitable 

gloves 

during 

contact 

5 Regular 

periodic 

inspectio

n 

5 100 

 

√ 

 

— 

Tire 

Molding 

Tire 

compoun

d fumes 

Air pollution Z 7 Increased 

tire curing 

temperature 

3 None 10 210 

   

— 
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Tire 

Molding 

Pushing 

the 

sidewall 

collection 

stand 

Back pain, 

lumbar disc 

issues, etc. 

B 7 Unsuitable 

wheels on 

the stand 

and contact 

with the 

floor 

covering 

6 Regular 

periodic 

inspectio

n 

5 210 

  

√ Use hard 

(bone) 

wheels 

instead of 

rubber 

wheels 

Tire 

Molding 

Electric 

shock 

Risk of burns 

to body parts 

and physical 

injury 

A 7 Inefficiency 

of the PM 

system and 

inadequate 

grounding 

performance 

6 Regular 

periodic 

inspectio

n 

5 210 

  

√ Execute 

scheduled 

PM actions 

on time 

and 

periodicall

y check the 

grounding 

system 

Tire 

Molding 

Water 

leakage 

Wastewater 

pollution 

Z 4 Leakage 

from O-rings 

and pipes 

4 None 10 160 

   

— 

Tire 

Molding 

Collision 

with the 

overhead 

crane 

during 

inspection 

of the 

cooling 

conveyor 

area 

Death A 10 Insufficient 

platform 

height at the 

inspection 

site in 

relation to 

the 

overhead 

crane boom 

and no crane 

horn for 

warning 

8 Regular 

periodic 

inspectio

n 

5 400 

  

√ Install a 

warning 

horn on the 

crane and 

ensure no 

worker is 

on the 

platform 

before 

crane 

movement 

to carry 

heavy 

loads 

Tire 

Molding 

Risk of a 

worker 

falling 

during 

movemen

t in the 

base 

thread 

area 

Physical 

injury 

A 5 Slippery 

stairs and 

wearing 

improper 

footwear 

7 Regular 

periodic 

inspectio

n 

5 175 

 

√ 

 

Clean the 

walking 

area of 

slippery 

factors 

periodicall

y and use 

footwear 

free from 

oil residue 

Layer 

Manufactu

ring 

Collision 

with the 

machine 

during 

operation 

Physical 

injury 

A 5 Malfunctioni

ng cutoff 

sensor 

5 Regular 

periodic 

inspectio

n 

5 125 

 

√ 

 

— 

Layer 

Manufactu

ring 

Pushing 

the thread 

stand 

Back pain, 

lumbar disc 

issues, etc. 

B 7 Unsuitable 

wheels on 

the stand 

and contact 

with the 

floor 

covering 

6 Regular 

periodic 

inspectio

n 

5 210 

  

√ Use hard 

(bone) 

wheels 

instead of 

rubber 

wheels 

Layer 

Manufactu

ring 

Electric 

shock 

Risk of burns 

to body parts 

and physical 

injury 

A 7 Inefficiency 

of the PM 

system and 

inadequate 

grounding 

performance 

6 Regular 

periodic 

inspectio

n 

5 210 

  

√ Execute 

scheduled 

PM actions 

on time 

and 

periodicall

y check the 

grounding 

system 

Layer 

Pressing 

Collision 

with the 

bladder, 

press 

machine, 

Physical 

injury 

A 5 Malfunctioni

ng cutoff 

sensor 

5 Regular 

periodic 

inspectio

n 

5 125 

 

√ 

 

— 
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and 

building 

Layer 

Manufactu

ring 

Bladder 

falling 

onto the 

foot 

during 

replaceme

nt 

Crushing/fra

cture of foot 

bones 

A 6 Lack of a 

suitable 

support 

fixture 

7 Regular 

periodic 

inspectio

n 

5 210 

  

√ Use a 

suitable 

support 

fixture 

during 

installation 

Using the 

air intake 

capsule for 

dehumidif

ying 

Explosion 

of the air 

capsule 

Death A 10 Wear on the 

capsule wall 

and 

malfunction 

of the safety 

valve 

5 Regular 

periodic 

inspectio

n 

5 250 

  

√ Scheduled 

testing 

(thickness 

measurem

ent of the 

capsule 

and the 

intake 

cutoff 

system) 

Layer 

Manufactu

ring 

Rubber 

waste 

Soil pollution Z 8 Improper 

disposal 

3 Instructi

on 

6 144 

   

Collect and 

transfer for 

recycling 

Gluing to 

prevent 

sticking to 

the 

bladder 

Slipping 

during 

work 

Physical 

injury 

A 5 Failure to 

clean paint 

from the 

floor at the 

work area 

during 

spraying 

6 Regular 

periodic 

inspectio

n 

5 150 

 

√ 

 

— 

Gluing to 

prevent 

sticking to 

the 

bladder 

Explosion 

of the 

paint and 

air tank 

Death A 10 Wear on the 

capsule wall 

and 

malfunction 

of the safety 

valve 

5 Regular 

periodic 

inspectio

n 

5 250 

  

√ Scheduled 

testing 

(thickness 

measurem

ent of the 

capsule 

and the 

intake 

cutoff 

system) 

Gluing to 

prevent 

sticking to 

the 

bladder 

Exposure 

to noise 

Hearing loss B 6 Machine 

operating 

conditions/fa

ilure to use 

ear 

protection 

5 Regular 

periodic 

inspectio

n 

5 150 √ 

  

Measure 

and take 

action in 

case of 

exceeding 

permissible 

limits 

Gluing to 

prevent 

sticking to 

the 

bladder 

Hand 

caught in 

the 

conveyor 

belt 

Finger 

injuries 

A 5 Using gloves 

while 

working 

with the 

conveyor 

and wearing 

loose work 

clothes 

5 Regular 

periodic 

inspectio

n 

5 125 

 

√ 

 

— 

Gluing to 

prevent 

sticking to 

the 

bladder 

Head 

collision 

with the 

chuck 

(three-

jaw) 

Physical 

injury 

A 5 Entering the 

chuck area 

while it is 

rotating 

5 Regular 

periodic 

inspectio

n 

5 125 

 

√ 

 

— 

Gluing to 

prevent 

sticking to 

the 

bladder 

Contact of 

the hand 

with paint 

during 

work 

Skin disease B 5 Failure to 

use proper 

gloves and 

apron 

7 Regular 

periodic 

inspectio

n 

5 175 

 

√ 

 

Prevent 

work if 

gloves and 

an apron 

are not 

used 

Bead 

Manufactu

ring 

Pushing 

the spool 

stand 

Back pain, 

lumbar disc 

issues, etc. 

B 7 Unsuitable 

wheels on 

the stand 

and contact 

6 Regular 

periodic 

inspectio

n 

5 210 

  

√ Use hard 

(bone) 

wheels 

instead of 
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with the 

floor 

covering 

rubber 

wheels 

Bead 

Manufactu

ring 

Contact 

with the 

hot part of 

the 

machine 

Hand burn A 5 Failure to 

use 

appropriate 

gloves 

5 Regular 

periodic 

inspectio

n 

5 125 

 

√ 

 

— 

Bead 

Manufactu

ring 

Electricity 

consumpt

ion 

Energy 

waste 

Z 3 Using a 

heater for 

warming 

7 None 10 210 

   

Turn off 

the 

machine 

when idle 

Bead 

Manufactu

ring 

Hand 

entrapme

nt while 

operating 

the 

machine 

Finger 

injuries 

A 5 Using gloves 

while 

working 

with the 

machine and 

wearing 

loose work 

clothing 

5 Regular 

periodic 

inspectio

n 

5 125 

 

√ 

 

— 

Bead 

Manufactu

ring 

Steam 

leakage 

Energy 

waste 

Z 6 Wear on 

pipes and 

connections 

3 Periodic 

inspectio

n 

3 54 

   

Replace 

pipes and 

connection

s 

Apexing Hand 

entrapme

nt while 

operating 

the 

machine 

Finger 

injuries 

A 5 Using gloves 

while 

operating 

the machine 

and wearing 

loose work 

clothing 

5 Regular 

periodic 

inspectio

n 

5 125 

 

√ 

 

— 

Apexing Hand 

collision 

with 

scissors 

Finger 

lacerations 

A 5 Lack of a 

guard 

5 Regular 

periodic 

inspectio

n 

5 125 

 

√ 

 

— 

STEEL 

BELT 

Manufactu

ring 

Pulley 

falling 

onto 

individual

s 

Physical 

injury 

A 4 Inattention 

when 

placing the 

pulley 

5 Regular 

periodic 

inspectio

n 

5 100 

 

√ 

 

— 

STEEL 

BELT 

Manufactu

ring 

Hand 

collision 

with wire 

Finger cuts A 4 Failure to 

use gloves 

5 Regular 

periodic 

inspectio

n 

5 100 

 

√ 

 

— 

STEEL 

BELT 

Manufactu

ring 

Moving 

the wire 

roll 

Musculoskel

etal 

disorders 

B 6 Manually 

carrying a 

heavy wire 

roll 

8 Visual 

check 

5 240 

   

Use an 

overhead 

crane or 

arm 

Cooling 

the Belt 

Hand 

caught 

between 

rollers 

Finger 

injuries 

A 5 Belt sticking 

to the roller 

and 

separating it 

5 Regular 

periodic 

inspectio

n 

5 125 

 

√ 

 

— 

Cooling 

the Belt 

Contact 

with the 

hot part of 

the 

machine 

Hand burn A 5 Failure to 

use 

appropriate 

gloves 

5 Regular 

periodic 

inspectio

n 

5 125 

 

√ 

 

— 

STEEL 

BELT 

Cutting 

Hand 

entrapme

nt while 

operating 

the 

machine 

Finger 

amputation 

A 7 Failure to 

use a 

warning 

sensor 

5 Regular 

periodic 

inspectio

n 

5 175 

 

√ 

 

Operator 

training - 

sensor 

installation 

STEEL 

BELT 

Cutting 

Exposure 

to noise 

Hearing loss B 6 Machine 

operating 

conditions/fa

ilure to use 

ear 

protection 

5 Regular 

periodic 

inspectio

n 

5 150 √ 

  

Measure 

and take 

action in 

case of 

exceeding 

permissible 

limits 
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STEEL 

BELT 

Cutting 

Electric 

shock 

Risk of burns 

to body parts 

and physical 

injury 

A 7 Inefficiency 

of the PM 

system and 

inadequate 

grounding 

performance 

6 Regular 

periodic 

inspectio

n 

5 210 

  

√ Execute 

scheduled 

PM actions 

on time 

and 

periodicall

y check the 

grounding 

system 

Tire 

Curing 

Bladder 

rupture 

Burns to 

body parts 

A 6 Steam valve 

failure 

4 Regular 

periodic 

inspectio

n 

5 120 

 

√ 

 

— 

Tire 

Curing 

Mold 

falling 

onto the 

foot 

during 

replaceme

nt 

Crushing/fra

cture of foot 

bones 

A 6 Lack of a 

suitable 

support 

fixture 

7 Regular 

periodic 

inspectio

n 

5 210 

  

√ Use a 

suitable 

support 

fixture 

during 

installation 

Tire 

Curing 

Carbon 

black 

particles 

in the 

environm

ent 

Air pollution Z 7 Airflow in 

the 

environment 

6 None 10 420 

   

Build and 

install a 

closed 

automatic 

ventilation 

system 

Tire 

Curing 

Contact 

with 

steam 

from 

curing 

Hand burn A 5 Failure to 

use 

appropriate 

gloves 

5 Regular 

periodic 

inspectio

n 

5 125 

 

√ 

 

— 

Tire 

Curing 

Electric 

shock 

Risk of burns 

to body parts 

and physical 

injury 

A 7 Inefficiency 

of the PM 

system and 

inadequate 

grounding 

performance 

6 Regular 

periodic 

inspectio

n 

5 210 

  

√ Execute 

scheduled 

PM actions 

on time 

and 

periodicall

y check the 

grounding 

system 

Tire 

Curing 

Green tire 

falling 

from the 

hook 

during 

operation 

Physical 

injury 

A 5 Tire not 

secured in 

position and 

the person 

moving 

around 

during work 

5 Regular 

periodic 

inspectio

n 

5 125 

 

√ 

 

— 

Rubber 

Strip 

Cutting 

Moving 

the spool 

stand 

Back pain, 

lumbar disc 

issues, etc. 

B 7 Moving it 

manually 

without 

lifting 

equipment 

6 Regular 

periodic 

inspectio

n 

5 210 

  

√ Use an 

overhead 

crane and a 

holder 

Rubber 

Strip 

Cutting 

Hand 

entrapme

nt while 

operating 

the 

machine 

Finger 

amputation 

A 7 Failure to 

use a 

warning 

sensor 

5 Regular 

periodic 

inspectio

n 

5 175 

 

√ 

 

Operator 

training - 

sensor 

installation 

Rubber 

Strip 

Cutting 

Working 

in a 

standing 

position 

Varicose 

veins and 

joint pain in 

the legs 

B 6 Failure to 

take breaks 

during work 

7 Regular 

periodic 

inspectio

n 

5 210 

  

√ Requiring 

temporary 

seated 

work and 

avoiding 

continuous 

operation 

Rubber 

Strip 

Cutting 

Moving 

blade 

Finger 

amputation 

A 8 Lack of a 

fixed guard 

4 Visual 

check 

5 160 

   

Safety 

training for 

operating 

the 

machine/ 
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Installation 

of a 

transparent 

plastic 

guard 

Rubber 

Strip 

Cutting 

Hand 

collision 

with the 

adjusting 

pins (the 

“Needles 

of Zaram” 

during 

cutting) 

Finger 

injuries 

A 5 Failure to 

observe 

safety points 

when 

adjusting the 

cord 

5 Regular 

periodic 

inspectio

n 

5 125 

 

√ 

 

— 

Rubber 

Strip 

Cutting 

Load 

falling 

during 

transporta

tion 

Death A 10 Inappropriat

e roll 

holding 

hook, no 

horn, and no 

safety catch 

on the crane 

hook 

7 Regular 

periodic 

inspectio

n 

5 350 

  

√ Design a 

suitable 

hook for 

carrying 

loads and 

prevent 

people 

from 

walking in 

the load 

path, install 

a horn, and 

ensure the 

crane hook 

has a safety 

catch 

Cord 

Collector 

Wheels 

and chain 

Clothing 

entrapment 

A 5 Lack of a 

fixed guard 

4 Regular 

periodic 

inspectio

n 

5 100 

  

√ Install a 

guard 

Steam 

Generation 

for 

Production 

Halls 

Explosion 

of the 

steam 

tank 

Death A 10 Wear on the 

tank walls 

and 

malfunction 

of the safety 

valve 

5 Regular 

periodic 

inspectio

n 

5 250 

  

√ Scheduled 

testing 

(thickness 

measurem

ent of tanks 

and the 

cutoff 

system) 

Water 

Hardness 

Testing 

Hand 

contact 

with 

chemicals 

during 

work 

Skin disease B 5 Failure to 

use proper 

gloves and 

apron 

7 Regular 

periodic 

inspectio

n 

5 175 

 

√ 

 

Prevent 

work if 

gloves and 

an apron 

are not 

used 

Steam 

Generation 

for 

Production 

Halls 

Inhaling 

chemical 

vapors 

Respiratory 

disease 

B 7 Failure to 

use an 

appropriate 

mask 

7 Regular 

periodic 

inspectio

n 

5 245 

  

√ Prevent 

work if a 

proper 

mask is not 

used when 

adding 

materials 

Steam 

Generation 

for 

Production 

Halls 

Splashing 

of 

chemicals 

when 

pouring 

them into 

the tank 

Burns to the 

face and 

body parts 

A 6 Failure to 

use a face 

shield, 

gloves, and 

appropriate 

apron while 

working 

7 Regular 

periodic 

inspectio

n 

5 210 

   

Prevent 

work if a 

face shield, 

gloves, and 

apron are 

not used 

when 

adding 

chemicals 

and install 

an 

eyewash 

station in 

the area 

Steam 

Generation 

Contact 

with the 

Hand burn A 5 Failure to 

use 

5 Regular 

periodic 

5 125 

 

√ 

 

— 
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for 

Production 

Halls 

hot part of 

the 

machine 

appropriate 

gloves 

inspectio

n 

Steam 

Generation 

for 

Production 

Halls 

Chemicals 

present in 

the 

environm

ent 

Wastewater 

pollution 

Z 8 Spillage 

during 

weighing 

and leakage 

from 

connections 

7 Instructi

on 

5 280 

   

Wash 

using a 

scrubber 

and 

vacuum 

device 

Condenser 

Station 

Slipping 

from a 

ladder 

while 

moving 

around 

Physical 

injury 

A 5 Slippery 

stairs and 

wearing 

improper 

footwear 

5 Regular 

periodic 

inspectio

n 

5 125 

 

√ 

 

— 

Compress

ed Air 

Production 

Tank 

explosion 

Death A 10 Wear on the 

tank walls 

and 

malfunction 

of the safety 

valve 

5 Regular 

periodic 

inspectio

n 

5 250 

  

√ Scheduled 

testing 

(thickness 

measurem

ent of tanks 

and the 

cutoff 

system) 

Compress

ed Air 

Production 

Exposure 

to noise 

Hearing loss B 6 Machine 

operating 

conditions/fa

ilure to use 

ear 

protection 

5 Regular 

periodic 

inspectio

n 

5 150 √ 

  

Measure 

and take 

action in 

case of 

exceeding 

permissible 

limits 

Repairing 

Air 

Handling 

Units – Air 

pipes and 

water 

pipes at 

height 

Operator 

fall 

Fatality A 10 Failure to 

use 

equipment 

5 Supervis

ion and 

control 

4 200 

   

Obtain a 

work-at-

height 

permit and 

use 

personal 

protective 

equipment 

for 

working at 

heights 

 

Findings that, first, received seventy percent approval from experts and, second, had responses in the second 

round that matched each expert’s initial responses were considered reliable and precise findings. Subsequently, 

after applying agreement and importance coefficients, their weight was determined, and the prioritized and 

essential items were identified as the final findings. These findings were ranked in descending order of importance, 

as presented below in 25 items. 

Table 2. Final Coded Findings with Prioritization 

Factor Value 

Lack of safety actuator systems 213 

Lack of safety supervision 210 

Lack of job competency 204 

Lack of safety training 204 

Lack of relevant work experience 201 

Failure to use personal protective equipment 201 

Stress (thermal, auditory, etc.) affecting concentration 198 

Lack of preventive maintenance requirements 198 

Lack of safety requirements 198 

Lack of technical inspection requirements 198 

Lack of productivity requirements 198 

Failure to conduct periodic inspections 198 
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Work pressure 195 

Negligence 195 

Haste in work 195 

Failure to use safe lifting equipment 195 

Lack of physical fitness 195 

Inappropriate design (low crane boom height relative to operator position) 195 

Lack of ventilation system 195 

Inappropriate design (wheels of the stand) 192 

Lack of suitable support fixture 192 

Absence of safety sensors 192 

Absence of safety warning systems 189 

Lack of auxiliary equipment to facilitate work 189 

Hidden factors (mental and psychological issues due to family problems) 186 

 

The results of this study revealed and prioritized the root causes of supply chain and supplier risks in the 

automotive industry, focusing on Iran Khodro Company and its suppliers. The most critical factor identified was 

the lack of safety actuator systems, with a value of 213, indicating its significant impact on supply chain disruptions. 

This was closely followed by the lack of safety supervision, which scored 210, highlighting the importance of 

oversight in maintaining operational stability. Insufficient job competency and lack of safety training, both with 

values of 204, were also identified as major risks, reflecting the need for well-trained and competent personnel in 

mitigating supply chain vulnerabilities. The absence of relevant work experience and failure to use personal 

protective equipment, each with a value of 201, further compounded the risks, particularly in high-risk operational 

environments. 

Stress factors, including thermal and auditory stress affecting concentration, along with the lack of preventive 

maintenance, safety requirements, technical inspections, and productivity standards, each scored 198, 

demonstrating their equal and substantial influence on supply chain performance. Work pressure, negligence, and 

haste in work, each with a value of 195, were identified as critical human-related risks that can lead to operational 

errors and disruptions. Design-related issues, such as low crane boom height relative to operator position and 

unsuitable stand wheels, also scored 195, indicating the need for ergonomic and safe infrastructure design. 

Additional significant factors included the lack of ventilation systems, suitable support fixtures, safety sensors, and 

warning systems, with values ranging from 192 to 189. Finally, hidden factors, such as mental and psychological 

issues due to family problems, scored 186, emphasizing the importance of addressing employee well-being as part 

of comprehensive supply chain risk management. 

4. Discussion and Conclusion 

The findings of this study identified and prioritized key root causes of supply chain and supplier risks in the 

automotive industry, with a focus on Iran Khodro Company and its suppliers. The most critical factors included 

the lack of safety actuator systems, inadequate safety supervision, insufficient job competency, and the absence of 

comprehensive safety training. Additional significant risks were related to work-related stress, inadequate 

preventive maintenance, and insufficient use of personal protective equipment. These findings reflect systemic 

challenges within the automotive supply chain that contribute to operational disruptions and increased 

vulnerabilities. 

The lack of safety actuator systems was identified as the most critical root cause, with a weight of 213. This aligns 

with previous research by Huang, Wang, and Zhang (2023), who highlighted that technological inadequacies, 
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particularly in safety and monitoring systems, exacerbate supply chain risks in the automotive industry [1]. The 

absence of automated safety mechanisms increases the likelihood of operational failures, as manual oversight often 

fails to detect risks in real time [6]. Similarly, Carpitella (2024) emphasized the importance of digital transformation 

and the integration of advanced safety systems in mitigating operational risks, particularly in high-risk 

environments such as automotive manufacturing [22]. 

Inadequate safety supervision, ranked second with a weight of 210, further compounds supply chain 

vulnerabilities. Gebauer and Tangour (2023) argued that effective safety supervision is essential for maintaining 

operational efficiency and preventing disruptions, particularly in complex supply chains [10]. Their study on 

resilience during pandemics demonstrated that companies with robust safety oversight were better able to maintain 

production continuity and manage supply chain disruptions. Jum’a, Qamardin, and Ikram (2024) also highlighted 

that safety supervision, along with stakeholder collaboration, is a critical component of supply chain resilience 

strategies in the automotive industry [8]. 

The study also found that insufficient job competency and lack of safety training, both weighted at 204, are 

significant risk factors. Irsyadillah and Dadang (2020) noted that employee competency and training directly impact 

supply chain performance, as well-trained employees are better equipped to manage operational risks and respond 

to disruptions effectively [23]. This finding is supported by Kayouh and Dkhiss (2024), who identified that proactive 

risk management, including employee training, enhances supply chain performance in the Moroccan automotive 

industry [9]. 

Another critical factor identified was work-related stress, including thermal and auditory stress, with a weight 

of 198. This finding aligns with Dias, Hernández, and Oliveira (2020), who noted that high-stress environments in 

automotive manufacturing can lead to decreased employee concentration and increased error rates, thereby 

heightening supply chain risks [7]. Pató, Herczeg, and Csiszárik-Kocsír (2022) similarly found that stress induced 

by the COVID-19 pandemic disrupted automotive supply chains, as employees faced heightened workloads and 

operational pressures [3]. 

Preventive maintenance emerged as another significant risk factor, with its absence contributing to operational 

failures and supply chain disruptions. Liang et al. (2022) emphasized that preventive maintenance is crucial for 

maintaining supply chain health, particularly in high-demand industries like automotive manufacturing [4]. Their 

study utilized the SIR epidemic model to demonstrate how preventive maintenance can mitigate the propagation 

of risks within supply chains. Similarly, Zhang (2024) highlighted that regular maintenance and monitoring are 

essential for achieving green supply chain management and reducing operational risks [16]. 

The failure to use personal protective equipment (PPE), weighted at 201, also posed a significant risk. Ayra (2025) 

highlighted that the adoption of PPE is essential for ensuring employee safety and minimizing operational 

disruptions in supply chains [15]. The study emphasized that organizations with strong risk management cultures, 

including strict adherence to safety protocols, exhibited better operational performance and resilience during 

disruptions. 

The study’s findings on the importance of safety requirements, technical inspections, and productivity standards 

align with research by Ishida (2020), who highlighted that comprehensive safety and quality standards are critical 

for managing supply chain risks in the post-COVID-19 era. Ishida’s study demonstrated that automotive companies 

with stringent safety and quality controls were better able to navigate the complexities of global supply chains 

during the pandemic [5]. Prashar and Aggarwal (2019) further supported this, noting that quality risk management 
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is essential for ensuring supply chain resilience, particularly in high-precision industries like automotive 

manufacturing [19]. 

The identification of work pressure, negligence, and haste in work as significant risk factors reflects systemic 

issues within supply chain management practices. Surjandy et al. (2020) highlighted that high work pressure and 

operational inefficiencies often lead to increased error rates and supply chain disruptions. Their study on 

blockchain technology in the automotive component industry suggested that digital tools can help alleviate work 

pressures by streamlining operations and improving supply chain visibility [12]. 

Inappropriate design elements, such as low crane boom height and unsuitable stand wheels, were also identified 

as critical risk factors. Zhou (2024) highlighted that design inefficiencies in supply chain infrastructure contribute 

to operational delays and increased risk exposure. Their case study on supply chain resilience in the automotive 

industry emphasized that infrastructure improvements and ergonomic designs are essential for enhancing 

operational efficiency and reducing risks [14]. 

The absence of ventilation systems, safety sensors, and warning systems further exacerbates supply chain risks. 

Jones, Cai, and Kamaşak (2024) emphasized that environmental controls, such as proper ventilation and safety 

sensors, are critical for maintaining safe working conditions and ensuring operational continuity. Their study on 

sustainable packaging designs in the automotive industry highlighted that environmental and safety 

considerations are integral to supply chain management [20]. 

Finally, hidden factors such as mental and psychological issues due to family problems, weighted at 186, were 

identified as significant risks. Srivastava and Rogers (2021) highlighted that employee well-being directly impacts 

supply chain performance, as psychological stress can lead to decreased productivity and increased error rates. 

Their study on managing global supply chain risks emphasized the importance of employee support systems in 

enhancing supply chain resilience [11]. 

This study, while comprehensive, is limited by its focus on a single company and its suppliers within the Iranian 

automotive industry. The findings may not be fully generalizable to other regions or industries due to differences 

in regulatory environments, market dynamics, and operational practices. Additionally, the study relied on expert 

opinions for risk assessment and prioritization, which may introduce subjective biases despite efforts to ensure 

reliability and accuracy. 

Future research should explore supply chain risk management in other regions and industries to provide a 

broader understanding of risk factors and mitigation strategies. Comparative studies between different automotive 

manufacturers can offer insights into best practices and highlight industry-wide challenges. Additionally, future 

studies could leverage advanced analytical tools, such as machine learning and big data analytics, to identify and 

predict supply chain risks more accurately. 

Automotive companies should invest in advanced safety systems and preventive maintenance programs to 

mitigate supply chain risks. Enhancing employee training and competency is essential for managing operational 

challenges and ensuring supply chain resilience. Companies should also adopt digital tools, such as blockchain and 

IoT, to improve supply chain visibility and operational efficiency. Moreover, fostering a supportive work 

environment and addressing employee well-being can significantly enhance supply chain performance and reduce 

operational risks. 
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