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ABSTRACT 

The improper working conditions for cleaning  a hot roller machine of 100 - 140 
degrees Celsius, 400-600 rpm, using 99% methanol in a kneeling  posture (#1), squatting 
posture (# 2) and then bent over close to the platform to clean the rollers. 100% of the workers 
experienced knee pain, 85.71% had wrist pain, 75% of their hands slipped on the roller 
machine, and 62.5% suffered from methanol exposure. Therefore, to prevent occupational 
hazards among workers, therefore, this study aimed to (1) study muscular problems and injury 
risks, (2) study elapsed cleaning time and the volumes of methanol used, and (3) to compare 
muscular problems and injuries, elapsed cleaning time, and methanol volume used before and 
after installing a cleaning machine. This was quasi-experimental design.There were eight  
male workers, aged 22-28 years old. Repeated REBA measurements were applied for posture 
#1, 96 times, for posture #2, 96 times, and (posture #3) after installing the cleaning tool, 96 
times including abnormal index questionnaire, risk assessment  pre- and post- instalment a 
new roller cleaning press, respectively.  

Before using a new roller cleaning tool, the REBA scores of posture #1 and #2 
among workers were at high levels. After using a new tool, the scores for posture #3 were 
significantly reduced to a medium score level significantly (p < 0.05). For abnormal index, 
pre-instalment of the hot roller cleaning tool, the lowest, highest, and average score were 3.30, 
3.50 and 3.30, respectively. For  post- instalment of the hot roller cleaning tool, the lowest,  
highest and, average score of  abnormal index were 1.00 ,2.00 and, 1.55, respectively. Elapsed 
cleaning time and methanol volumes were higher than pre-instalment the cleaning tool. The 
injury risk level before and after the experiment for hand being caught in the machine, pain 
knee pain, burns, and exposure to methanol were reduced. 

A roller cleaning tool would efficiently reduce muscular problems and injury risk, 
even it took a longer time and higher methanol volume to clean the hot roller. 
  
KEY WORDS: RISK ASSESSMENT/ REBA/ ABNORMAL INDEX/ HYGIENIC PLASTIC 

FILM/ CLEANING MACHINE 
 
109 pages 
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การลดการบาดเจ็บและปัญหาทางกลา้มเน้ือและกระดูกในคนงานทาํความสะอาดลูกกล้ิง: กรณีศึกษาโรงงานผลิตแผ่น
พลาสติกปลอดเช้ือ 
INJURY AND MUSCULOSKELETAL PROBLEM REDUCTION OF ROLLER CLEANING WORKERS: A CASE 
STUDY OF A HYGIENIC PLASTIC FILM MANUFACTUER 
 
ปัณณทตั  วงษาสนัต ์ 5536391 PHOH/M 
 
วท.ม. (อาชีวอนามยัและความปลอดภยั) 
 
คณะกรรมการท่ีปรึกษาวทิยานิพนธ์ : ประมุข โอศิริ, Sc.D.(INDUSTRIAL HYGIENE), สมพร กนัทรดุษฎี เตรียมชยัศรี, Ph.D., 
(NEUROSCIENCE), ดุสิต  สุจิรารัตน์, M.Sc., (BIOSTATISTICS) 
  

บทคดัยอ่  
 เน่ืองดว้ยคนงานตอ้งเขา้ไปทาํความสะอาดลูกกล้ิงซ่ึงมีอุณหภูมิท่ีหนา้สัมผสัของลูกกล้ิงสูงถึง 100 -140 
องศาเซลเซียส หมุนดว้ยความเร็ว400 – 600 รอบต่อนาที ดว้ยท่าทางท่ียากลาํบาก คือ ท่านัง่คุกเข่า (ท่าท่ี 1) และท่านัง่พบั
เพียบ (ท่าท่ี 2)  แลว้กม้ตวัลงเช็ดทาํความสะอาดลูกกล้ิงร้อนดว้ยผา้ดิบท่ีชุบเมทานอลท่ีมีความเขม้ขน้ถึง 99% ซ่ึงบิดให้
หมาด และไถลตวัไปเร่ือยๆ บนพื้นทางเดินของเคร่ืองจกัร พบวา่พนกังาน 100% เคยมีอาการเจบ็เข่า 85.71% เคยมีอาการ
เจ็บท่ีขอ้มือ  75% มือเคยล่ืนไถลไปตามแนวการหมุนของลูกกล้ิง 62.5% เคยสัมผสักบัเมทานอลโดยตรง เพื่อเป็นการ
ป้องกนัอุบติัเหตุของคนงาน ดงันั้น การศึกษาน้ีจึงไดมี้วตัถุประสงค ์ (1) เพื่อศึกษาความเส่ียงของปัญหาของกลา้มเน้ือและ
ความเส่ียงจากการบาดเจบ็ (2) เพื่อศึกษาเวลาท่ีใชใ้นการทาํความสะอาด ปริมาณเมทานอลท่ีใช ้(3) เพื่อเปรียบเทียบความ
เส่ียงของปัญหาการบาดเจบ็ ปัญหาทางดา้นกลา้มเน้ือ เวลาท่ีใชใ้นการทาํความสะอาด และปริมาณเมทานอลท่ีใช ้ก่อนและ
หลงั การติดตั้งเคร่ืองทาํความสะอาดลูกกล้ิงร้อน ออกแบบการศึกษาแบบก่ึงการทดลอง คนงานชายจาํนวน 8 คน อายุ
ระหวา่ง 22 – 28 ปี โดยการวดัซํ้ าๆ ดว้ย REBA สาํหรับท่าท่ี 1 จาํนวน 96 คร้ัง, ท่าท่ี 2 จาํนวน 96 คร้ัง และท่าท่ี 3 (หลงัการ
ติดตั้งเคร่ืองทาํความสะอาดลูกกล้ิง) จาํนวน 96 คร้ัง  รวมทั้งมีการประเมินดชันีความผิดปกติ และการประเมินความเส่ียง 
ก่อนและหลงัการติดตั้งเคร่ืองทาํความสะอาดลูกกล้ิง  

ก่อนการติดตั้งเคร่ืองทาํความสะอาดลูกกล้ิงร้อน พบวา่คะแนน REBA ของท่าท่ี 1 และท่าท่ี 2 มีความเส่ียง
สูงมาก หลงัการติดตั้ง พบวา่ความเส่ียงของท่าท่ี 3 ลดลงเป็นระดบัปานกลาง อยา่งมีนยัสาํคญั (p< 0.05). สาํหรับดชันีความ
ผดิปกติ ก่อนการติดตั้งมีค่าตํ่าสุด สูงสุด และค่าเฉล่ีย ดงัน้ี  3.30  3.50  และ  3.30 ตามลาํดบั ซ่ึงอยูใ่นระดบั ทนไม่ได ้  หลงั
การติดตั้งมีค่า ตํ่าสุด สูงสุด และค่าเฉล่ีย ดงัน้ี 1.00  2.00 และ1.55 ตามลาํดบั ซ่ึงอยูใ่นระดบั ปัญหาเลก็นอ้ยพอทนได ้เวลา
และปริมาณเมทานอลท่ีใชใ้นการทาํความสะอาดมีค่าเพิ่มมากข้ึน  ความเส่ียงต่อการบาดเจบ็จากการถูกหนีบ เจบ็เข่า สัมผสั
กบัลูกกล้ิงร้อน ผวิหนงัสมัผสักบัเมทานอล และเมทานอลกระเดน็เขา้ตา หลงัจากติดตั้งลดลงทุกกรณี  

เคร่ืองทาํความสะอาดลูกกล้ิงสามารถลดปัญหาทางดา้นกลา้มเน้ือและการบาดเจ็บ ไดเ้ป็นอยา่งดี ถึงแมว้่า
จะใชเ้วลาปริมาณเมทานอลในการทาํความสะอาดเพิ่มมากข้ึนกต็าม 
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CHAPTER I 

INTRODUCTION 

 

 

1.1Background and Significance of Problems 

 Statistics of Accident from the Office of Labor Safety, Department of 

Labor and Welfare under Ministry of Labor during 2003 – 2011, the tendencies of the 

accidents are declining. The highest injury is still from cutting. For accidents from 

pulling is ranked no.5 of 10 in workplace where working with roller or machines that 

can pull fingers1. 

 There are many workplace have roller machines or pulling or pressing. For 

workplace where producing hygienic plastics are main raw materials for infant 

products, for example, infant napkins, female products; sanitary napkins, sanitary pads 

and elderly products; absorptive pants, tape diaper, supplementary permeation sheets 

and urinary incontinence pads, etc. These products are necessary products in daily life. 

Thus, industries of the products grow up rapidly, the production process use rollers to 

melt plastic pellets to get filaments and the filaments will pass through hot rollers for 

its combinations. Normally, the surface rollers’ temperature is about 100 – 140 

Celsius, speed at 400 – 600 rounds/min. The hot rollers emit vapors of monomer that 

sticks on the rollers and may wrap up that can cause the emergency shutdowns. The 

emergency case will affect to down time for cleaning and starting again about 0.5 – 1 

hour in each time. 

 Therefore, the methods to prevent filaments stick on the rollers and 

emergency shutdowns, operators need to clean the rollers in every 2.5 – 3 hours or 

every time before staring each production at an average of 8 – 12 times daily. Each 

cleaning must be done while the rollers are at 400 – 600 rounds/min. In the cleaning 

process, operators may expose to methanol. The cleaning process may be a cause of 

accident as follows; 

 1) Hazards on accidents of working with rollers. 
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 Rollers are typically diameters of 0.3 meters, length of 5 meters, are made 

by metal coating with ceramics, at 400 – 600 rounds/min as shown in figure: 1.1 

 

  

          

 

Figure 1.1: Direction of roller’s spin and a point that might have accident from 

pulling from roller. 

 

 Operators must kneeling or sliding on Platform – A while cleaning the hot 

roller with methanol dipped cloth, which temperature on the roller’s surface about 100 

– 140 Celsius and speed at 400 – 600 rounds/min. in anti-clockwise from front view. 

Operator’s hand may get caught between rollers and may results in lost day away from 

work. 

  

 2) Hazard from improper postures 

 Each roller cleaning, employees are necessary to crawl their knees and 

their knees can be injured. This symptom is Medial Meniscus2, osteoarthritis of the 

knees, due to kneeling for a long time as shown in figure 1.2. Operator uses left hand 

 
3 น้ิว 

A is a walk platform between 
machines. 
B is a hot roller for merging 
plastics. 
C is machine guard for the 
hot roller. 
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to support his body and uses his right hand to clean rollers by sliding along the roller. 

It makes his left hand supporting his own weight and the right ligament of wrist 

muscle may be inflamed and injured. The right hand of the operator need to press on 

the roller hardly. The right hand wrist may be injured as shown in figure 1.3. 

 

 

                       

 

 

 

                        

 

 Figure 1.2: Improper working postures of roller cleaning.  

 

 3) Hazards on hot-surface. 

 Operator’s hand might touch hot roller with 100 – 140 Celsius and can get 

burn. 
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4) Hazards of methanol effect3 

Inhalation: Causes mild central nervous system (CNS) depression with 

nausea, headache, vomiting, dizziness, incoordination and an appearance of 

drunkenness. Metabolic acidosis and severe visual effects can occur following an 8-24 

hour latent period. Coma and death, usually due to respiratory failure, may occur if 

medical treatment is not received. Visual effects may include reduced reactivity and/or 

increased sensitivity to light, blurred, double and/or snowy vision, and blindness.  

Eye Contact: Moderate eye irritant. 

Skin Contact: In general, primary alcohols such as methanol are not 

considered to be irritant to the skin. Repeated or prolonged exposure to methanol may 

cause dry, itchy, scaling skin (dermatitis). 

Skin Absorption: Can be absorbed through the skin and cause harmful 

effects as described in “Inhalation” above. 

Skin Sensitization: Not considered to be a sensitizer.  

Respiratory Sensitization: Not considered to be a sensitizer 

Ingestion: There have been reports of accidental or intentional ingestion 

of methanol although ingestion is not a typical route of occupational exposure. 

Ingestion of as little as 10 ml of methanol can cause blindness and 30 ml (1 ounce) can 

cause death if victim is not treated. Ingestion causes mild central nervous system 

(CNS) depression with nausea, headache, vomiting, dizziness, incoordination and an 

appearance of drunkenness. Metabolic acidosis and severe visual effects can occur 

following an 8-24 hour latent period. Coma and death, usually due to respiratory 

failure, may occur if medical treatment is not received. Visual effects may include 

reduced reactivity and/or increased sensitivity to light, blurred, double and/or snowy 

vision, and blindness.  

Fire and Explosion 

Consideration of fire and explosion will determine from the percentage of 

LEL (Lower Explosive Limit) and UEL (Upper Explosive Limit). LEL is the 

minimum concentration (% in air) of a substance in air which is required for ignition, 

concentrations below the LEL will not ignite. UEL is the maximum concentration (% 

in air) of a substance in air which is required for ignition. Concentration above the 

UEL will not ignite. LEL - UEL range of methanol is between 6 – 36.5. 
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 It may conclude that cleaning the rollers; operators will be at risk by 

getting caught between hot rollers, expose to hot rollers, and methanol including 

muscle injury due to improper postures as shown in figure 1.3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

                         Figure 1.3: Work postures and hazards of roller cleaning.  

 

 From the questionnaires, it found that 100% of workers who clean the hot 

roller have pain on knees, after cleaning hot roller from squatting, 85.71% pain on 

wrist from kneeling or squatting, 75% hands slip and jerk by the direction of hot roller 

and 62.5% expose to methanol directly. 

 In addition, the results from Abnormal Index4 of physical and mental 

fatigue by subjective showed the average of AI 3.29 with the minimum of 3.00 and 

maximum of 3.68 from roller cleaning workers. This AI was very high as 

unacceptable. 

 To follow the company’s policy for accident prevention, medical treatment 

case, especially pulling or pressing from critical spinning point of rollers, falling down 

from different steps and get crash from machines, the company assigns worker to 

identify hazards to improve working conditions especially hot roller cleaning. 

 From consideration of hazards that might occur by cleaning the rollers. 

The author therefore designs a tool for cleaning the hot rollers, cooperating with 

Hot rollers will be having 
temperature on surface is 
that between 100 – 140 

Operators dip cloth in 
methanol and clean the hot 
rotating roller at 500 – 600 
rpm. counter clockwise. The 
hazards are nipping from 
rollers and methanol

Operators clean hot roller 
with improper postures; 
kneeling, squatting and 
sliding his body 
continuously. The postures 
are risk to injury of muscles 
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production and technology development department to reduce risk of accident and 

muscles problems.  

 To design the tool for cleaning hot rollers, the principles are operators 

must not contact rotating point or nipping point directly. Cleaning postures must meet 

the ergonomics design; type of handle often affects on force capacity. Typically, 

maximum pulling force in common people are able to handle with two hands without   

overlap between hands. Diameters of this handle should be 3.8 – 5.1 cm.5 and also 

should have the average length of 13 cm. The above size is recommended in various 

performances related to handling materials with hand including grabbing force. 

Pulling force and postures are related in each other. Stability of body is originated 

when standing and forcing with legs. Standing push-pull strength is more than 

kneeling push-pull strength. However, from the study of Davis and Stubbs (1980)5 the 

strength will increase when legs apart5. For pushing, one leg should lean to front and 

another is back. Different of height (distance of floor to handle) will be indicated in 

both female and male, in the case around 135 – 157 cm. and 144 – 164 cm. as 

Maximal Acceptable Force Limits (MAFs) by Snook and Cririello (1991)6, etc. 

 Thus, the results from risk assessment of cleaning hot rollers showed an 

unacceptable risk. The researches designed a tool for cleaning rollers based on 

ergonomics5, cooperating with production department and technology development as 

figure 1.4. To reduce risks of accidents and also muscle problems that might be 

occurred with operators who perform cleaning the hot rollers. 

 

                                             

 

  Figure 1.4: Concepts to Design Hot Rollers Cleaning Tool  
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1.2 Research Problems  

 Using a tool for cleaning hot rollers can reduce risks of accident and also 

muscle injury of roller cleaning operators. 

 

 

1.3 Objectives of the Research  

 General objective  

 To study the outcome of a designed tool for hot roller cleaning on reducing 

risks of accidents and injury. 

 

 Specific objective 

 1) To assess risks from injury, using methanol, thermal contact and nip 

points, workers’ postures to press and clean rollers. 

 2) To reduce injury of muscle from improper work postures. 

 3) To reduce volume of methanol. 

 4) To increase cleanness of rollers, to reduce number of times of wrap up 

film and also to reduce quantity of cloth in cleaning and time. 

 

 

1.4 Research Assumptions  

 1) The risk of working with designed tool for roller cleaning is lower than 

present operation. 

 2) Injury of muscles from using designed cleaning roller tool is less than 

the present operation. 

 3) Volume of methanol using is less than the present operation. 

 4) Cleanness of rollers, number of times of wrap up film and also quantify 

of cloth in cleaning and time are better than the present operation. 
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1.5 Research Scopes  

The study is at a non-woven hygienic plastic production department in a manufacturer 

in Eastern Industry Estate. The hot rollers are made of steel with ceramic coating. The 

temperature of hot rollers is 1000C to 1400C. The roller speed is 400 to 600 rpm. 

 

 

1.6 Variables 

1.6.1 Independent variables 

Method of cleaning roller by hand and by designed tool for roller cleaning. 

1.6.2 Dependent variables 

1) Injury risk (pulling, nipping, expose to methanol, thermal contact from 

rollers) 

2) Result of the assessment of REBA. 

3) Abnormal Index. 

4) Volume of methanol to clean rollers. 

5) Time to clean. 

6) Cleanness of rollers. 

7) Quantity of cloth for cleaning. 

1.6.3 Control variables 

1) Types of cloth for cleaning. 

2) Concentration of methanol. 

3) Size of cloths. 

 

 

1.7 The expected outcome. 

 - To reduce opportunities of workers’ accidents from pulling, nipping, and 

inflame, because operators do not touch the hot rotating rollers directly. 

 - To reduce opportunities of injury from improper work postures of 

workers. 

 - Volume of methanol will be reduced for cleaning hot rollers. 

 - To develop a higher safety standard. 
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1.8 Conceptual framework 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.9 Operational Definitions 

 1. Improvement to clean hot rollers means the designing and installing a 

tool for cleaning hot rollers. 

 2. Risks mean the results of probability and severity by referring results of 

risk assessment based on the company’s procedure. 

 3. Risks level means the level of risks from 1-5 (low risk to very high risk) 

 4. Injury means losing or damage done to operator due to accidents. 

 5. Injury of muscles mean any ligament of muscle gets injury and it also 

might be affected to other organs. 

 6. Hazard areas mean methanol expose area and risky area at rollers. 

Tool for Cleaning Roller 

Independent variable 
Method of cleaning roller by hand 
and by designed tool for roller 
cleaning. 

 

Control variable 
1) Types of cloth for cleaning. 

2) Concentration of methanol. 

3) Size of cloths. 

Dependent variable 
1) Injury risk (pulling, nipping, expose 

to methanol, thermal contact from 

rollers) 

2) Result of the assessment of REBA. 

3) Abnormal Index. 

4) Volume of methanol to clean rollers. 

5) Time to clean. 

6) Cleanness of rollers. 

7) Quantity of cloth for cleaning. 
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 7. Personal factors in work operation mean workers get muscle injury, for 

example; Gout, etc. Even some employees have experienced by accidents and surgery 

that might be affected on muscle’s pain. 

  8. Abnormal Index means the index for fatigue evaluation in both physical 

and psychological after working to complete cycle using their feelings. 

 9. Working postures mean worker postures to clean pre- and post-

installing a tool for cleaning hot rollers which consist of 3 postures as follows: 

 

Posture 1: Kneeling (Pre-installing) 

    

                                                    

                      

                                              Figure 1.5: Posture 1 (Pre-installing) 

 

 Posture 2: Squatting (Pre-installing) 

 

                       

   Figure 1.6: Posture 2 (Pre-installing) 
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Posture 3: Post-Installing. 

 

                                                           

   Figure 1.7: Posture 3 (Post-installing) 

 

10. To clean rollers with machine means workers use a tool to clean hot 

rollers instead of kneeling or squatting to clean hot rollers as follows: 
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                    Figure 1.8: Main components of a tool for cleaning hot rollers. 

 

11. Training how to use a tool for cleaning hot rollers means training 

employee to clean hot rollers safety. 

12. Injury risk means the probability of workers to be pulled or nipped by 

hot rollers.  

13. Risk on methanol exposure means the probability and severity of 

methanol exposure. 

14. Risk on contacting hot surface of roller means the probability and 

severity of contacting hot roller at 100 0C to 140 0C.  

1.5 Pressing force to clean rollers means that pressure by hand presses 

down to cloth for cleaning hot rollers. 

Using of roller 
cleaning 

Hot roller cleaning machine at 
keeping position. 

1

2

3

4

Symbol 
               
            Cleaning cloth. 
         
               Sliding handle, adjust height 5 level. 
               
            Handle. 
             
            Pull this pin to unlock handle position  
            Before adjust height. 
                  

1

2

3

4
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1.6 Result of REBA assessment means the scores that are calculated by the 

REBA form of posture 1; kneeling (pre-installing), posture 2; squatting (pre-installing) 

and posture 3; post-installing a tool for cleaning hot roller. 

1.7 Volume of methanol uses to clean rollers means that volume of 

methanol that cleans hot rollers in each time. 

1.8 Cleanness of roller means the hot roller with no monomer causing of 

wrap up film and shut down the operation. 

1.9 Number of times of wrap up film means the number of times in wrap 

up hot rollers with plastic film due to monomer. 

20. Quantity of cloth to clean in each time means the quantity of cloth for 

cleaning hot roller. 

21. Time of cleaning means working hours of employee to clean hot roller. 

22. Satisfaction on cleaning means the satisfactory scores of employees to 

clean hot roller. 

23. Knowledge of pre- and post-training means the pretest/posttest training 

in using a tool for cleaning hot roller.  

24. Distance to machine means the distance that employee cleans hot roller 

from one end to another. 

25. Type of cleaning cloth means the cotton cloth. 

26. Concentration of methanol means the 99.98% methanol for cleaning 

hot roller. 

27. Force measuring point means that point of force measuring the 

contacting point of the body. 
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 Figure 1.9 Posture 1: Pressure on knees and hands for 4 positions from 1 to 4. 

 

Position 1: Left hand supports body in posture 1: kneeling (pre-installing, 

non- movement) 

Position 2: Left knee in posture 1:  kneeling (pre-installing, non- 

movement) 

Position 3: Right knee in posture 1: (pre-installing, non- movement) 

Position 4: Right hand pushing against roller with methanol cloth in 

posture 1: kneeling (pre-installing, non- movement) 

Actual working site Simulation station 

1 

Supported hand 

2 

Left knee 

3 

Right knee 

Cleaning hand 

4 

Posture 1 kneeling (non- movement)
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               Figure 1.10 Posture 2: Pressure on hands and hip for 4 positions from 5 to 8. 

 

Position 5: Left hand supports body in posture 2: squatting (pre-installing, 

non- movement) 

Position 6: Hip in posture 2: squatting (pre-installing, non- movement) 

Position 7: Feet in posture 2: squat sit (pre-installing, non- movement) 

Position 8: Right hand pushing against roller with methanol cloth in 

posture 2: squatting (pre-installing, non- movement) 

 

 

 

 

5 

Supported hand 

6 

Hip 

7 

foot 

8 

Cleaning hand 

Actual working site Simulation station 

Posture 2 Squatting (non- movement)
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    Figure 1.11 Posture 1: Pressure on knees and hands for 4 positions from 9 to 12.  

Position 9: Left hand supports body in posture 1: kneeling (pre-installing, 

movement) 

Position 10: Left knee in posture 1: kneeling (pre-installing, movement)  

Position 11: Right knee in posture 1: kneeling (pre-installing, movement) 

Position 12: Right hand pushing against roller with methanol cloth in 

posture 1: kneeling (pre-installing, movement) 

 

 

 

 

 

 

 

 

9 

Supported hand 

10 

Left knee 

11 

Right knee 

12 

Cleaning hand 

Actual working site Simulation station 

Posture 1 kneeling (movement)



Fac. of Grad. Studies, Mahidol Univ.                        M.Sc. (Occupational Health and Safety) / 17 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 1.12 Posture 2: Pressure on hands and hip for 4 positions from 13 to 16. 

Position 13: Left hand that supports body in posture 2: squatting (pre-

installing, movement)  

Position 14: Hip in posture 2: squatting (pre-installing, movement) 

Position 15: Feet in posture 2: squatting (pre-installing, movement)  

Position 16: Right hand pushing against roller with methanol cloth in 

posture 2: squatting (pre-installing, movement)  

 

 

 

 

 

1

Supported hand 

1

Hip (weightless , lift hip up) 

1

Foot 

1

Cleaning hand 

Actual working site Simulation station

Posture 2 squatting (movement)
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CHAPTER II 

LITERATURE REVIEW 

 

 

2.1 Risks of Accident 

 Refer to Loss Causation Model of Bird & Germain (1986)7 shows the 

cause of accident as Figure 2.1. 

  

 

  

  Figure 2.1 Loss Causation Model of Bird & Germain (1986) 

 

 Root Cause is a lack of control to perform a management system, system 

standard by laws or company standard. 

 Basic cause is personal factors and work factors. 

 Immediate causes is substandard practices and conditions. 

 The above factors are all causes of accident that become injury and loss. 
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2.2 Principles of Risk Assessment 

By the rules of Department of Industrial Works for hazard identification in 

risk assessment and risk management plan B.E. 2543 requires the industries have to 

proceed the risk assessment as follows:  

 

1) Checklist 

2) What if analysis 

3) Hazard and Operability Study (HAZOP) 

4) Fault Tree Analysis 

5) Failure Modes and Effect Analysis (FMEA) 

6) Event Tree Analysis 

 

In addition to six methods of the above risk assessments, the Department 

of Industrial Works allows other risk assessments for those industries, if there is an 

approvement by this department. 

Risk assessment guideline by the Thai Industrial Standard is another 

method accepted by the Department of Industrial Works. The company applies this 

method to meet the company requirement. The results of risk assessment are from 

probability and severity as following:  

 

Severity classification 

Hazard effects are considered in 3 sections: people, property and 

community as follows: 
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Table 2.1 Severity classifications that affect on humans and property 

Level Severity Description 

1 

 

 

 

Low 

 

 

 

1. A minor injury in First Aid treatment Case (FAC). 

- Injury in First Aid treatment Case (FAC). 

- Temporary hearing loss. 

- Fatigue. 

- Respiratory irritation. 

2. Property damage less than 10,000 bath. 

2 Medium Receive  medical treatment or gotten accident and cannot work 

in the same operation (Medical Treatment Case; MTC)  

-Injury with specific treatment. 

-Tearing wound or deep cut wound. 

-Burn. 

-Strong impaction. 

-Extreme sprained ankle and wrist. 

-A small crack bone. 

-A minor injury from work eg.  dermatitis. 

-Hearing loss. 

-Bad reputation in some group only. 

-Property damage between 10,000 – 100,000 Baht. 

3 High Serious injury or loses some organs or disability. 

-Any injury or illness that is caused by working and cannot back 

to work in the next day (day-off from doctor’s approval is must) 

including pass away. 

-Lost reputation in national. 

-Chronic eg. Cancer. 

-Property damage more than 100,000 Baht. 

-Illegal in occupational health laws and safety. 
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Table 2.2 Severity classifications that affect on community 

Level Severity Description 

1 Low No affect on community in 500 meters or a little 

nuisance on neighborhoods and be able to solve 

problems within 24 hours.  

2 Medium Affects on community > 500 meters and be able to 

solve problems within 2 weeks 

3 High Affects on community to be hospitalize or evacuation 

and death or property damage and more than 2 weeks 

for solving problems or government organizations 

intervene. 

 

 

Probability classification: 

 Table 2.3 Criteria of probability. 

                                  

                                Score 

        Title 

1 

(Low) 

2 

(Medium) 

3 

(High) 

Weight 

 

1. No. of exposured persons.  1-3 4-6 > 6 3 

2. Frequency and Duration of 

exposure. 

< 16 hours per 

week. 

Between 16- 

32 hours per 

week. 

> 32 hours 

per week. 

3 

3. No. of past accidents.  No incident in 

a year. 

1 – 3 times in 

a year. 

> 3 times in 

a year. 

3 

4. Provide Work Instructions/ 

Procedures/ Regulations on 

Safety. 

Available in 

written 

document and 

appropriate 

with risks. 

Available in 

written 

document but 

no appropriate 

with risks. 

Unavailable 

in written 

document. 

3 

5. Provide training for Work 

Instructions/Procedures/Safety 

rule. 

Everybody 

gets training. 

Some person 

gets training. 

Nobody gets 

training. 

2 
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Table 2.3 Criteria of probability (cont.) 

                                  

                                    

                       Score 

        Title 

1 

(Low) 

2 

(Medium) 

3 

(High) 

Weight 

 

5. Provide training for 

Work 

Instructions/Procedures/ 

Safety rule. 

Everybody gets 

training. 

Some person 

gets training. 

Nobody gets training. 2 

6. Follow Work 

Instructions/Regulations 

on Safety (See Safety 

Audit in article no. 9). 

 

 

Everybody 

follows work 

instructions/regul

ations on safety 

correctly. 

- Some person do not 

follow  work 

instructions/ 

regulations on safety. 

2 

7. Personal Protective 

Equipment (PPE) and 

use.  

 

Available and 

everybody uses 

 

- Available, but 

somebody 

uses/never/no PPE. 

3 

8. Safety design for 

equipment in hazardous  

area (Engineering 

Control/PM) 

Available 

including PM  on 

schedule. 

Available, PM 

is not on the 

schedule. 

No equipment or 

misuses 

3 

9. Safety Inspection.  Safety inspection 

and Record are 

available 

continuously. 

Safety 

inspection is 

available but 

not 

continuously 

or never 

record. 

No safety inspection. 2 

10. Hazardous Warning 

 

Hazardous 

Warning to 

related persons. 

- 

 

No warning or 

existed warning  but 

not appropriate. 

2 
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The percentage of hazardous probability is caused by: 

 

% hazardous probability =                total score after weighting X 100 

                                         (78 –total score after weighting of none assessment title) 

 

Table 2.4: Probability classification. 

Hazardous Probability Level Score 

Level 1: Low 

Level 2: Moderate 

Level 3: High 

0-34% 

35-67% 

68-100% 

 

Table 2.5: Risks Assessment is determined by Probability and Severity.  

Probability  

 

Severity  

Level 3: High Level 2: Moderate Level 3: 

Low 

Level 3: High 

60-100% 

Unacceptable 

Risk (5) 

High Risk (4) Moderate Risk (3) 

Level 2: 

Moderate 

35-67% 

High Risk (4) Moderate Risk (3) Acceptable Risk (2) 

Level 1: Low Moderate Risk 

(3) 

Acceptable Risk (2) Low Risk (1) 
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2.3 Injury of Muscles 

 Muscles System10 

 

                                       

 

 

 

 Figure 2.2 Human muscle structures. 

              

Muscles in body are classified by 3 types as follows: 

 

1) Skeletal muscle is a single muscle that joints with bones, which consists 

of high strength and shrinkage, is controlled by central nervous system, for example; 

arm muscles, legs, body, etc. 

2) Smooth muscle can be shrinked, consumes low energy, automatic 

nervous system control, for example; intestine’s wall, lung, stomach coat, etc. 
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3) Cardiac muscle is cells of heart’s muscles and control by automatic 

nervous system. 

The muscular system is responsible for the movement of the human body. 

Attached to the bones of the skeletal system are about 700 named muscles that make 

up roughly half of a person’s body weight. Each of these muscles is a discrete organ 

constructed of skeletal muscle tissue, blood vessels, tendons, and nerves. Muscle 

tissue is also found inside of the heart, digestive organs, and blood vessels. In these 

organs, muscles serve to move substances throughout the body. 

 

                                                     

 

                                     Figure 2.3: Cross section of muscles. 

 

 Injury of muscles is often caused by over use or impaction. Most of this 

injury are contusion and muscle strain. Contusion is any part of muscle that is affected 

directly until appearing bruise because of capillary tearing, bloods are congested in   

the muscles. If there is no skin tearing, it will swell. Then, the muscles cannot contact 

and work easily. The cause is due to extreme bumping from no-sharp objects. Muscle 

strain is due to muscles or tendon over stretch, which can be classified in 3 severities: 

mild strain, moderate strain and severe strain. 

From the 17 of 40 cohort studies of Keith T.Palmer15 found that 

osteoarthristis was caused by squatting or kneeling. 
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2.4 Ergonomics 

 Ergonomics is a word from Greek, “ergon” means work and “nomos” 

means Natural Laws. When combining these words it becomes “ergonomics” or “laws 

of work”. That might be meant “rules of work”, which is a science of improving work 

condition to fit the operator systematically. 

 

 Ergonomics are classified for 3 types11 as follows: 

 1) Physical Ergonomics are related to anatomy of humans, physiology, 

bio- mechanic concerning with other physical activities; related topics including work 

postures, materials lifting, repeated-movement, abnormal bones and muscles relating 

to work, work office design, health and safety. 

 2) Psychology Ergonomics are related to mental process, for example; 

perception, memory, reasonable, responsibility. These effect the interact between 

humans and the system, mentality, decision making, skills, computer-relative skills of 

humans and humans’ reliability, work stress and training, these might be related to the 

design of humans. 

3) Organizational Ergonomics is concerned with the optimization of 

sociotechnical systems, including their organizational structures, policies, and 

processes. (Relevant topics include communication, crew resource management, work 

design, design of working times, teamwork, participatory design, community 

ergonomics, cooperative work, new work paradigms, virtual organizations, telework, 

and quality management.) 

 

Main problems from ergonomics that affect on operator’s health in work 

of industrial consist of 4 causes as follows: 

1) Hazards from lifting or moving heavy things. 

2) Hazards from work postures. 

3) Injury from moving heavy things. 

4) Injury from work postures. 
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2.5 Injury Assessment 

Methods of ergonomic assessment consisted of many methods, for 

examples: 

1)QEC. Quick Exposure Check (David et al. 2003, 2008; Li and Buckle, 

1999c)12  is the basic posture assessment with observation and questions to operators 

by questionnaires, to assess muscle’s injury on back, arms, neck and upper-arm which 

are scored whole and partial body. Additionally, it assesses work factors, postures, 

movement, force and shift work (psychology factors) and vibration exposure. 

2) JSI. Job Strain Index (Moore and Garg, 1995)13 is the abnormal muscle 

assessment of hands and wrists. The index is classified by exposure, forcing, 

percentile of force duration of entire work, number of forcing, postures of arms and 

wrists, speed of work and duration of work, time determination and frequency from 

all-time movement.  

3) HAL. The Hand Activity Level (American Conference of Government 

Industrial Hygienists, 2000)14 is the risk assessment on hands and wrists. It considers 

of repeated-work and duration of 10-scale forcing.  Load of highest arm forcing is 

assessed by Borg Scale and 5 percentile of females’ strength working in industries, 

number of forcing per second and duration of their works as percentage on work cycle, 

which observed by actual performance. 

4) OCRA (Colombini, 1998: Occhipinti, 1998)15 is assessed by the ratio of  

ATA (Actual Technical Action) for task assessment and RTA (Reference Technical 

Action).  The assessment is calculated by number of frequency and repeated-motion, 

forcing, postures and duration of recovery and other factors, for example; vibration 

and pressure on tissues, etc. The method of this assessment is classified by 2 parts: 

shoulders and elbows/wrists/arms in each arm. 

5) RURA. The Rapid Upper Limb Assessment Method (McAtamney and 

Nigle Corlett, 1993)16 is the overall assessment by considering tasks in each posture; 

neck, body, shoulders, arms, wrists through duration of tasks in each posture, force 

and repeated-motion. 

6) REBA. The Rapid Entire Body Assessment Method (Hignett and 

McAtamney, 2000)17 is the overall assessment method by considering tasks in each 
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part of the body (e.g. trunk, legs, neck, head, arms and wrists). Each score will be 

considered additional factors in similar to RURA, as well as hands quality assessment. 

The REBA (Rapid Entire Body Assessment) is chosen to assess in overall, 

also consideration of load in each work of body (trunk, legs, neck, head, arms and 

wrists) by REBA form. 

 

 

2.6 Digital Force Gauge 

 

               

                                 Figure 2.4 Digital Force Gauge 

 

The author used Digital Force Gauge Model DS/DH/DF as specific tool to 

measure pressing, pushing force as refer to Quality Control manual. 

 

To install a force gauge at simulation station to measure pressure from 

workers on hot rollers to clean hot roller by hand and by designed cleaning tool. 

 

 

2.7 Injury from Hot Surface. 

Hazard from hot-roller is classified by the damage to skin which consists 

of 3 temperature ranges as follows: 

< 40 0C: cells do not damage. 
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Between 40 0C – 60 0C: some cells are damaged especially at 50 0C or 

higher, protein is damaged. 

> 60 0C and longer than 1 minute: Cells are damaged starting from protein 

and cell tissue will be distorted. 

 

 

2.8 Designs for Hot Roller Cleaning Tool. 

Roller’s diameters are 0.3 meters, length of 5 meters, made by metal and 

ceramics coated, in type LC4, speed at 400-600 round a minute, surface temperature at 

100 0C-140 0C. 

The author designs the hot-roller cleaning tool to prevent employees from 

any hazard. 

 

Design for Hot Roller Cleaning Tool. 

2.8.1 System 

Considering SDS from methanol was a flammable chemical. Therefore, 

electricity tools need to be an explosion proof or designed as custom. 

Manual design, due to the limit of budget (budget 750,000 baht) 

Remark: Explosion-proof motor, starting from 1,000,000 baht 

(approximately)/unit, usage at least 2 units (one for in case of calico replace and 

another for sliding left-right position) 

 

2.8.2 Handle Level. 

From the study of K.S Lee18 found that the height level of appropriate 

handle should be at 1090 mm or more. Refer to the employees’ surveys, it therefore 

set up the handle’s height that was adjustable height, 90-1200 mm, which consisted of 

5 levels as shown in figure 2.5. 
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Figure 2.5: Designed Handle level for adjustable height. 

 

 

2.8.3 Cleaning cloth Replacement. 

To reduce walking time for cleaning cloth replacement and ease in filling 

methanol, it thus was designed to increase the cleaning cloth surface for two sides or 

call cleaning head and also easy for replacement. 

 

 

 

1,250 mm 

900 mm

350 mm

Sliding handle can adjust height 5 
levels, increasing 70 millimeter / 
l l
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Figure 2.6: Designed cleaning head for cleaning cloth replacement. 

 

2.8.4 Weight of cleaning head pressing on Hot Roller. 

The weight of cleaning head is designed by using the studied results of 

manual pressuring and it is designed to be pressed adjustable. 

 

2.8.5 The design for left-right sliding adjustable rail with two stations 

of cleaning cloth. 

Loading and unloading as shown in figure 2.7. 

 

 

 

Cleaning 
head contain 
with cleaning 
cloth roll, 
width 10 cm. 
length 7 00 
cm. It can 
rotate to 
change new 

Cleaning 
head 
contain 
with 
cleaning 
cloth roll, 
width 10 
cm. length 
7 00 cm. It 
can rotate 
to change 
new



Punnatut Wongsasan  Literature Review /  32 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.7: Show two stations of loading and unloading cleaning cloth. 

 

 

2.9 Patterns of Hot-Roller Cleaning Tool. 

 After the installation of cleaning tool, the operator just hold the handle 

with two hands and push the cleaning tool slide on rail to clean the roller. 

 

Cleaning length 4,510 mm.

Changing new cleaning cloth 
roll position at operator side. 

Changing new cleaning cloth roll 
position at machine drive side. 
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Figure 2.8: Show work posture of pre- and post-installing hot roller cleaning tool. 

 

From concepts of hot roller cleaning tool, it could reduce risks on 

accidents, for example; pull into the machine and expose to methanol including 

solving problem of muscles injury. 

From the literature review, the researcher had a concept of designing the 

hot roller cleaning tool, instead of cleaning roller by hand. The new design could 

reduce risks of accidents, for example; pulling, nipping, exposing to methanol and hot 

roller and also reduce muscles injury from inappropriate work postures by comparing 

pre- and post-installing. 

 
Pre-  installing hot roller cleaning 
tool. 

Post-  installing hot roller 
cleaning tool 

Cleaning pattern of pre – and post – installing 
cleaning tool. 
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CHAPTER III 

RESEARCH METHODOLOGY 

 

 

 This was a Quasi-Experimental research by one group pretest-posttest 

design. 

 

 

3.1 Subjects 

 Subjects of this study were workers working in hygienic plastic sheets 

operation. Their responsibilities were in-charge directly on hot-roller cleaning. Eight 

workers have worked in company in Eastern industries Estate. 

  

 Sample size was calculated by the below equation. 

 

                                                     

N

P)P(1

Z

E

P)P(1
n

2

2 



  

 

 When    n = size.  

   N = total population, 8 subjects. 

   P  = Proportion of studied subjects mean that proportion of number of 

employees who clean hot rollers at 0.5. 

  Z shows significant  at 0.05 from Standard Deviation.   

                         = 0.05 (Two-Tail):  Z  = 1.96. 

  E means error between proportion of subjects and sample group will be 

not above  +5% = 0.05. 
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Substitute in the formula. 

 

                                          n =            0.5 (1-0.5)     .             

                            (0.05)2   +    0.5 (1-0.5) 

                                                  (1.96)2                 8 

                                         n =        (0.250000) 

                    (0.031901) 

 ‘                         n =         7.836  

 

  Number of sample from the calculation was 8 persons. 

  Sample collection was repeated measurement in pretest for 192 times 

(posture 1 and 2) and in posttest for 96 times (posture 3) to compare forcing on wrists, 

knees before and after installing cleaning machine. Eight persons were grouped in 2 

shifts: day shift (8.00-20.00) and night shift (20.00-8.00). Each person in the group 

worked each shift per 3 days and each shift would be measured 3 times. We summed 

up that each person would be measured 36 times for 8 persons as 288 times in total. 

  

3.1.1 Inclusion criteria, the author verified qualifications of the sample 

group as follows: 

1) Welcome to attend the study as specified continuously. 

2) Never been serious accident or any operation caused by chronic muscle 

injury.  

3) No permanent disease that affects on body pains, for example; Gout, 

etc. 

4) Completely consciousness, communicable Thai language. 

 

3.1.2 Exclusion Criteria, the author verified qualifications of the sample 

group as follows: 

1) Experienced in accident or disease that affects on muscle during the 

study. 

2) Not allow to provide answer for questionnaires and check-up body. 

3) Participants cannot attend pressure forcing measurement. 
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3.2 Materials. 

3.2.1 Tools for Data Collection. 

3.2.1.1 Personal general questionnaire for pretest in cleaning 

hot rollers. 

3.2.1.2 Data questionnaire for posttest in cleaning hot rollers. 

3.2.1.3 Data record sheet for installing pretest-posttest hot 

rollers. 

3.2.1.4 Data record sheet for using ethanol in pretest-posttest 

cleaning hot rollers. 

3.2.1.5 Data collection sheet for pretest-posttest hot rollers 

cleaning. 

3.2.1.6 Cognitive questionnaire for workers in pretest-posttest 

hot rollers cleaning. 

3.2.1.7 Risks assessment form. 

3.2.1.8 REBA assessment form. 

3.2.1.9 Abnormal Index. 

3.2.2 Instrument for this study. 

3.2.2.1 Digital weighting scale. 

Omron model HN-286. 

3.2.2.2 Digital Pushing Force Gauge. 

Product of DESIK model DS. 

3.2.2.3 Tape measurement. 

Product of STANLEY model Power Lock. 

3.2.2.4 Beaker  

Beaker size of 50 / 100 /1,000 milliliters 

3.2.2.5 Tools for Hot Roller Cleaning by manualing. 
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                                                Figure 3.1 Tools for Hot Roller Cleaning. 

 

 3.2.2.6 Cloth. 

 

 

3.3 Process 

First, it is necessary to request a letter from Head of the Occupational 

Health and Safety Department under the Faculty of Public Health at Mahidol 

University for studying in the enterprise. 

 

 

3.4 Data Collection Process 

To declare objectives of this study and participants will sign up their name 

in the permission form for this study. 

 

3.4.1 Preparation 

To request a letter from Head of the Occupational Health and Safety 

Department under the Faculty of Public Health at Mahidol University for studying in 

the enterprise. 

 

3.4.2 Data Collection Process. 

3.4.2.1 Risk Assessment. 

To assess the risk by dividing 3 parts: 

- To assess the risk pre- installing tools for hot roller cleaning. 

- To assess the risk post- installing tools machine. 
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- To assess the risk for machine maintenance. 

3.4.2.2 Ergonomics Work Assessment. 

- To assess ergonomics work before installing hot roller 

cleaning tools by REBA Employee Assessment Check sheet. 

- To assess ergonomics work after installing hot roller cleaning 

tools by REBA Employee Assessment Check sheet. 

3.4.2.3 Abnormal Index. 

- To assess Abnormal Index before and after installing hot 

rollers cleaning tools by Abnormal Index. This will be collected the data of last day of 

that shift, before employees go home. For the assessment form, the author will 

responsible to assess. 

3.4.2.4 Pressure force measurement of muscles. 

3.4.2.4.1 To assess push-force pre- installing 

cleaning tool. 

 

Posture 1 

1) None movement. 

1.1) Calibrate the weighting scale before the 

measurement by 1-kg standard weight and record as figure 3.2. 

 

 

 Figure 3.2: Calibration weight scales by the standard weight. 
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1.2) Weigh employees’ weight and record as figure 

3.3. 

 

Figure 3.3: Weighting of employees’ weight. 

 

1.3) Set a weighting scale at position 1, 2 and 3 for 

posture 1 and at position 5, 6 and 7 for posture 2, read and record. However, the study 

could not be done at the site due to the limited area. Therefore, the work station model 

was set up as shown in figure 3.4 and 3.5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.4: Positions of weighting scale for posture 1: kneeling (non- movement) 

 

Actual working site Simulation station 

1 

Supported hand 

2 

Left knee 

3 

Right knee 

Cleaning hand 

4 
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Figure 3.5: Positions of weighting scale for posture 2: squatting (non-movement). 

 

1.4) For measurement at the position 4 and 8, a 

work station model would be set up near the work station. After finish cleaning hot 

rollers, the worker apply the same pressing force to the scale then record the reading as 

shown in figure 3.6. 

5 

Supported hand 

6 

Hip 

7 

foot 

8 

Cleaning hand 

Actual working site Simulation station 
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Figure 3.6: Position of the weighting scales for posture 1 and posture 2 at position 4 

and 8, respectively. 

 

2) Motion posture. 

2.1) Calibrate the weighting scale by 1-kg standard 

weight and record as figure 3.7. 

                                            

                           Figure 3.7: Calibration weight scales by the standard weight. 

 

Model station for position no.4 and 8.  

Position no.4 of posture 1 kneeling. 

Position no.8 of posture 2 squatting. 

Actual working site. 
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2.2) To weigh employee’s weight and record as figure 3.8. 

                                              

                                        

                          Figure 3.8 weighting of employees’ weight. 

 

2.3) Set up weighting scales at position 9, 10 and 

11 for posture 1: kneeling and at positions 13 and 15 for posture 2: squatting (not 

position 14, it was due to the area where employees needed to move their hips up), 

read and record. For cleaning time, it starts from cleaning hot roller on one side to 

another. In order to weigh on actual site but it can not measure because of limited area. 

Thus, the simulation is set up as work station to weigh as shown in figure 3.9 and 3.10. 
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Figure 3.9 The positions of set weighting scale for posture 1: kneeling (movement). 

9 

Supported hand 

1

Left knee 

11 

Right knee 

1

Cleaning hand 

Actual working site Simulation station 
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Figure 3.10 The positions of set weighting scales for posture 2: squatting (movement). 

 

2.4) For measurement at position 12 and 16, a 

simulation station is set as same as reading value from position 4 and 8. 

Sample collections are repeated measure for 192-

time before the improvement for posture 1 and posture 2 of the sample group of 8 

persons in each two shift: day shift (8.00-20.00) and night shift (20.00- 08.00). Each 

person worked each shift for 3 days and each shift measures 3 times a shift. 

 

3.4.2.4.2 To assess push-forcing after installing 

cleaning tool. 

1) Handle a digital force gauge and put it on handle 

of hot roller cleaning tool. Then push the cleaning tool to move, reading while pushing 

for one cycle with stopwatch from one side of   hot roller to another and record the 

reading as figure 3.11. 

1

Supported hand 

1

Hip (weightless , lift hip up) 

1

Foot 

1

Cleaning hand 

Actual working site Simulation station 
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Figure 3.11: The positions of a digital force gauge for measuring force of posture 3:  

post- installing hot roller cleaning. 

 

Sample collections are repeated measure for 96-

time after the improvement for posture 3 in comparison of 8-person sample group in 

each two shift (day shift was 8.00 – 20.00 and night shift 20.00 – 08.00) which each 

person works 3 days a shift and each shift is  measured for 3 times. 

 

3.4.2.5 Methanol Volume Measurement. 

Pre-Improvement 

1) Employees poured methanol from 18-kg 

container into bucket, reading its height in centimeters and record. In case of height of 

methanol-contained bucket is able to dip with cloth, employees will not fill additional 

methanol and read the height and record. 

2) Employees dipped cloth into methanol-

contained bucket, and squeeze it out to clean hot roller. 

3) Employees read the height level of methanol in 

centimeters and record. 
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Figure 3.12: The process of data collection for methanol consumption in cleaning hot 

roller. 

Remark: The changing of different height level of methanol before and after cleaning 

hot roller is performed by the researcher. 

 

Post-Improvement 

Methanol volume for the best cleaning for one-

round hot roller and also to prepare container for suitably fill are determined. The 

frequency of filling methanol is recorded (methanol volume = container volume x 

frequency of filling)  

 

1.Read methanol 
level before 
cleaning. 

2.Record methanol 
level.

3.Use cleaning cloth 
dip in methanol and 
squeeze it out. 

4. Clean hot roller 
by wet cleaning 
cloth. 

5.Read methanol level 
level after cleaning. 

6.Record methanol 
level. 
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3.4.2.6 Hot Roller Cleaning. 

Pre-Improvement 

To specify size of cloth for cleaning hot roller at 30 

x 700 cm, dipping it with methanol, squeeze and then clean hot roller for one time.  

Keep the cloth in container and reuse it again in the next time until unavailable. Keep 

the cloth in plastic bag, and numbered frequency of using the cloth on the bag, and 

finally change the new cloth. 

 

                              

Figure 3.13: The process of data collection for cleaning cloth in pre-improvement. 

 

Post-Improvement. 

The hot-roller cleaning tool is moved for one round 

from one end to another, marking on cloth and move for new surface cloth, continue 

cleaning until completed cleaning hot roller and keep the used cloth in bag. 
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Figure 3.14: The process of data collection for cleaning cloth in post-improvement. 

 

The cleanness of hot roller is determined by the frequency of cleaning and 

wrap up film on roller. 

 

3.4.2.7 Knowledge of Operators before and after training on 

Hot-Roller Cleaning Tool. 

The “Pre- and Post-Training Test for operating hot-roller 

cleaning tool with operators both in pre - and post - training on hot roller cleaning tool 

are applied to compare the improvement. 

 

3.4.2.8 Data analysis. 

Reliability and Validity Test 

1) Digital Force Gauge. 

1.1) To calibrate the accuracy annually. 

1.2) Zero adjustment are required by Quality 

Control Manual. 

1.3) Anybody who use the digital force gauge must 

be trained by the researcher. 

2) Digital Weighting Scale. 

Cleaning area 
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2.1) To calibrate the accuracy annually. 

2.2) Zero adjustment are required by Quality 

ControlManual. 

2.3) To calibrate with standard weight before 

measuringforce. 

2.4) Anybody who use the digital weight scale 

must be trained by the researcher. 

 

 

3.5 Data Analysis and Research Statistics 

3.5.1 To analyze data and general characteristics of sample group; general 

data, health, work, cloth cleanness in pre- and post-improvement by frequency 

distribution, percentage, means and standard deviation. 

3.5.2 To test the different force, REBA scores, Abnormal Index and 

volume of methanol usage in pre- and post-installing of hot-roller cleaning tool by 

Paired T-test, and also correlation in the relationships between body weight and 

pressure force. 
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CHAPTER IV 

RESULTS 

 

 

 The study was a quasi-experimental research. The purposes of this study 

were to study results of hot-roller cleaning tool on reducing risks from accident and 

muscles’ problem for operators who have worked with hygienic-plastic plate machine 

in a manufacturer of Thailand Eastern Industrial Estate.  Subjects of this study were 8 

male operators in-charge directly to clean hot roller for ironing plastic, repeated-

measure both pre- and post-improvement as follows: 

 

 

Section 1: Personal data, general information, history of work and 

hazardous exposure to hot-roller cleaning 

 The average age of 8 operators were between 22-33 years old, the average 

weight was 63.7 kg, minimum weight at 47.7 kg and maximum at 70 kg. 

 The study found that they experienced pain on their knees after cleaning 

hot roller (from posture 1: kneeling). 85.71% in experience of wrists pain (from 

posture 1 or 2: kneeling or squatting), 75% in experience of hands slide along hot 

roller and 62.5% in experience of exposing to methanol directly. 

 

 

Section 2: Results of the improvement. 

2.1 Risk assessment 

Results of risk assessment on injury in pre- and post-installing hot-roller 

cleaning tool consists of: 

2.1.1 Risk assessment in pre-installing hot-roller cleaning tool. 

2.1.2 Risk assessment in post-installing hot-roller cleaning 

tool.  
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2.1.3 Lists of risk assessments comparing between pre- and 

post-installing hot-roller cleaning tool. 

2.1.1 Risk Assessment in Pre-Installing Hot-Roller Cleaning Tool. 

Results of risk assessment in pre-installing hot-roller cleaning tool found 

13 risks. It was a risk level 3 (moderate risk level) for 2 hazards, caught in machine 

between hot rollers and machine guard and pain on knees, a risk level 2 (acceptable 

risk level) for 8 hazards, expose to methanol and hot surface of roller. Finally, a risk 

level 1 (low risk level) for 3 hazards were caused by material lifting and inhale 

methanol vapors as shown in Table 4.1. 

 

Table 4.1 Results of risk assessment in pre-installing hot-roller cleaning tool. 

Activity/Job 

/Hazard 

Incident 

 

Results 

 

Effect 

 

Severity Probability  

 

Risk Level 

1.Pour 

methanol from 

gallon to 

bucket. 

 

Lifting 16-kg 

gallon 

Back 

pain 

Operator 1 1 1 

Skin exposure 

to methanol 

Irritant 

on skin 

Operator 2 1 2 

Methanol 

exposure to 

eyes 

Irritant 

on eyes 

Operator 2 1 2 

Inhale 

methanol 

vapors 

dizziness Operator 1 1 1 

2. Dipping 

cleaning cloth 

in methanol 

and squeeze. 

 

Methanol 

exposure to 

skin 

Irritant 

on skin 

Operator 2 1 2 

Methanol 

exposure to 

eyes 

Irritant 

on eyes 

Operator 2 1 2 

Inhale 

methanol 

vapors 

Dizziness Operator  1 2 2 
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Table 4.1 Results of risk assessment in pre-installing hot-roller cleaning tool (cont.) 

Activity/Job 

/Hazard 

Incident 

 

Results 

 

Effect Severity Probability  

 

Risk 

Level

3. Cleaning 

hot roller 

 

Hand may 

caught in 

machine 

between hot 

roller and 

machine 

guard 

Arm 

broken 

arm 

Operator 3 1 3 

Hand may 

get burn by 

touching hot 

roller 

Burn Operator 2 1 2 

Skin contact 

to methanol 

Irritant on 

skin  

Operator 2 1 2 

Methanol 

exposure to 

eyes 

Irritant on 

eyes 

Operator 2 1 2 

Inhale 

methanol 

vapors 

Dizziness Operator 1 1 1 

Working by 

knees 

Knees 

pain 

Operator 3 1 3 

 

2.1.2 Lists of Risk Assessment in Post-Installing Hot-Roller Cleaning 

Tool. 

Results of risk assessment in post-installing hot-roller cleaning tool found 

9 risks. It was a risk level 3 (moderate risk level) for two hazards; bolt of hot-roller 

cleaning tool may drop in the machine while working or while installing or 

maintenance, a risk level 2 (acceptable risk level) for 3 hazards; the hand may impact 

between the sliding handle and fence of that machine, cleaning cloth’s tail may get 
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tangle into the machine and hand may be trapped in the hot-roller cleaning tool, a risk 

level 1 (low risk level) for 4 hazards; inhale methanol vapors, the machine fence may 

bump by sliding handle  as shown in Table 4.2. 

 

Table 4.2 Results of risk assessment in post-installing the hot-roller cleaning tool.  

Activity/Job 

/Hazard 

Incident 

 

Results 

 

Effect Severity  Probability  

 

Risk 

Level 

1.Pour 

methanol 

from gallon 

to bucket. 

Inhale 

methanol 

vapors 

Dizziness Operator 1 1 1 

2.Pour 

methanol to 

soaking 

calico  

Inhale 

methanol 

vapors 

Dizziness Operator 1 1 1 

3.Unlock the 

cleaning tool 

and push to 

clean 

 

 

 

 

 

 

 

 

 

 

Sliding handle 

to bump 

machine fence 

due to careless 

of set up lowest 

position 

Hedge 

damage 

 

Property 

 

1 

 

1 

 

1 

 

Sliding handle 

may bump to 

machine fence. 

Hand injury Operator 2 

 

 

1 

 

2 

 

bolt of hot-

roller cleaning 

tool may drop 

in the machine 

while cleaning 

Machine 

damage 

property 3 1 3 
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Table 4.2 Results of risk assessment in post-installing the hot-roller cleaning tool 

(Cont.) 

Activity/Job 

/Hazard 

Incident 

 

Results Effect Severity  Probability  

 

Risk 

Level 

4. Changing 

new calico 

Cleaning 

cloth’s tail 

is pulled 

into the 

machine 

Machine 

damage 

Property 2 1 2 

5. Installing/ 

Maintenance 

 

Bolt may 

drop in the 

machine  

Machine 

damage 

Property 3 1 3 

Lifting the 

cleaning 

tool by 

hand 

 

 

The 

cleaning 

tool hit 

hand while 

set it down 

Operator 2 1 2 

Back pain Operator 1 1 1 

 

2.1.3 Lists of Risk Assessment in Comparison between Pre- and Post-

Installing Hot-Roller Cleaning Tool. 

The risks comparison between pre- and post-installing hot-roller cleaning 

tool was found that the cleaning tool eliminated 5 risks; hand may get caught between 

hot roller and machine guard, knee pain, hand may get burn by touching hot roller, 

skin and eyes exposure to methanol which consisted of risk levels as 3, 3, 2, 2 and 2, 

respectively. The risk level 1 was still the same (low risk level) for methanol vapors 

inhalation. There was a new risk level 1 (low risk level) of sliding handle of hot-roller 

cleaning tool bumps the machine fence due to careless of setup lowest position and 
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may cause fence damage. There were new risk level 2 (acceptable risk level) for three 

hazards; sliding handle bumps machine fence due to careless of setup lowest position 

and may cause hand injury, Cleaning cloth may be pulled into the machine while 

changing new cleaning cloth of hot-roller cleaning tool and a risk of lifting the 

cleaning tool from installing area, it might bump worker hands. There was a new risk 

level 3 (moderate risk level), which is necessary to make risk control standard. That 

was a risk from bolt of the cleaning tool dropping in the machine while 

working/installing/maintenance. Control countermeasure was to setup standard to 

control quantity of bolts in pre- and post-installing/maintenance as shown in Table 4.3. 

 

Table 4.3 Results of comparison in pre- and post-installing hot-roller cleaning tool 

 

No. 

 

 

Incident 

 

 

Results of 

Hazard 

 

Risk Comparison 

 

Control 

measure 

 

 

Pre-

Installing 

Post-Installing 

1 

 

 

 

 

Hand may 

caught in 

machine 

between hot 

roller and 

machine guard 

Arm broken

 

 

 

3 

 

 

 

 

0 

 

 

 

 

N/A 

 

 

 

 

2 Hand may get 

burn by 

touching hot 

roller 

Burn 2 0 N/A 
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Table 4.3 Results of comparison in pre- and post-installing hot-roller cleaning tool 

(cont.) 

 

No. 

 

 

Incident 

 

 

Results of 

Hazard 

 

Risk Comparison 

 

Control 

measure  

 Pre-

Installing 

Post-Installing 

3 Skin contact to 

methanol 

Irritant on 

skin 

2 0 N/A 

4 Eyes contact to 

methanol 

Irritant on 

eyes 

2 0 N/A 

5 Inhale 

methanol 

vapor 

Dizziness 1 1 N/A 

6 

 

 

 

 

Bolt may drop 

in the machine 

while 

working/install

ing/repairing/m

aintenance 

Machine 

damage 

0 

 

 

 

 

3 

 

Quantity 

counts in pre- 

and post-

installing/repa

iring/maintena

nce machine 
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Table 4.3 Results of comparison in pre- and post-installing hot-roller cleaning tool 

(cont.) 

 

No. 

 

 

Incident 

 

 

Results of 

Hazard 

 

Risk Comparison 

 

Control 

measure  

 Pre-

Installing 

Post-Installing 

7 Sliding handle 

of the cleaning 

tool bumps the 

machine fence 

due to careless 

of setup lowest 

position 

Fence 

damage 

0 1 N/A 

8 Sliding handle 

bumps the 

machine fence 

due to careless 

of setup lowest 

position 

Hand injury 0 2 N/A 

9 Cleaning cloth 

is pulled into 

the machine 

while changing 

new cleaning 

cloth 

 

 

Machine 

damage 

0 2 N/A 
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Table 4.3 Results of comparison in pre- and post-installing hot-roller cleaning tool 

(cont.) 

 

No. 

 

 

Incident 

 

 

Results of 

Hazard 

 

Risk Comparison 

 

Control 

measure  

 Pre-

Installing 

Post-Installing 

10 Lifting  the 

cleaning tool 

up and down 

from installing 

point 

 

 

Hand may 

get caught 

under tool 

0 2 N/A 

11 Working by 

knees 

Knees  pain 3 0 N/A 
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The major risks of hand caught, exposure to methanol and heat were 

eliminated as shown in Figure 4.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1: The Major risks on accident in pre- and post-installing hot roller cleaning 

tool. 

 

2.2 REBA assessment in pre- and post-installing hot roller cleaning 

tool. 

 From the REBA scoring assessment in pre- and post-installing the hot 

roller cleaning tool, it found that the average and standard deviation from the study of 

posture 1: kneeling (pre-installing), posture 2: squatting (pre-installing) and posture 3 

(post-installing) from 8 participants and 12-time repeated assessment a 

participant/posture as shown in Table 4.4. 

Hand may caught 
in between hot 
roller and 
machine guard 
=Risk level  3. 

Methanol splash 
into eye while 
squeeze 
cleaning cloth 
or cleaning the 
hot roller  
= Risk level  2. 

Hand may get 
burn by touching 
hot roller 
= Risk level  2. 

Knees pain
= Risk level  3. 

Hand may caught 
in between hot 
roller and 
machine guard 
=Risk level  0. 

Methanol splash 
into eye while 
squeeze 
cleaning cloth 
or cleaning the 
hot roller  
= Risk level  0. 

Hand may get 
burn by touching 
hot roller 
= Risk level  0. 

Knees pain
= Risk level  0. 

Pre- installing hot roller cleaning 
tool. 

Post- installing hot roller cleaning 
tool. 
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Table 4.4 The average and standard deviation of each operator.  

Code Posture1 

Kneeling 

(12 times) 

x̄ 

Posture1 

Kneeling 

(12 times) 

SD 

Posture2 

Squat 

(12 times) 

x̄  

Posture2 

Squat 

(12 times) 

SD 

 

Posture3 

Post-

installing 

(12 times) 

x̄ 

Posture3 

Post-

installing 

 (12 

times) 

SD 

001 13.00 0.00 12.92 0.29 6.67 0.78 

002 12.42 0.51 12.83 0.39 7.00 0.00 

003 13.00 0.00 12.92 0.29 6.83 0.58 

004 13.00 0.00 13.00 0.00 6.83 0.58 

005 13.00 0.00 12.92 0.29 6.83 0.58 

006 12.67 0.49 12.83 0.39 7.00 0.00 

007 12.83 0.39 12.75 0.45 7.00 0.00 

008 12.83 0.39 12.75 0.45 6.83 0.58 

 

 REBA score at lowest and highest from posture 1(kneeling) and posture 2 

(squatting) was 12 and 13, which these scores were very high risk level respectively. 

Post- installing the hot-roller cleaning tool (posture 3) the REBA score at lowest and 

highest were 5 and 7. These scores were medium risk as shown in Table 4.5. 
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Table 4.5 Results of REBA score in pre-(posture 1 and 2) and post-installing (posture 

3) hot-roller cleaning tool. 

Posture Mean SD Maximum Minimum 

Posture 1 kneeling 12.84 0.37 13.00 12.00 

Posture 2 squating 12.86 0.34 13.00 12.00 

Posture 3 post-installing 6.88 0.49 7.00 5.00 

 

 REBA scoring from posture 1 and 2 had no significant different. However, 

REBA from posture 3 had different from posture 1 and 2 statistical significantly 

different (p-value < 0.05) as shown in Table 4.6. 
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Table 4.6 Comparing REBA scores between posture 1, 2 and 3 

Main posture Comparing posture 

Mean Difference 
Std. 

Error 
p-value 

(Main posture – 

comparing posture) 

Posture 1 

kneeling 

Posture 2 squat -0.021 0.057 1.00 

Posture 3 post- 

installing 
5.969* 0.057 0.00 

Posture 2 squat 

Posture 1 kneeling 0.021 0.057 1.00 

Posture 3 post- 

installing 
5.990* 0.057 0.00 

Posture 3 post-

installing 

Posture 1 kneeling -5.969* 0.057 0.00 

Posture 2 squat -5.990* 0.057 0.00 

 

 

2.3 Comparing Abnormal Index in pre- and post-installing hot roller 

cleaning tool. 

Based on Abnormal Index in pre- and post-installing hot-roller cleaning tool at 

lowest, highest and mean were 3.30, 3.50 and 3.30, respectively. More problems came 

with unbearable and abnormal index in post-installing were 1.00, 2.00 and 1.55; 

lowest, highest and mean, respectively. These scores were just acceptable as shown in 

Table 4.7. 
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Table 4.7 Abnormal Index in pre- and post-installing hot roller cleaning tool. 

Abnormal Index 
Mean SD Maximum Minimum 

 
1. Pre-installing hot 

roller cleaning tool 

 

 

3.30 0.16 3.50 3.00 

2. Post-installing 

hot roller cleaning 

tool 

1.55 0.36 2.00 1.00 

 

 

 In addition, the Abnormal Index in post-installing the hot roller cleaning 

tool was reduced statistical significantly (p – value < 0.05) as shown in Table 4.8. 

 

Table 4.8 Comparing Abnormal Index in pre-installing and post-installing hot roller 

cleaning tool. 

Variable 
Difference of the variable 

Mean SD t df p - value 

AI pre- installing -

AI post- installing 
1.75 0.40 12.31 7.00 0.00 

 

2.4 Comparing of methanol volume use in cleaning in pre- and post-

installing hot roller cleaning tool. 

The average methanol volume to clean hot roller in pre- and post-installing the 

hot roller cleaning tool were 499.78 ml. and 600, respectively as shown in Table 4.9. 
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Table 4.9 Methanol usage to clean in pre- and post-installing. 

 

Methanol volume to clean hot roller 

(ml) 
Maximum Minimum Mean SD 

Pre-installing hot roller cleaning tool 2,877.50 120.00 499.78 328.43 

Post-installing hot roller cleaning tool 600.00 600.00 600.00 0.00 

 

 The increasing of methanol volume in post-installing hot roller cleaning 

tool was significantly different (p – value < 0.05) as shown in Table 4.10. 

 

Table 4.10 Comparing of methanol volume to clean in pre- and post-installing hot 

roller cleaning tool. 

 

Variable (milliliter) 

Diff of variables 

Mean SD t df 
 p - 

value 

Methanol volume to clean in pre- and post-

installing hot roller cleaning tool 
117.07 354.79 3.23 95 0.002 

 

2.5 Comparing of time to clean in pre- and post-installing hot roller 

cleaning tool. 

Time to clean in pre-installing hot roller cleaning tool was average at 29.26 

second and post-installing was at 46.57 second as shown in Table 4.11. 
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Table 4.11 Time to clean in pre- and post-installing hot roller cleaning tool. 

Hot roll cleaning time (second) Maximum Minimum Mean SD 

Pre- installing the hot roll cleaning tool 55 20 29.26 5.94 

Post-installing the hot roll cleaning tool 92 14.4 46.57 20.55 

 

After post-installing hot roller cleaning tool, it found that time to clean hot 

roller was increased statistical significantly (p – value < 0.05). Due to using the hot 

roller cleaning tool, workers would not know either the roller clean or not, while 

pushing the cleaning tool. This procedure was different from cleaning manually, the 

employees could know how much the roller cleans. Therefore, they would work the 

cleaning tool slowly to ensure cleanness. Through using the cleaning tool, it needs to 

unlock sliding handle for working. Cleaning hot roller with the cleaning tool has more 

working processes than cleaning by hand as shown in Table 4.12. 

 

Table 4.12 Comparing of time to clean in pre- and post-cleaning hot roller cleaning. 

tool 

Variables(second) 
Diff of variables 

Mean SD t df p - value 

Cleaning time after installing the 

hot roll cleaning machine – 

Cleaning time for before 

installing the hot roll cleaning 

machine 

19.39 21.7 8.75 95 0.00 

  

2.6 Comparing of cleanness of hot roller in pre- and post-installing hot 

roller cleaning tool. 

To compare cleanness of hot roller, it would take number of times in 

wrapping up film as comparison variables. Data showed that wrapping up film since 

2013 until the end of May 2014 in total 17 months (pre- installing the cleaning tools) 

due to dirty at 0.08 times/100 cleanings. And data since June 2014 – October 2014 in 
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total 5 months (post-installing hot roller cleaning tool), average of wrap up film due to 

dirty at 0.08 times/100 cleanings, which had no statistical significantly different. 

 

Table 4.13 Number of times that film was wrapped up roller/100 cleanings. 

 

Variables 

Number of 

Cleaning 

Times 

 

Number of 

Times of 

Wrapped  

Film 

 

Time average of 

Wrapped Film/100 

Cleanings 

 

1.Pre- installing the hot roll 

cleaning tool (Jan 2013 –May 

2014, 17 month ) 

 

3,648.00 3.00 0.08 

2.Post-installing the hot roll 

cleaning tool (Jun 2014 – 

October 2014, 5 month) 

1,224.00 1.00 0.08 

 

2.7 Comparing number of cleaning cloth used to clean in pre- and 

post-installing hot roller cleaning tool. 

Moreover, when comparing number of cleaning cloth that were used to 

clean in pre- and post-installing hot roller cleaning tool. Pre-installing, operators 

would use cleaning cloth to dip in methanol and squeeze it out  to clean the hot roller; 

a cleaning cloth could clean many times until it was too dirty, hard and not able to 

clean anymore, it would be replaced. Average, a cleaning cloth could clean hot roller 

at 6 rounds, 5,833 cm2/round. For post-installing, to replace cleaning cloth per a 

cleaning round, if calculated, it was used 900 cm2/round. It found that cleaning cloth 

using to clean in pre-installing hot roller cleaning tool was 6 times of the cleaning 

cloth using in post-installing hot roller cleaning tool. 
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Part 3: Other benefits from this study. 

3.1 Knees load and a wrist but another wrist to clean hot roller that 

was excluded, in post-installing hot roller cleaning tool. 

It indicated that reference position of load in posture 1; kneeling and 2; 

squat sit of static posture as shown in Figure 4.2 and 4.3, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2: Reference position of posture 1 (kneeling) and posture 2 (squatting), non-

movement. 
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Figure 4.3: Reference position of posture 1 (kneeling) and posture 2 squatting, while 

moving. 

It found that knees load and a left wrist load for dynamic posture, the average 

of work load of left knee in posture 1 (left knee), posture 1(right knee) and an arm to 

support body in posture 2 were 37.3, 36.67 and 34.57 kg, respectively. When 

comparing of static in the same posture, it found that dynamic posture had more load 

than static posture as shown in Table 4.14. 
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Table 4.14 Load of knees and left wrist of pre-installing hot roller cleaning tool. 

Variable 
N  Minimum Maximum Mean SD 

(Male) (kg) (kg) (kg) (kg) 

1. Weight 8 47.7 70.0 63.7 7.8 

2. Load for posture 1 non-

movement (kneeling) 

     

-An arm to support body 

(position 1)  

8 12.6 19.8 16.1 2.3 

-Left knee (position 2) 8 10.4 30.1 20.9 6.2 

-Right knee (position 3) 8 13.12 22.2 17.8 3.0 

3. Load for posture 2 non-

movement (squat) 

     

-An arm to support body 

(position 5)  

8 14.1 18.7 15.9 1.6 

-Hip (position 6) 8 18.6 41.4 33.4 7.5 

-Foot (position 7) 8 7.9 13.5 9.9 1.9 

4. Load for posture1 

movement (kneeling) 

     

-An arm to support body 

(position 9)  

8 14.9 20.9 18.8 2.4 

-Left knee (position 10) 8 22.6 44.4 37.3 8.2 

-Right knee (position 11) 8 26.6 40.0 36.7 4.3 
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Table 4.14 Table 4.14 Load of knees and left wrist of pre-installing hot roller cleaning 

tool (cont.) 

Variable 
N  Minimum Maximum Mean SD 

(Male) (kg) (kg) (kg) (kg) 

5. Load for posture 2 

movement (squat) 

     

-An arm to support body 

(position 13)  

8 27.7 39.8 34.6 4.3 

-Hip (position 14) 8 0 0 0 0 

-Foot (position 15) 8 9.2 23.4 12.6 4.5 

 

From the study of relationships between weight and knees load and wrists 

were found that non-movement of posture 1 (kneeling), body weight was related to 

load of left arm to support body as statistical significantly different (p – value = 

0.004). As same as posture 2 (squatting), body weight was related to load of hip side 

to support body as statistical significantly different (p-value < 0.05) as shown in Table 

4.15 

When considering load in movement of posture 1 (kneeling), body weight 

was related to load of left arm to support body, also related to left and right knees as 

statistical significantly different (p-value < 0.05). As same as posture 2 (squatting), 

body weight was related to load of both arms to support body as statistical 

significantly different as shown in Table 4.15. 
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Table 4.15 Relationships between body weight, knees and left wrist for cleaning hot 

roller in pre-installing hot roller cleaning tool.  

Variable 
Result 

N Correlation Sig. 

1.Non movement for posture1 

-An arm to support body (Position 4) 8 0.875 0.004 

-Left knee (Position 5) 8 0.757 0.030 

-Right knee (Position 6) 8 0.087 0.838 

2.Non-Movement of posture2    

-An arm to support body (Position 8) 8 0.667 0.071 

-Hip (Position 9) 8 0.978 0.000 

-Foot (Position 10) 8 0.629 0.095 

3.Movement of posture 1    

-An arm to support body (Position 12) 8 0.794 0.019 

-Left knee (Position 13) 8 0.959 0.000 

-Right knee (Position 14) 8 0.947 0.000 

4.Movement for posture2    

-An arm to support body (Position 16) 8 0.884 0.004 

-Foot (Position 18) 8 0.493 0.214 
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3.2 Results of hands push force to clean hot roller in pre- and post-

installing hot roller cleaning tool. 

The average of push force of a wrist to clean hot roller in pre-installing hot 

roller cleaning tool of posture 1 and 2 were 131.37 N and 135.93 N, respectively. The 

average push force of the wrist to clean hot roller in movement (posture 3) was 66.89 

N as shown in Table 4.16. 

 

Table 4.16 The average of pushing force to clean hot roller in pre- and post-installing 

hot roller cleaning tool in posture 1, 2 and 3. 

Posture 

Mean 

(Newton)

Std. 

Error 

1. Pre- installing the 

hot roll cleaning tool 

-kneeling (posture1) 131.4 3.027 

-squatting (posture2) 135.9 3.027 

2. Post-installing the 

hot roll cleaning tool 

(posture3) 

66.9 3.027 

 

 Wrist push force to clean hot roller in pre- and post-installing hot roller 

cleaning tool in posture 1 and 2 had no difference. Push force in posture 3 was the 

lowest. Comparing these 3 postures found that wrist push forces in posture 1 and 2 had 

a statistical significantly different (p-value < 0.05) from push forces to sliding handle 

of hot roller cleaning tool in posture 3 as shown in Table 4.17. 
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Table 4.17 Comparing of a wrist to clean hot roller in each posture. 

Main posture 
Compared 

posture 

Mean Difference  

(Main posture – 

Compared posture) 

Std. 

Error 
Sig.b 

posture1 

(kneeling) 

Posture 2 (squat) -4.557 4.281 0.864 

Posture 3 (post- 

installing the hot 

roll cleaning tool) 

64.478* 4.281 0.000 

posture2 (squat) posture1 

(kneeling) 

4.557 4.281 0.864 

Posture 3 

(post- 

installing the 

hot roll 

cleaning tool) 

69.035* 4.281 0.000 

posture3 (post- 

installing the hot 

roll cleaning tool) 

posture1 

(kneeling) 

-64.478* 4.281 0.000 

Posture 2 

(squat) 

-69.035* 4.281 0.000 
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3.3 Satisfaction of post-installing hot roller cleaning tool. 

 The survey of workers’ satisfaction who have used hot roller cleaning tool. 

The assessment was done in 10 subjects (each subjects: 1 = least, 2 = less, 3 = 

moderate, 4 = much, 5 = most). The most satisfaction score to prevent pulling, caught 

in machine from roller was at the average of 4.87. Second was proper of sliding handle 

height at the average of 4.75, the sliding handle had 5-level adjustment. Third, it could 

prevent to touch hot roller at the average of 4.62, due to those workers did not need to 

touch the rotating hot roller directly as shown in Table 4.18. 

 

Table 4.18 Satisfaction of post-installing hot roller cleaning tool. 

 Assessment items Minimum Maximum Mean SD 

1.Able to prevent pulling or nipping 

from roller 

 

4 5 4.9 0.35 

2. Able to prevent touching  hot roller 

 

4 5 4.6 0.52 

3.Levels in knees pain and wrists pain 

from pushing the cleaning tool 

 

4 5 4.5 0.53 

4.Appropriateness of tool weight to push 

 

2 5 3.4 0.92 

5.Ease to replace cleaning cloth 

 

2 4 3.1 0.64 

6. Appropriateness of tool for filling up 

methanol 

 

3 4 3.4 0.52 

7. Cleanness of roller after using the 

cleaning tool 

 

2 4 3.3 0.71 

8. Able to slide the cleaning tool while 

pushing 

4 5 4.5 0.53 
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Table 4.18 Satisfaction of post-installing hot roller cleaning tool (cont.) 

 Assessment items Minimum Maximum Mean SD 

9. Appropriateness of sliding handle 

height 

 

4 5 4.6 0.46 

10. Able to prevent skin expose to 

methanol 

3 5 4.3 0.71 

 

3.4 Comparing of worker knowledge about using hot roller cleaning 

tool in pre- and post-training knowledge. 

 Before, workers could use hot roller cleaning tool, they were necessary to 

get train. It found that workers had knowledge score on using the cleaning tool in pre- 

and post-training: 4.75 and 7.75, respectively. It found that after training, workers had 

more knowledge to use the hot roller cleaning tool as statistical significantly different 

(p-value < 0.05) as shown in Table 4.19. 

 

Table 4.19 Comparing of worker knowledge about using hot roller cleaning tool in 

pre- and post-training knowledge. 

 
Mean SD t df P - value 

Compare 

knowledge 

between post- 

and pre –

training 

3 1.06904 7.937 7 0.00 
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CHAPTER V 

DISCUSSION 

 

 

The study was a quasi - experimental research to study the results of hot 

roller cleaning tool installation to reduce the risks on accidents and also muscles injury 

in group of workers who have worked for hygienic plastic sheet production machine in 

a manufacturer of Industrial Eastern Seaboard Estate Thailand. Subjects of this study 

were 8 workers who have worked in hygienic plastic plate production department. 

They were in-charge directly to clean hot roller for ironing plastics sheet among. The 

subjects were repeated measure in pre- and post-improvement as follows: 

 

1. Risks on injury from working with hot roller and methanol. 

Results of this research in post-installing hot roller cleaning tool, it found 

that injury risks from pulling or caught in between roller and machine guard and 

touching hot roller were eliminated. These supported an assumption 1; when install the 

hot roller cleaning tool workers did not need to touch the hot roller that run with high 

speed directly. They might get skins expose to methanol. All of these problems were 

eliminated, which supported the assumption 1. There was no different risk in case of 

using tool to fill methanol instead of holding dipped cleaning cloth by-hand, the risks 

of methanol vapor exposure were still same. In practice, every worker was controlled 

by wearing carbon masks to prevent methanol vapor. 

Criteria of risk assessments were determined by severity and probability. 

To determine the probability, 10-related probability were considered entirely. Those 

probability consisted of number of concerned persons, duration of job, number of 

accident times in 1 year, work instruction, training, process instruction, personal 

protective  equipment, engineering control, hazardous resources check and warning. 

The risk assessments were probably estimation in case of highest severity, therefore 

the number of annual accident in pre- and post-installing was 1 equally (Annually, 

there had no accident in that assessed probability). However, the assessor estimated 
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that if any probability might cause accident, the action must be taken, immediately for 

operators’ safety. 

Although, installing the hot-roller cleaning tool could reduce risks on 

injury, due to the above cleaning tool contained with embedded bolts, It therefore still 

had risks for installing or during or maintenance. Those bolts might  fell down in 

machine, and then it might damage rollers, so it was determined  as risk level 3 

(moderate level). The above risks prevented by providing standard: bolt management 

as follows: 

1) To mark signs at bolt head (make straight line between line of bolt’s 

top and framework to fix that bolt. If bolt is unwinding, it shows the line sign is not 

straight. 

2) To count entire number of bolts for hot roller cleaning tool. 

3) To check signs on top of bolts and to count number of bolts monthly. It 

found that bolt was unwinding, that bolt needed to be screwed or if lost, the machine 

must be stopped and find the bolt. 

4) To repair hot-roller cleaning tool, it only would perform in case of film-

produced machine shutdown to prevent bolts or tools fall down machine. 

In addition, rails of hot-roller cleaning tool still had tray to prevent falling 

of bolts from the cleaning tool. Other risks from installing the hot roller cleaning tool 

was risk level 2 (acceptable risks) for example, workers forget to setup lowest position 

of sliding handle of the machine and the sliding handle might bump his or her hand or 

even the machine’s hedge. Moving or lifting the cleaning tool to maintenance or to 

install might be bump his or her hand. 

 

2. Muscles injury from post-installing hot roller cleaning tool. 

From the experiment, it found that pre-installing hot roller cleaning tool 

workers had inappropriate posture to clean the roller; kneeling and clean continuously 

(posture 1) and squat sit and sliding his body to clean continuously (posture 2). The 

results were workers’ knees bearing average weight at 36.67 kg or 369.60 N. There 

was different from suggestion of CCOH (Canadian Centre for Occupational Health 

and Safety)19 reviewed that knee’s safety should be not loaded over 188 N. However, 

the data was showed that the knees load was more than the above suggestion at 1.97 
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times and knees would be injured. In accordance with the study of Keith T. Palmer2 in 

aspect of cohort, which entire 40 reports, it found that 17 reports, either crouch sit or 

squat while working could  deteriorated knees. 

 After installing the hot roller cleaning tool, it found that average force 

of  workers pushing the hot roller cleaning tool was 66.89 N, which in accordance 

with suggestion of CCOH (Canadian Centre for Occupational Health and Safety)19  

that push force in x axis should not over 225 N. The force was assumed that 

appropriate force to push the tool or objects in horizon, without injury of muscles. 

 When considering risks from REBA scores, it found that risks in pre-

installing the hot roller cleaning tool were high risks (score 12 and 13). The study 

found that after installing the hot roller cleaning tool were moderate risks (score 5 and 

7). It also found that those risks on muscles injury declined as statistical significantly 

different (p – value < 0.05), in accordance with the assumption 2. 

 When considering Abnormal Index, the study found that this index in 

post-installing the hot roller cleaning tool declined as statistical significantly different 

(p – value < 0.05). From the average score of 3.3 (unacceptable problem) declined to 

the average score of 1.55 (acceptable), in accordance with the assumption 2. 

 

3. Methanol volume to clean in post-installing hot roller cleaning tool. 

Methanol volume using in post-installing hot roller cleaning tool increased 

as statistical significantly different (p – value < 0.05), not in accordance with the 

assumption 3. 

 

4. Time consumption for cleaning hot roller in post-installing hot 

roller cleaning tool. 

It found that time to clean hot roller increased as statistical significantly 

different (p – value < 0.05) in post-installing hot roller cleaning tool. Because there 

were more work step instructions. Additionally, the workers could not check cleanness 

while running the cleaning tool. Therefore, they needed to push the cleaning tool 

slowly to ensure its cleanness, not in accordance with the assumption 4. 
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5. Cleanness of hot roller in post-installing hot roller cleaning tool. 

It found that cleanness of hot roller in pre- and post-installing the hot roller 

cleaning tool had an average of wrap up for  0.08 times/100-time of hot roller cleaning 

in equal. It showed no different as statistical significantly, not in accordance with the 

assumption 4. 

 

6. Cleaning cloth quantity to clean hot roller in post-installing hot 

roller cleaning tool. 

 In post-installing hot roller cleaning tool, cleaning cloth for cleaning 

hot roller declined to 6 times, when comparing with number of cleaning cloth for 

cleaning in pre-installing the hot roller cleaning tool, in accordance with the 

assumption 4. 

 

 

Other benefit from this Study. 

 

1. Satisfaction on using hot roller cleaning tool. 

After using hot roller cleaning tool, it found that roller pulling accident 

prevention was the highest satisfaction of 4.87. Second, it was appropriateness of 

handle’s height at the average score of 4.75, due to 5-level height adjustable. Third, 

the cleaning tool could prevent exposing to hot roller at the average score of 4.62. 

However, it found that replacement of cleaning cloth in each time was little problem at 

lowest satisfaction at the average of 3.12 that should be continual improvement. 

 

2. Employees’ knowledge on using hot roller cleaning tool. 

Before any worker uses hot roller cleaning tool, they need to be trained in 

using the cleaning tool. In post-training, they have more knowledge to use the cleaning 

tool as statistical significantly different (p – value < 0.05) 
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Summary 

Using hot roller cleaning tool, instead of humans to touch hot roller 

directly, it found that risks either pulling or caught in machine between roller and 

machine guard, skin exposure to thermal and methanol was eliminated. Even though, 

other risks were still moderate (property lost). And there was work instruction to 

control the moderate risk and some could be acceptable risk. Through risks on REBA 

injury and Abnormal Index declined as statistical significantly different. The 

cleanliness of the hot roller in case of using the hot roller cleaning tool, it found that 

has no difference but number of cleaning cloth declined to 6 times. It however found 

that volume of methanol and more time consumption to clean with the tool. Workers 

scored satisfaction for using the hot roller cleaning tool at 5 in each topic, due to 

prevention, either pulling or nipping, ergonomic handle and avoidable touching hot 

roller as 4.87, 4.75 and 4.62, respectively. Before using the hot roller cleaning tool, 

they were trained, in pre- and post-training scores at 4.75 and 7.75, respectively. 
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CHAPTER VI 

CONCLUSION AND RECOMMENDATION 

 

 

 Hot-roller cleaning is an essential job for hygienic plastic plate production, 

to prevent dirty of the roller or sticky caused by monomer vapor of pellet plastic. The 

causes will be wrap-up in film and stop the production line for cleaning and restart 

again. Thus, it is necessary to prevent the wrap-up problem, by cleaning hot roller 

every time after finishing one production process (every 3 hours). That is why 

employees expose to the risks of hot roller; pulling, caught in between hot roller and 

machine guard, methanol exposure and hot roller burn. Including inappropriate 

postures to clean that hot roller may cause muscles injury. 

 Therefore, the study was to assess risks on injury, muscles (REBA), 

Abnormal Index, Included cleanness of hot roller (number of wrap up), methanol 

volume, time and number of cleaning cloth to clean hot roller. In post-installing the 

hot roller cleaning tool, the researcher collected data by of 8 persons in a manufacturer 

of hygienic plastic plate in Industrial Eastern Seaboard Estate Thailand.  

 Instruments of this study consisted of general questionnaire, injury risk 

assessment, REBA assessment, Abnormal Index, digital weight scale, digital force 

gauge and the hot roller cleaning tool, from May – October 2014, in total 6 months. 

 Descriptive statistics analysis was used to determine Mean, Standard 

Deviation, including Differential Data Analysis within the experiment group by 

statistics of Univariate Analysis of Variance, paired T-test and Correlation. 

 

 

Results of this Study. 

 

1. Risks on injury in post-installing hot roller cleaning tool. 

In pre-installing hot roller cleaning tool, there were totally 13 risks. For 

post-installing the cleaning tool found that 9 risks in total, the hot roller cleaning tool 
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could eliminate entire of 5 risks: hand may caught in between hot roller and machine  

guard, knee pain, sliding hand may touch with hot roller, methanol exposure on  skin 

and eyes at 3, 3,2, 2 and 2, respectively. There was one same risk remaining at risk 

level 1: exposing to methanol vapor. 

 

2. Risks on muscle injury in post-installing hot roller cleaning tool. 

REBA scores in pre-installing hot roller cleaning tool of posture 1 

(kneeling) and 2 (squat sit) were 12 and 13, very high risk level respectively. After-

installing the hot roller cleaning tool (posture 3), it found that REBA score at lowest 

and highest were 5 and 7, in medium risk, respectively. The researcher also found 

installing the hot roller cleaning tool could reduce muscle risks as statistical 

significantly different (p – value <0.05). 

 Abnormal index in post-installing the hot roller cleaning tool declined 

as statistical significantly different (p – value < 0.05). From the average score at 3.30, 

was unacceptable risk problems became 1.55 (acceptable risk).  

 

3. Methanol volume in post-installing hot roller cleaning tool 

Volume of methanol in pre- and post-installing hot roller cleaning tool was 

average at 499 and 600 ml/time, respectively. It found that volume of methanol was 

higher as statistical significantly different. 

 

4. Time to clean hot roller in post-installing hot roller cleaning tool 

Average time to clean hot roller in pre- and post-installing hot roller 

cleaning tool was at average of 29.26 sec and 46.57 sec, respectively. Time to clean 

the hot roller by the cleaning tool were longer than by hand as statistical significantly 

different (p – value < 0.05). 

 

5. Cleanness of hot roller in post-installing hot roller cleaning tool. 

Using number of wrap-up film on roller was compared cleaning of hot 

roller in pre- and post-installing the hot roller cleaning tool. The researcher found that 

cleanness of the hot roller in pre- and post-installing at average from wrap-up film 
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(dirty cause) at 0.08 time/100-time of hot roller cleaning equally, no difference as 

statistical significantly. 

  

6. Cleaning cloth quantity to clean of hot roller cleaning tool in post-

installing hot roller cleaning tool. 

The data found that in post-installing hot roller cleaning tool, cleaning 

cloth was used to clean hot roller down to 6 times, when comparing with number  of 

cleaning cloth to clean in pre-installing the hot roller cleaning tool. 

 

Other benefit from this Study 

1. Employees’ satisfaction on hot roller cleaning tool 

Employees had most satisfactory on hot roller cleaning tool; to prevent 

pulling, hand may caught in between roller and machine guard at the average score of 

4.87, due not to expose with that rotating roller directly. Second, it was 

appropriateness of handle height at the average score of 4.75, due to 5-level height 

adjustment. Third, the cleaning tool could prevent exposing the hot roller at the 

average score of 4.62. 

 

2. Employees’ satisfaction on using hot roller cleaning tool 

Before any worker uses hot roller cleaning tool, they need to be trained to 

use the cleaning tool. In post-training, they had more knowledge to use the cleaning 

tool as statistical significantly different (p – value < 0.05). 

 

 

Limitation of this Study 

  For this study, pressure force determination process in case of cleaning 

hot roller in posture 1 (kneeling) and 2 (squatting) were postures in pre-installing hot 

roller cleaning tool. It could not determine the hand pressing force on hot roller 

directly, due to running roller. Because it is risk on workers and the pressure scale 

might be damaged or fell down in hygienic plastic plate machine. The machine could 

be serious damaged. Therefore, the author set up a simulation station as same as a hot-

roller cleaning point and determined push force from the workers to press cleaning 
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cloth on the hot roller. The determination might be not exactly as pressing force to 

clean hot roller directly. 

 

 

Further Suggestion 

1. Even though hot roller cleaning tool would reduce risks on muscles’ 

injury from very high risk to medium risk, reducing Abnormal Index from 

unacceptable level to acceptable. However, it should have continual development to 

reduce processes of humans work. For example, creating the hot roller cleaning tool as 

mechanically, reduce time of work, also reducing time to replace new calico, etc. 

2. Provide an auto fill-up methanol machine to avoid touching with 

methanol vapor, this is a remaining risk and can control methanol volume efficiency. 
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APPENDIX A 

QUESTIONAIRS 

 

 

1.แบบสอบถามข้อมูลทัว่ไปส่วนบุคคลก่อนทาํการติดตั้งเคร่ืองทาํความสะอาดลูกกลิง้ร้อน 

คาํช้ีแจง กรุณาตอบคาํถามเก่ียวกบัตวัท่านโดยเติมคาํลงในช่องวา่ หรือทาํเคร่ืองหมาย ✔ ลงใน        
หนา้ขอ้ความท่ีตรงกบัความเป็นจริงของท่านมากท่ีสุด 
ส่วนที ่1 ข้อมูลทัว่ไปส่วนบุคคล 
1.เพศ            ชาย        หญิง 
2.อาย.ุ..............ปี 
3. อายงุาน ................ ปี (ท่ีบริษทัท่ีทาํ ณ ปัจจุบนั) 
4. เคยทาํงานท่ีบริษทัอ่ืนๆ ................... ปี  
5. ระยะเวลาท่ีทาํงาน ทาํความสะอาดลูกกล้ิง ............... ปี ............... เดือน 
6.ส่วนสูง.............ซม.      นํ้าหนกั................กก. 
7. ท่านมีประสบการณ์การทาํงานดา้นความสะอาดลกูกล้ิงหรือไม ก่อนมาทาํงานท่ีบริษทัน้ีหรือไม่  
ไม่มี         มี โปรดระบุ (สถานท่ี).................................................. ระยะเวลา ............ ปี ........ เดือน 
8. ก่อนท่ีจะมาทาํหนา้ท่ีทาํงานทาํความสะอาด ท่านเคยไดรั้บการอบรมมาก่อนหรือไม่ 
ไม่ไดรั้บการอบรม        ไดรั้บการอบรม 
ส่วนที ่2 ข้อมูลเกีย่วกบัสุขภาพ (ย้อนหลงั 6 เดอืน) 
9.ปัจจุบนัท่านสูบบุหร่ีหรือไม่ 

ไม่สูบ  สูบ 
      10.ก่อนการทาํงานท่านด่ืมเคร่ืองด่ืมท่ีทาํใหส้ดช่ืนไม่อ่อนเพลียหรือไม่ 

ไม่ด่ืม  ด่ืม(โปรดระบุ ชนิดของเคร่ืองด่ืม) ........................................... 
(โปรดระบุ ความถ่ีของการด่ืม ด่ืม เช่น ทุกวนั, วนัเวน้วนั, หรือก่ีวนัต่อสัปดาห์  
                                 เป็นตน้ ) ............................................................................. 
หลงัเลิกงานท่านด่ืมเคร่ืองด่ืมท่ีมีแอลกอฮอลห์รือไม่ 
ไม่ด่ืม                   ด่ืม  (โปรดระบุ ความถ่ีของการด่ืม เช่น ทุกวนั, วนัเวน้วนั, หรือก่ีวนัต่อสัปดาห์  
                                 เป็นตน้ ) ............................................................................. 

11.ท่านออกกาํลงักายหรือเล่นกีฬาบ่อยแค่ไหนใน 1 สัปดาห์ 
 ไม่ไดอ้อกกาํลงักาย  ออกกาํลงักายนอ้ยกวา่ 3 คร้ัง  
 ออกกาํลงักาย 3-5 คร้ัง ออกกาํลงักายมากกวา่ 5 คร้ัง 
12.ท่านมีโรคประจาํตวัหรือไม่ (ตอบไดม้ากกวา่ 1 ขอ้) 
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 ไม่มี   มี   โรคอะไร............................. เป็นมานาน.....................ปี   
 โรคเบาหวานโรคไต  โรคเก๊าต ์
 อ่ืนๆ (โปรดระบุ) ............................................................................... 

13.ท่านเคยไดรั้บการผา่ตดัหรือเคยประสบอุบติัเหตุหรือไม่ 
 ไม่เคย   
  เคย (โปรดระบุ) ............................................................................... 

 

ส่วนที ่3 ข้อมูลการทาํความสะอาดลูกกลิง้ร้อน 

 

ขอใหท้าํสัญลกัษณ์ดงัต่อไปน้ีในกล่องส่ีเหล่ียม (ทาํไดม้ากกวา่ 1 สัญลกัษณ์ใน 1 กล่อง) บนรูปจาํลองร่างกาย

มนุษย ์

สัญลกัษณ์          1 = จุดท่ีมีอาการ/ เคยมีอาการ บาดเจบ็ของกลา้มเน้ือหรือปวดเม่ือยของกลา้มเน้ือ 

สัญลกัษณ์          2 = จุดท่ีสัมผสั/ เคยสัมผสัลกูกล้ิงร้อน 

สัญลกัษณ์          3 = จุดท่ีสัมผสั/ เคยสัมผสักบัเมทานอล 

หมายเหตุ ถา้มีจุดอ่ืนเพ่ิมเติมขอใหท้าํสัญลกัษณ์วงกลมลอ้มรอบ และเขียนหมายเลขภายในกล่องส่ีเหล่ียม 
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ใหท้าํเคร่ืองหมาย X ลงในช่องท่ีท่านคิดวา่ท่านไดรั้บหรือมีอาการ 
ขอ้ เร่ือง ความถ่ี หมายเหตุ 

ทุก
คร้ัง 

ก่ีคร้ัง/รอบการเขา้
กะ (3 วนั) โปรด

ระบุ 

ไม่เคย  

1 ท่านเคยมีอาการเจบ็เข่าหลงัจากทาํความสะอาด
ลกูกล้ิงร้อน 

    

2 ท่านเคยมีอาการเจบ็ขอ้มือท่ีใชพ้ยงุร่างกายจากการ
ทาํความสะอาดลกูกล้ิงร้อน 

    

3 ท่านเคยมีอาการเจบ็ขอ้มือท่ีใชเ้ช็ดทาํความสะอาด
ลกูกล้ิงร้อน 

    

4 มือของท่านเคยพลาดไปสัมผสักบัลกูกล้ิงร้อนขณะ
ทาํความสะอาด 

    

5 ท่านเคยมีอาการปวดหลงัจากการทาํความสะอาด
ลกูกล้ิงร้อน 

    

6 เมทานอลเคยกระเดน็เขา้ตาขณะทาํความสะอาด
ลกูกล้ิงร้อน 

    

7 เมทานอลเคยกระเดน็ถูกหนา้ขณะทาํความสะอาด
ลกูกล้ิงร้อน 

    

8 เมทานอลเคยสัมผสัมือโดยตรงขณะทาํความ
สะอาดลกูกล้ิง 

    

9 ขณะวางมือบนลูกกล้ิงร้อนเพ่ือทาํความสะอาด มือ
เคยล่ืนไถล หรือสะบดัข้ึนขา้งบนตามทิศทางการ
หมุนของลกูกล้ิงร้อน 

    

10 มีอาการเพลีย เม่ือยลา้หลงัทาํความสะอาดลกูกล้ิง     
11 หายใจไม่สะดวก อึดอดัหลงัทาํความสะอาด

ลกูกล้ิง 
    

12 คร่ันเน้ือคร่ันตวัหลงัทาํความสะอาดลกูกล้ิง     
13 นอนไม่ค่อยหลบั     
14 ปัญหาอ่ืน ๆระบุ............................................. 

 
    

ขอขอบคุณอย่างสูงในการตอบแบบสอบถาม 
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2.แบบทดสอบก่อน/ หลงัการฝึกอบรมการใช้เคร่ืองทาํความสะอาดลูกกลิง้ร้อน 

 
ว/ด/ป ท่ีทาํการทดสอบ .............................................................  เวลา ........................................................... 
ใหท้าํสัญลกัษณ์ ✔ (ถกู) หรือ ☓ (ผดิ) ตามขอ้เทจ็จริง หนา้ประโยคดงัต่อไปน้ี 
1.____ ท่านสามารถเปล่ียนผา้มว้นใหม่ไดเ้ฉพาะตาํแหน่ง O/S (operator side) เท่านั้น 
2.____ ท่านสามารถเปล่ียนหนา้ผา้ไดทุ้กตาํแหน่ง และตลอดเวลา เม่ือพบวา่หนา้ผา้สกปรก 
3.____ ท่านสามารถปรับตาํแหน่งความสูงของดา้มจบัไดท้ั้งหมด 5 ระดบั ตามความเหมาะสม 
4.____ ท่านตอ้งดึงสลกัดา้นขา้งตลอดเวลา จึงจะสามารถปรับระดบัของดา้มจบัได ้
5.____ ก่อนท่ีท่านจะวางดา้มจบัลงท่ีพ้ืน ท่านจะตอ้งปรับระดบัของดา้มจบัใหอ้ยูต่าํแหน่งตํ่าสุดก่อน จึงจะ

สามารถวางลงได ้
6.____ ผูท่ี้จะใชเ้คร่ืองทาํความสะอาดลูกกล้ิงร้อนจะตอ้งเป็นผูท่ี้ผา่นการอบรมเท่านั้น 
7.____ เม่ือท่านจะทาํการเปล่ียนผา้มว้นใหม่ ใหท่้านถอดมว้นผา้ออกมาทั้งมว้น และนาํมว้นผา้สาํรองมว้นใหม่

ซ่ึงไดเ้ตรียมไวแ้ลว้ใส่เขา้ไปแทนท่ี 
8.____ กอ้นผา้ท่ีเป็นตวัดูดซบัเมทานอล ใหท้าํการเปล่ียนทุกคร้ังท่ีทาํความสะอาดลกูกล้ิง 
9.____ เม่ือจะทาํการเปล่ียนหนา้ผา้ ใหท่้านหมุนวงลอ้ดา้นบนไปในทิศทางหมุนเขา้หาตวัเอง 
10.____ ตาํแหน่งท่ีสามารถเปล่ียนหนา้ผา้ไดคื้อ ตาํแหน่งท่ี 1 เท่านั้น 
 
 
 
 
 
 
 
 

คะแนนท่ีได้ 

คะแนนเตม็ 
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3.แบบสัมภาษณ์พนักงานดชันีความผดิปกต ิ

1. ความล้าโดยทัว่ไป (general fatigue) เม่ือทํางานครบรอบการทาํงาน (full work cycle) 
 

                     
ไม่มีปัญหา                                                                 ลา้มากท่ีสุด        
No problem                                                                most fatigue 
 ต่อไปพยายามแบ่งการทาํงานของพนกังานออกเป็นกิจกรรมยอ่ย หลายกิจกรรม ให้
ครบรอบงานหน่ึง (full work cycle) แลว้ระบุระดบัความลา้ของแต่ละกิจกรรมลงในตาราง
ของแต่ละกิจกรรม 

ไม่มีปัญหา                                                                                                                         ลา้มากท่ีสุด              
No problem                                                                                                                      most fatigue 

2. ความเส่ียงต่อการเจ็บปวด การบาดเจ็บ (risk perception to pain and Injury) 
 
 

 
 ไม่เส่ียง                                                                 เส่ียงมากท่ีสุด        
No risk                                                                     high risk 
 ต่อไปพยายามแบ่งการทาํงานของพนกังานออกเป็นกิจกรรมยอ่ย หลายกิจกรรม ให้
ครบรอบงานหน่ึง (full work cycle) แลว้ระบุระดบัความเส่ียงของแต่ละกิจกรรมลงใน
ตารางของแต่ละกิจกรรม 

กิจกรรมท่ี 1           
กิจกรรมท่ี 2           
กิจกรรมท่ี 3           

ระดบั 0 1 2 3 4 5 6 7 8 9 

ไม่เส่ียง                                                                                                                           เส่ียงมากท่ีสุด        
no risk                                                                                                                                    high risk 

          
0 1 2 3 4 5 6 7 8 9 

กิจกรรมท่ี 1           
กิจกรรมท่ี 2           
กิจกรรมท่ี 3           
กิจกรรมท่ี 4           
กิจกรรมท่ี 5           

ระดบั 0 1 2 3 4 5 6 7 8 9 
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3. ระดับความสนใจต่องานทีท่าํ (level of interest in the present job) 
 
 

 
ไม่น่าสนใจ                                                                 น่าสนใจมากท่ีสุด       
No interest                                                                                        very interesting 
 ต่อไปพยายามแบ่งการทาํงานของพนกังานออกเป็นกิจกรรมยอ่ย หลายกิจกรรม ให้
ครบรอบงานหน่ึง (full work cycle) แลว้ระบุระดบัความสนใจของแต่ละกิจกรรมลงใน
ตารางของแต่ละกิจกรรม 

กิจกรรมท่ี 1           
กิจกรรมท่ี 2           
กิจกรรมท่ี 3           
กิจกรรมท่ี 4           

ระดบั 0 1 2 3 4 5 6 7 8 9 

ไม่น่าสนใจ                                                                                                              น่าสนใจมากท่ีสุ 
no interest                                                                                                                 very interesting 
 

4. ความซับซ้อนของงานทีท่าํ (complexity of the present job) 
 

 
 
ไม่ซบัซอ้น                                                           ซบัซอ้นมากท่ีสุด 
no complex                                                             very complex 
 
5. ความยากง่ายของงานทีท่าํ (difficulty of the present job) 

 
 
 
               ง่ายมาก                                                                  ยากมากท่ีสุด 
             Very easy                                                                 very difficult 
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6. จังหวะของการทาํงาน (work rhythm) 
 
 

 
ไม่มีปัญหา                                                           มีปัญหามากท่ีสุด 
No problem                                                            many problems 
 
7. ความรับผดิชอบในการทาํงาน (work responsibility) 

 
 
 
ไม่ตอ้งรับผดิชอบ                                                 ตอ้งรับผดิชอบสูง 
no responsibility                                                 high responsibility 
 
8. อสิระในการทาํงาน (freedom of work) 

 
 
 
 
 
 
ตอ้งทาํตามคาํสัง่เท่านั้น                                             จะทาํงานอยา่งไรกไ็ด ้
  Follow order                                                             work freedom 
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การคาํนวณดชันีความไม่ปกติ (Calculation of Abnormal Index = AI) 
∑[1, 2, 4, 5, 6, 7] - ∑ [3, 8]  =  AI 
                                                             8 
 ถา้ (If)   AI <0           = ไม่มีปัญหาอะไร (no problem) 
                           0 < AI < 2      = มีปัญหาเลก็นอ้ยพอทนได ้(little problem) 
                           2 < AI < 3      = ตอ้งเอาใจใส่ ระมดัระวงั (attention and be alert) 
                           3 < AI < 4       = มีปัญหามากข้ึนจะรับไม่ได ้(problem increases, 
unbearable) 
                           4 < AI              = รับไม่ได ้แกไ้ขทนัที (unacceptable, must be corrected) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Punnatut Wongsasan  Appendices / 96 
 

 

APPENDIX B 

REBA EMPLOYEE ASSESSMENT WORKSHEET 
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APPENDIX C 

RISK ASSESSMENT FORM 

 

 

 

 

 

 

 

 

 

 

 

 



Punnatut Wongsasan  Appendices / 98 
 

 

APPENDIX D 

ข้อมูลความปลอดภยัของสารเคมี: เมทานอล 
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APPENDIX E 

CERTIFICATE OF APPROVAL ETHICAL COMMITTEE FOR 

HUMAN RESEARCH FACULTY OF PUBLIC HEALTH, 
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APPENDIX F 

BEAT POSTER AWARD FROM THE 46th APACPH 

CONFERENCE 
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