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ABSTRACT

CANILAO, ANGELIKA CHRISTINE L., CRUZATE, JERCY M., MASICAP,
HILLARY KIMM A. and TARUC, SOPHIA GRACE S., Development of an
Ergonomically Designed Engine Block Holder for Small Scale Machine Shop.
Undergraduate Thesis. Bachelor of Science in Industrial Engineering. Cavite State
University, Indang, Cavite. June 2019. Adviser: Dr. Willie C. Buclatin.

Manual material handling occurs in almost all working environments, though
workers in construction, agriculture, hotels and restaurants are most likely to be
exposed to heavy loads. Manual lifting of loads may cause cumulative disorders due to
gradual and cumulative deterioration of the musculoskeletal system through continuous
lifting and handling activities. It can also cause acute trauma such as cuts or fractures due
to accidents.

The problem that was seen in this study was the absence of ergonomically
designed engine block holder for transporting operation can cause a physical pain and
awkward posture, low productivity and poor quality of work. Through these problems
encountered, it gave the researcher enough interest to help the machinist of machine shop
to lessen or prevent any musculoskeletal disorder or accidents happening on the current
setup of the operation and to increase the job efficiency of workers by designing and
developing an ergonomically designed engine block holder.

The researchers used developmental research and used the Define-Measure-
Analyze-Design-Validate (DMADV) method to obtain the objectives of the study. The
current process of transporting engine block was evaluated in terms of manual

transporting, transporting alone, comfortability, makes the operation easier, delays the

work, experiencing body pain, safety and need of transporting tool.
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The most encountered problem by the machinist in the current process of
transporting the engine block was body pain or musculoskeletal disorder. The machinist
experience severe pain on different parts of body with a frequency ranging from often to
always in neck, back, shoulder, hip, right and left arm, right and left hand, right and left
leg; right and left feet. The result shows that there are strong, moderate and weak positive
relationships in different parts of the body within the three lifting hours.

The anthropometric data was determined for the design of the engine block
holder. The hip height (trochanter) standing anthropometric measurement was chosen to
gather the dimension needed for the design. The prototype was then evaluated by the
machinists as excellent that mainly focused on the functionality, aesthetics, durability,

safety, operability and usefulness of the prototype.

iX



TABLE OF CONTENTS

................................................................

................................................................

................................................................

...............................................................

................................................................

-----------------------------------------------------------------

Objectives of the Study ..o,

Significance of the Study ...

Scope and Limitation of the Study .............................

Definition of Terms

Research Design ....

Source of Data ..........ooiviiniiiiii i

.................................................................

................................................................

....................................................................

................................................................

Page
ii
iii

vii

19
19
19
19
21

21



.........................................................

..................

...........................................................................

.................................................................

..............................................................................

..............................................................................

i

21
22
28
87
87
90
91
92

95



Table

10

11

12

13

14

15

LIST OF TABLES

Computed weighted mean for frequency .............cccoevivviiineninnn....

Computed weighted mean for severity ...........

Computed weighted mean for level of importance .........cocooveveeemnn.......

Computed weighted mean for evaluation of
ergonomically designed engine block holder for transporting

OPETAtION ....euiniiiitiiiii e,

Score and level of musculoskeletal disorder risk ..........ovvvvvneenvennn...

Correlation coefficient ...............

Evaluation for the current process with respect on manual

transporting of engine block .................cooiii

Evaluation for the current process with respect on

transporting the engine block alone ...................................

Evaluation for the current process in transporting of engine

block with respect on comfortability .................................

Evaluation for the current process in transporting of engine
block with respect on making the operation easier

Evaluation for the current process in transporting of engine
block with respect to delays the work

Evaluation for the current process in transporting of engine
block with respect on experiencing body pain

Evaluation for the current process with respect on safety in

transporting the engine block without an engine block holder . ...

Evaluation for the current process in transporting of engine
block with respect to the need of engine block holder

Problems encountered by the machinist in the current process of
transporting the engine block

Xii

..................

oooooooooooooooooooooooooooooooo

......................

.............

.........................................

Page
23
23

24

24
25

27

29

29

29

30

30

31

31

32

33



16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Frequency of pain being experienced by the machinist
ontheneck area .........ocovviiiiiiiiiiiiiiiiiiii e,

Severity of pain being experienced by the machinist
ontheneckarea ................oiiiiii

Frequency of pain being experienced by the machinist
ontheback area .........coevuiiiiiiiiiiiiiiii e,

Severity of pain being experienced by the machinist
onthebackarea ...,

Frequency of pain being experienced by the machinist
onthe shoulderarea ............c.ooooiiiiiiiiiiiiiiii e,

Severity of pain being experienced by the machinist
on the shoulderarea ............cccooviiiiiiiiiiiiiiiii e,

Frequency of pain being experienced by the machinist
onthehiparea ............ocoiiiiiiiiiiiiiii e,

Severity of pain being experienced by the machinist
onthe hiparea .........ccoceiiiiiiiiiiiiiiiiii e,

Frequency of pain being experienced by the machinist
ontherightarmarea ............c..cccoveviniiiiiiiiiniiin e,

Severity of pain being experienced by the machinist
ontherightarms area .............c.cooviiiiiiiiiiiiiin i,

Frequency of pain being experienced by the machinist
ontheleftarmarea...............oooiiiiiiiiiiiiiiiine e,

Severity of pain being experienced by the machinist
ontheleftarmarea .............oooo i

Frequency of pain being experienced by the machinist
ontherighthandarea.........................ooiiiiii

Severity of pain being experienced by the machinist
ontherighthandarea ...........................o

Frequency of pain being experienced by the machinist
onthelefthandarea ...................cooooiiiin i

xiii



31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

Severity of pain being experienced by the machinist
onthelefthand area ...........cooooeiiiiiiiiiiiiiiiiiii e,

Frequency of pain being experienced by the machinist
ontherightlegarea .................oooiiiiiiiiiiin i,

Severity of pain being experienced by the machinist
ontherightlegarea ............cooiiiiiiiiiiiiiiiiiiiiie e,

Frequency of pain being experienced by the machinist
ontheleftlegarea...............oooiiiiiiiiiiiiiii i,

Severity of pain being experienced by the machinist
ontheleftlegarea .........ooeuviiiiiiiiiiiiiiiiiii e,

Frequency of pain being experienced by the machinist
onthe right feetarea .............co.cooiviiiiiiiiiiiiin e

Severity of pain being experienced by the machinist
ontherightfeetarea ...............ocoiiiiiiiiiiiiin e,

Frequency of pain being experienced by the machinist
ontheleftfeetarea ............oooiiiiiiiiiiiii

Severity of pain being experienced by the machinist
ontheleftfeetarea ............cooovoviiiiiiiniiiiiiinnnein

Summary of lifting hours of the machinist ....................................

Relationship between the number of lifting hours and the severity of
musculoskeletal disorders on the neck area ..........................

Relationship between the number of lifting hours and the severity of
musculoskeletal disorders on the back area ..........................

Relationship between the number of lifting hours and the severity of
musculoskeletal disorders on the shoulder area .....................

Relationship between the number of lifting hours and the severity of
musculoskeletal disorders on the hiparea...........................

Relationship between the number of lifting hours and the severity of
musculoskeletal disorders on the right arm area ...............

Relationship between the number of lifting hours and the severity of
musculoskeletal disorders on the left arm area

---------------------

Xiv

53

33

54

55

55

56



47

48

49

50

51

52

53

54

55

56

57

58

59

60

Relationship between the number of lifting hours and the severity of
musculoskeletal disorders on the right hand area ....................

Relationship between the number of lifting hours and the severity of
musculoskeletal disorders on the left hand area .....................

Relationship between the number of lifting hours and the severity of
musculoskeletal disorders on the right leg area .....................

Relationship between the number of lifting hours and the severity of
musculoskeletal disorders on the left legarea ........................

Relationship between the number of lifting hours and the severity of
musculoskeletal disorders on the right feet area .....................

Relationship between the number of lifting hours and the severity of
musculoskeletal disorders on the left feet area .......................

Summary of the relationship between the number of lifting hours and
the severity of musculoskeletal disorders ....................oov.no.e,

CuStomer reqUITEIMENLS .. .uvuiuiununiniririereeeinininreeenenenerernensnannins
Customer requirements rating .............ceeueeereiniuninienineenenennanennnnn,
Technical Requirements ............cocoeiiiiiiiiiiiininiiecneee e

Proposed dimensions for the engine block holder for transporting
OPETALIONS ..eevvnniiiiiniiiiii e,

Summary of the final evaluation of engine block holder ....................

Bill of materials .........coovniiiiiii L

Xv



Figure

10
1
12
13
14
15
16
17
18

19

LIST OF FIGURES

Conceptual framework ............ooooiiiiiiiiiiii L
SCissOr Lift .....oivniniii e,
Evaluation of the current process in transporting the engine block ... ...
Common problems encountered by the machinist ..........................
Interrelationship diagram ...............oooiiiiin i
Tree diagram ...........coeeiiniiiiiiiii e

Interrelationship matrix of customer requirements and technical
TEQUITETNENES ...uvivniiiniitieeteiineneeieeteeteeeeeeneeaneeneeanennss

Interrelationship matrix between technical requirements ...................

House of quality (HOQ) .......coviiiiiiiiiii e,

Top and front view of the engine block holder .............................
Side view of the engine block holder .................................
Side view of the engine block holder (Platform lifted) ....................
Back view of the engine block holder ........................................

Scissor lift mechanism .............c..coooi

xvi

Page

18
32

34

65

66
67
68

70



20
21
22
23
24
25
26
27

28

AC t0 DC pOWET SUPPLY «.eneneniiiieeiiee et eeaeens 77

Double pole double throw switch ...............ccooiiiviiniiinininnannn.., 78
Scissor lift arm .....oooiiiiiii i, 78
BEArING . .vinitiiiiiet i, 79
Limit SWItCh ..., 79
Glass fuse and glass fuse holder ..................cooviiiiiniuninnnii, 80
Swivel castor wheel with brake ....................ocooiiiiiii i, 80
Wirings of power supply and linear actuator of the prototype ............ 81
SWILCH ..o 86

Xvii



Appendices
1
2

3

LIST OF APPENDICES

Survey Forms

.............................................................

Appendix Tables..........coouiviiiiiiiiiiiiiiiieiieeeaann

Appendix Figures

------------------------------------------------------

xviii



DEVELOPMENT OF AN ERGONOMICALLY DESIGNED ENGINE BLOCK
HOLDER FOR SMALL SCALE MACHINE SHOP

Angelika Christine L. Canilao
Jercy M. Cruzate
Hillary Kimm A. Masicap
Sophia Grace S. Taruc

An undergraduate thesis submitted to the faculty of the Department of Industrial
Engineering and Technology, College of Engineering and Information Technology,
Cavite State University, Indang, Cavite. In partial fulfillment of the requirements for the
degree of Bachelor of Science in Industrial Engineering with Contribution No. CEIT-
2018-19-2- . Prepared under the supervision of Dr. Willie C. Buclatin.

INTRODUCTION

Manual material handling occurs in almost all working environments, though
workers in construction, agriculture, hotels and restaurants are most likely to be
exposed to heavy loads. Manual lifting of loads may cause cumulative disorders due to
gradual and cumulative deterioration of the musculoskeletal system through continuous
lifting and handling activities. It can also cause acute trauma such as cuts or fractures due
to accidents (Krocmer, 2013).

According to the Fourth European Working Condition Survey (2005), work-
related low back pain and injuries are the most common musculoskeletal
disorders caused by manual lifting. There are 35% of all workers that are exposed to the
risk of carrying or moving heavy loads for at least a quarter of their working time.

The Centers for Disease Control and Prevention's (CDC) & National Institute for

Occupational Safety and Health (NIOSH) (1997), released a review of evidence for



