Prince of Songkla University

The Faculty of Engineering

MidtermExamination Semester 1 Academic Year: 2009
Date: July 26, 2009 Time: 13:30-16:30
Subject: 225-456 Ergonomics Room: R300
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DIRECTIONS

1. Two pieces of A4 noted sheets (both sides), dictionary and calculator are
allowed.

6 questions are given on 10 pages, and should be done.

Total score is 100.

RULA and NIOSH worksheet are attached.

o M~ w0

Please check all questions/ pages before start working.

Good Luck
Asst.Prof Angoon Sungkhapong
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1. It is realized that application of the laws of physics and of engineering
concepts to the human body requires knowledge of the basic structure
and function of the musculoskeletal system. To support this statement,

all data in figure 1-5 should be completed.

Figure 1: Upper limb bones

1.1 According to Figure 1, What are names of bones A, B, C, and
D? ( 4 points)
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Brachialis
A —_ Brachioradialis

Flexor carpi ulnaris

Flexor carpi radialis

Figure 2 : Upper limb muscles

1.2 According to Figure 2, What are names of muscles A, B, and
C? (3 points)
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Figure 3: Muscles & bones of trunk
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1.3.According to Figure 3, What are names of muscles A and B?

(2 points)

1.4.According to Figure 3, What are names of bones C and D?
(2 points)
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Figure 4: Spine

1.5.According to Figure 4, What are names of bones A, B,C, D, E
and F? (6 points)
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Figure 5 : Lower limb muscles

1.6.According to Figure 5, What are names of muscles A,

tendon B and bone C? (3 points)

2. The human body could move in different plain because of the different
joint in the skeletal system. Describe the information in question 2.1-
24.
2.1.According to Figure 1, What kind of joint at location E, F, G and

H? (4 points)
2.2.According to Figure 4, What kind of joint at location E, I, G and H?
(4 points)
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Figure 6: movement of hand

2.3. According to figure 6, describe the name of each movement and

explain how does it affect to work- injury? (10 points)

Figure 7: movement of forearm

2.4. What is movement of forearm as shown in figure 7(B)? (2 points)
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3. According to figure 8, Given data :- joint supports 300 Newton of
body weight and the force-arm (B-C) is 12 cm., the abductor muscles
(muscle force) are producing ‘x’ Newton of tension with the angle
of 80 degree from horizontal line and the distance between A and B is
10 cm. How much compression acts on the hip during two-legged
standing and what is it direction? What is the magnitude of ‘x’ ?

(12 points) [ B is the fulcrum at hip joint. ]
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4. The lower pulley, weighting 3.0 Ib. with 8 Ib. of patient’s head, is
supported by the strands of the pulley system. How much lift is
applied to the patient if the therapist pulls on the rope with a force of
20 1b.? ( 8 points )
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20

Figure 9: A patient with the pulley system

5. The operator is working as shown in figure 10-12 .Apply RULA to

analyze the working position and propose the better working method.
[Hint: improved work should be related to tools, working position,

work station and working method]

Figure 10: The posture of worker while nailing the board.
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Figure 11: The upper limbs of worker while nailing the board.
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L

Figure 12: The location of his hand while nailing the board.

6. Some cartons weighing 35 lbs are to be picked up from the floor
(figure 13) and will be placed on a table 30* above floor level. The

worker has to carry the carton and walk to the table about 1 ft. At the

lowering position, hand holds are located 33" above the floor and 15’

forward of the midpoint of the worker's ankles (figure 14). The
average frequency of lifting is 4 lifts per hour and the task duration is

3 hours. The worker doesn’t need to rotate his body while doing this

task. Apply NIOSH to evaluate the job and propose the better working

station or working method.
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Figure 13: The origin of lifting task.

r

30 in.

Figure 14: The destination of lifting task.
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RULA Employee Assessment Worksheet

Complete this worksheet following the step-by-step procedure below. Keep a copy in the employee's personnel folder for future reference.

A. Arm & Wrist Analysis
Step 1: Locate Upper Arm Position
s . po

20 Ttosaer F7 20 s20M0 45 +a% 1o 90°
Step 1a: Adjust...

If shoulder is raised: +1;
If upper arm is abducted: +1;
If arm is supported or person is leaning: -1

Step 2: Locate LowerArm Position
oy w.. ;'w i SN

-60° to 100° o
Step 2a: Adjust...

It arm is working across midline of the body: +1;
If arm out to side of body: +1

Step 3: Locate Wrist Position

Final Lower Arm Score =

15°+ » A
1 +1 +1
e T

Step 3a: Adjust...
If wrist is bent from the midline: +1 Final Wrist Score =

Step 4: Wrist Twist
If wrist is twisted mainly in mid-range =1; o
If twist at or near end of twisting range = 2 Waist Twist Score =

Step 5: Look-up Posture Score in Table A
Use values from steps 1,2,3 & 4 to locate Posture Score in
table A

Step 6: Add Muscle Use Score

If posture mainly static {i.e. held for longer than 1 minute) or;

it action repeatedly occurs 4 times per minute or more: +1 Muscle Use Score =
———
———

Posture Score A =

Step 7: Add Forcelload Score

if load less than 2 kg (intermittent): +0;
It 2 kg to 10 kg (intermittent): +1.
If 2 kg to 10 kg (static or repeated): +2;

If more than 10 kg load or repeated or shocks: +3 Force/load Score =

Step 8: Find Row in Table C
The completed score from the ArmAwrist

analysis is used to find the row on Table C Final Wrist & Am Score =

SCORES

B. Neck, Trunk & Leg Analysis
Step 9: Locate Neck Position

4 » in extension
+3 +4

|

°to 10° Siw\mon 200+

R

Step 9a: Adjust...

=Final Neck Score If neck is twisted: +1; If neck is side-bending: +1
talsoif 0°tote 0 to20° Step 10: Locate Trunk Position
trunkis - - 20°to 60°
v AL Y42 ;o3
standing / <

|
|
\erect [ /
P
|

Step 10a: Adjust...

core If trunk is twisted: +1; If trunk is side-bending: +1

Step 11: Legs
If legs & feet supported and balanced: +1;
If not: +2

= Final LegScore

Table A
Wrist
' 2 3 4
Upper | Lower | wis tuig JAwstTwod | i Twes | wnst st
\ Arm Arm 1 11 2 2] 1} 2
1 1 |1 fa]2)2 3la]s
2 V2l 2 3l3{3
3/ 12 2l alage
2 1 w\ L 3{3|s]|4afe
2 W efa|3p3fef4]4
\ HEFIES KA RS {5
3 1 sl{afelefals|s
2 sle|elala]s]s
3 “lale|a|a|=|[5]5
4 1 | afafala]efx]s]s
2 fa|a]aja|alifs]s
3 [a|afa]s slels
5 1 sisis]s 6|7
z |s]|e|6ls RN
3 |ejelelr [ARAN
3 v el Bls|o
2 |s|else 9j 9
3 lofafeje aj 9
Table C
T 2 3 4 5 6 1+
[ tN 3 3|4 s s
22 2)3sla afs|s
3[3 3 3|4 4|s|s
el 3 a|4[s]e s
s|e 4 alsfe|1 7
6|4 alsle sf|7 7
s sls |7 7 7
se|ls slef7 7 7 7

@

Trunk Posture Score

1 2 3 4 5 6

/, Legs Legs Legs Legs Legs Legs

Neok |1 |2|1]2]t]2l1]2({1]2]|1]2

1 “13]2|3]3|4a|5]5|6 A 6|7 |7

Table B 2 2]afz|3|a|s|s5|5]|s ‘ 7177
3 |3 ]3|a|4|als]s]s]s A 777
4 |s|s|s|se|ef7z]7]7 i 7188 |

s |7 7|77 |7|8]8]8]s _ TNERE]

"6 |e|s|s|s|8|5|8|o|s]s]s]>

Step 12: Look-up Posture Score in Table B
Use values from steps 8,9,& 10 to locate Posture Score in

= Posture B Score Table B

Step 13: Add Muscle Use Score

If posture mainly static or,

= Muscle Use Score If action 4/minute or more: +1

Step 14: Add Force/load Score

if load less than 2 kg (intermittent): +0;

112 kg to 10 kg (intermittent): +1;
# 2 kg to 10 kg (static or repeated). +2;

= Forcefload Score if more than 10 kg load or repeated or shocks: +3

Final Score=

Subject:
Company:

Department:

——
— N .
Step 15: Find Column in Table C
The completed score from the Neck/Trunk & Leg
= Final Neck, Trunk & Leg Score analysis is used to find the column on ChartC
Date: / /
Scorer:

FINAL SCORE: 1 or 2 = Acceptable; 3 or 4 investigate further;

© Professor Alan Hedge, Cornell Unmversity. Feb. 2001

5 or 6 investigate further and change soon; 7 investigate and change immediately
Source: McAtamney, L. & Corlen, EN. (1993) RULA: a survey method for the investigation of work-related upper limb disorders, Applied Ergonomics, 24(2) 91-99
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20 .91 58 .90

25 .89 70 .88

30 .88 85 .87

35 .87 100 .87

40 .87 115 .86

45 .86 130 .86

50 .86 145 .85

55 .85 160 .85

4 60 .85 178 .85
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Y — — Vatat - X £0.2 1.00 1.00 0.95 0.95 0.85 0.85
05 0.97 0.97 092 0.2 0.81 0.81
deg 1 0.94 0.94 0.88 0.88 0.75 0.75
) 1.00 2 0.91 099 0.84 0.84 0.65 0.65
1% 95 [ 3 0.88 0.88 0.79 0.79 0.55 0.55
30 55 4 0.84 0.64 012 072 045 045
- = 5 0.80 0.80 0.60 0.60 035 035
6 0.75 075 0.50 0.50 027 027
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Coupling Factor[CM] A5 19dUdun15 NIOSH 1991
GOOD=1.0 FAIR=1.00r.95 POOR=.90 RWL =LC x HM x VM x DM x AM x CM x FM
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: Lifiunisfl Constant )
2. vosflunLififidy T dwneeduliald Horizontal | HM @25/H) (10/H)
dunsalnlda q599N Multiplier
2. msunvasfiuig vertical | 'wM | 1-003]v-7s]) | 1-.0075]v-30])
* P Multiplier
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. . 14 Multiplier
Good 1.00 1.00 Frequency | FM From Table § From Table S
Fair 0.95 1.00 Multiplier
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- Multiplier
NIOSH Liing Equation 1991 ¢ . NIOSH Liing Equation 1991 =




