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Executive summary

The Dange ‘R’ Us Scooter Company recently decided they wanted a new production line to
manufacture their most recent scooter design, the Blazer. The employees at the company
work a typical 8 %5 hour day with an unpaid 30 minute lunch and two paid 15 minute breaks.
This leaves 7 % labor hours to produce a goal of 1000 scooters. The company wanted to
spare no expense on their Blazer, so 16 components were necessary with at least three
power tools being used to assemble them. The goal was to develop a streamlined
manufacturing process of producing these scooters using ergonomics, line balancing, and a
little bit of intuition.

The ergonomic analysis was a component the Dange ‘R’ Us Scooter Company emphasized
because safety is one of their major concerns. The analysis consisted of a RULA (Rapid
Upper Limb Assessment) calculation for the 6 biggest potential problem areas and HAL TLV
analysis of each station. The 6 tasks analyzed with RULA required either the most dexterity
or strength which have a major impact on this assessment. If these tasks are acceptable it is
fair to assume the entire process is acceptable as far as RULA is concerned. The highest
score calculated was a 4; on the RULA scale this indicates that although some change may
be needed the score is acceptable. A further investigation to get this score down could be a
potential project for the future. The HAL TLV analysis initially returned some alarming
numbers with only 5% of the tasks being under the Action Limit and 81% of the tasks being
over the Threshold Limit Value. The manufacturing process was revisited and some fixtures
were added to lighten the load on the employees. Recalculation of the HAL TLV score
indicated that 15% of the tasks were now under the Action Limit and only 62% were over
the Threshold Limit Value. Although these scores are far from perfect, major progress was
made to improve the process and future analysis may be able to move these scores to an
even safer range.

Before getting to line balancing, the number of work stations needs to be determined. The
constraints used to determine the optimal number of stations were the amount of parallel
assembly lines, the production of 1000 scooters per shift, and the work content time (time
needed to build a scooter from start to finish). The optimal number of work stations was
calculated to be 16 with 1 worker at each stations (4 parallel rows of 4 stations). Using the
largest candidate rule, the 37 tasks to assemble a scooter were divided evenly among the
stations. Each station ended up taking about 110 seconds to complete and transfer to the
next sequential station. This layout ensures that 1000 scooters will be produced per 7 %
hour shift with the minimal number of workers.

The manufacturing process proposed was able to guarantee hitting the target goal of 1000
scooters per shift for the Dange ‘R’ Us Scooter Company. Although the ergonomic analysis
left plenty of room for improvement, overall the process met the company’s needs and
created a wonderful product for customers to enjoy.
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1. Problem Statement and Product Description

A scooter manufacturer, Dange ‘R’ Us, is interested in building a new model called “The
Blazer”. They would like to create an efficient manufacturing process to produce 1000

scooters per shift.

Figure 1.1: The Blazer

The main components of each scooter are a plank with four individually-mounted wheels,
and a mounted T-bar to act as a support for the rider. The complete bill of materials for a

scooter is outlined below.

Bill of Materials

1

Scooter

I b1 !
Handle bar Skate Scoater
board connector
J 16 J 16 W 16 J 1 J 4 \; 2 & 4
C
Bolts MNuts Washers Board Wheels orner Screws
bracket

Figure 1.2: Bill of Materials
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In order to completely assemble a scooter, certain fixtures and tools are required.
Complete tooling and fixtures for the process is outlined in table 1.1. Pictures of
specialty fixtures can be found in figure 1.3. An outline of assembly steps with

corresponding standard times can be found in appendix 7.3.

Tooling Fixtures
Pneumatic Drill Riser
Pneumatic Screwdriver Clamps
Pneumatic Sander Drill Template
5/16™ Manual Wrench T-Bar Stand

Flipping Board

Table 1.1: List of Tooling and Fixtures

Figure 1.3: (From left) Drilling Template, T-Bar Stand, Flipping Board

2. Methodology and Assumptions

The methodology of this project requires multiple steps and techniques. First, a bill of
materials, list of tooling needed, and list of fixtures were compiled to outline all of the
resources needed throughout production. Then, a time study was conducted through video
to record times and positions of the worker for each task in assembly. This will aid in line

balancing and ergonomic analysis.

After initial ergonomic analyses using RULA, HAL TLV, and hand balancing, an iteration was
made to address appropriate issues. Further explanation and details can be found in
Section 3. A second time study was conducted with these process improvements. The

corresponding normal and standard times were calculated to be used for line balancing and
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development of a standard operating procedure (SOP).Further explanation of line balancing

can be found in Section 4, and the SOP can be found in the appendix 7.3.

The times taken were compared with values given in the predetermined motion time
system (PMTS) for accuracy. Validation with the given times for each task determined that

our time study results were accurate and representative.

To complete this project, the following assumptions are made:

e 1000 scooters must be completed each 8-hour shift.

e Employees have two 15-minute breaks during the 8-hour shift, and an unpaid 30-
minute lunch break that is added on to the 8-hour shift. This means that there is an

available production time of 7.5 hours per worker per shift.

e All workers are right handed. Because the majority of the world population is right

handed, this will be considered when completing hand-balancing analysis.

e An allowance factor of 0.1 is applied to the times in the time study to obtain the
standard times. This was decided amongst the analysts to be representative of a

real-world application.

e A performance rating of 1.0 was applied to the times in the time study to obtain the
normal times. Because the subject of the time study was one of the participating
analysts, steps were taken to ensure appropriate pacing. This eliminates any

behavioral effects or Hawthorne Effect on the operator.

e The most repetitive and strenuous tasks act as the constraint for ergonomic analysis.

If these are considered safe, so are the smaller, less strenuous tasks.
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3. Ergonomics

ERGON@MICS

A Arm and Wrist Analysis
Step 1: Locate Upper Arm Position:

9 2 2
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¥ shoulder is reaed: +1
¥ upper arm is abducted: +1 1

¥ arm 13 supparted or person is keasing -1
Step 2 Locate Lower Arm Position:

b >
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\ — \ == e .,
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Step 2a: Adjust
¥ eicher anm is warking across midiine of out to side of body: ASS +1
Step 3 Locate Wrist Position:

TR

Step 3a: Adjust +3

5 i
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¥ wrint is bent from midine: Add +1
Step 4 Wrist Twist 1
¥ wrist i twisted in mich-range: +1

¥ wrint iy % o mmar end of range: v 2

Step 5 Look-up Posture Score in Table A:
Using values from steps 1-6 above, locate score in
Tabie A

Step & Add Muscle Use Score

¥ posture mainly static fLe. held>10 minutes)

O ¥ action repeated ocours 4X per minute: =1
Step 7: Add Force/Load Score

¥ load < 4.4 Ba. (intermittent) +0

¥ load 4.4 10 22 lbs. (intermistenty +1

¥ load 4.4 10 22 by, [static o repeated) +2

¥ more than 22 by, or repested o shocks: +1

Step & Find Row in Table C
Ackd vahaes from steps 5-7 40 cbtam
Wrist and Arm Score. Find row in Table C

Wt Tidst Scere

2

Wit Scoe

3

Posture Scece A

1

Musice Use Score

0

Force £ Lot Stove

4

Wrst & Arm Score

3.1. Rapid Upper Limb Assessment (RULA)

RULA Employee Assessment Worksheet

Scores
Wirisz Score

1 2 3
wrist Weist Wist
Twise Twist Twst

Scoring: (fnal score from Table C)
1- w accoptable pon!
34 & further investigation, change may be deoded
5.6 & further iTwesTigation, change 1000

7w imestigate and inemect changs

4

AULA Scaee

k! ‘ *2 ,'{ *3 } . ‘:‘,

This project called for an ergonomic analysis to ensure the work would be safe for
employees. The most demanding and repetitive parts of the work were analyzed with
the assumption that the rest of the tasks would be safe if these were. The tasks analyzed

were drilling the holes in the board, clamping the board to the table, attaching the

B. Neck, Trunk and Leg Analysis
Step % Locate Neck Position:
<

N \ j )
Step Sa Adjust
¥ neck & twisted: +)
¥ neck & side bending: +1
Step 10: Locate Trunk Position:

R e

\ (‘A (‘A
\ \ ‘f I/?
Stap 1 0n: Adunt '
¥ trunk is twisted: +1 2
¥ trunk is side bending: +1 o
Step 11: Legs: o
¥ legs and feet are supported: +1
¥ ot +2 i
Nek el 1 I Lo scove
Pomure &

Lp lep ap lep Lp

S o

Step 12: Look-up Posture Score in Table 8:
Using values from steps 511 sbove. 3
locate score in Table 8

Step 13: Add Muscle Use Score
¥ posture mainly SLaC fie. held>10 minutes) 1
Or if action repeated ocours 4X per minute: «1

Step 14: Add Force/Load Score
¥ load < 44 ba Gntenmittenty +O

¥ load 4.4 50 22 s, (intermittont): +1 O
¥ load 4.4 10 22 Ibs. [static o repeatedt +2

o more than 22 1bs. of repested or shacks: +1

Step 15: Find Column in Table C
Add vahses from steps 12-14 10 obtain 4
Neck, Trunk and Leg SCore. Fns Column 1 Table € iy Trurk Log Score

Posiure & Soove

Musde Use Score

Force / Load Score

Figure 3.1: RULA Assessment for Drilling

wheels, attaching the handle bar, putting the washers and bolts together, and moving

the board from station to station. These tasks are assumed to give a complete picture of

the production of the scooter.

Drilling turned out to be one of the riskier tasks with a RULA score of 4. Based on this
score, the task is approaching a potentially unsafe state and change may be necessary,
but it is not certain. The other tasks measured received RULA scores of 3 except for

moving the board, which received a 4 (see Appendix 7.4.1). These scores are not very

high on the RULA scale, so change is not necessary at this time.
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3.2. Hand Activity Level Threshold Limit Value (HAL TLV)
The Threshold Limit Value (TLV) is used to evaluate the job risk factors that are related
with musculoskeletal disorders particularly at the hand and wrist. It takes in to account

factors such as the amount of effort and frequency of activity to perform the evaluation.

The TLV categorizes hand activities into three categories

Category | Definition

>TLV High risk

ALto TLV | Moderate risk

<AL Safe

Table 3.1: TLV risk categorization

Ideally, the ratio of activities for each hand should be as close to 1:1 as possible. In
addition, the activity should minimize the number of activities >TLV and maximize the

number of action <AL.

As seen in figure 3.2 an assessment of the initial simulation of the assembly procedures
indicate that there is a high frequency of activities in the category of >TLV. This indicates
that the activity is not safe. Also, figure 3.3 shows bars representing the ratio of hand

activity for each hand. Both hands have a fairly equal number of activities.
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I-AIL\L TLV proportion (Before)
<

5%

AL to TLV
14%

>TLV
81%

Figure 3.2: Initial hand activity level and threshold limit value

Left hand vs right hand (Before)

Number of occurance

>TLV ALto TLV <AL
Category

Figure 3.3: Initial number of occurrence for each hand

To minimize the number of high risk activities (>TLV), several improvements are
implemented into the assembly process to either reduce the hand activity level or the
normalized peak force required to perform the assembly procedure as seen in figure 3.4

which shows a reduction in the number of task categorized as >TLV.
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HAL TLV proportion (after)
<AL

15%

AL to TLV

23% >TLV

62%

Figure 3.4: Final hand activity level and threshold limit value

Left hand vs right hand (after)

30

25

20

15

10

Number of occurance

>TLV AL to TLV <AL

Figure 3.5: Final number of occurrence for each hand

4. Line Balancing and Organization of Work

Given the adjustments made after an ergonomic analysis and time study, the final
precedence diagram is found in figure 4.1. Steps of assembly with no prerequisite steps can
be found on the far right side, with no arrows going into them. The final step, 37, is found

on the far right. This means that all other steps must be completed before 37 is completed.
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A table with each numbered task and the associated standard times and prerequisite steps

can be found in Appendix 7.6.

25 |
A28 |29 fo{z0 fofm ]
33 |

53]
_,'—-E Rl |
A ) I l I

Figure 4.1. Precedence Diagram

Before line balancing can be completed, the number of stations needs to be calculated. The

number of stations takes the following into consideration:

- Demand constraint of 1000 scooters per shift
- Work content time, or the time needed to build a scooter from beginning to end

- The number of parallel assembly lines

Using these parameters, the corresponding production rate, cycle time, and the total
number of workers can be calculated. The work content time is the required time to
complete a scooter based on the cumulative standard times of each task. Hourly production
rate is the amount of scooters each assembly line needs to produce in an hour. The cycle
time is how long each station has to build their portion of the product, assuming all stations
have equal assigned assembly times. Finally the number of single-worker stations needed is
the work content time divided by the cycle time. The total workers needed is rounded to

the nearest integer. Table 4.1 summarizes the results.
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Number Work Content Hourly Production Cycle Time Total

of Lines Time (min) Rate (units/hr) (min) Stations Workers
1 6.98 133.33 0.43 17 17
2 6.98 66.67 0.86 9 18
3 6.98 44.44 1.3 6 18
4 6.98 33.33 1.73 4 16

Table 4.1: Total Stations and Workers given Number of Lines

These calculations show that having four parallel assembly lines with four single-worker
stations in each is most efficient for production. Now, the 37 tasks in production can be
distributed over four stations using the largest candidate rule line balancing method. The
largest candidate rule consists of assigning tasks to stations based on the following

parameters:
- Time in each station
- Feasibility of task order shown in the precedence diagram
- Time for each task

The sum of task times at each station must not exceed the calculated time of 1.73 minutes
(104 seconds) per station. Because it is infeasible to divide the tasks perfectly into 104-
second stations, 110 seconds will be used as the new work station time. This allows for a
slight buffer in balancing the tasks. In other words, the product will spend exactly 110
seconds at each of the four stations, and move on in a linear fashion. Figure 4.2 outlines the
balanced process. Figure 4.3 illustrates the entire process, with four identical lines of four
stations each and the basic material flow. Gantt Charts and SOPs for each of the four

stations can be found in the appendix.

| Assemble, Mount
— Handlebar / Sand
Edges

Insert Bolts / Assemble Wheels

2lIEE | Assemble Wheel 1 N 2-4

Figure 4.2: Four Balanced Stations
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Hardware, Air

Air Drill, Hardware, Hardware, N .
Screwdriver, Air
Templates Wheels Wheels
Sander
T-Bar
Assemble, Mount Pallet
Dorillin | Insert Bolts / ~, Assemble Wheels Handleba’r/ sand
E Assemble Wheel 1 2-4
Edges
Planks ] Finished
Pallet Pallet
. Insert Bolts / Assemble Wheels Pl LA
Drilling - — Handlebar / Sand
Assemble Wheel 1 2-4 T-Bar
Edges
Pallet
Air Drill, Hardware, Hardware, Hardwa?re, Alr
Screwdriver, Air
Templates Wheels Wheels
Sander
Air Drill, Hardware, Hardware, Hardwgre, A'r.
Screwdriver, Air
Templates Wheels Wheels
Sander
T-Bar
1 Pallet
orillin | Insert Bolts / _, Assemble Wheels ﬁs::;.':b:’rl;nso:nn;
= Assemble Wheel 1 2-4
Edges
Planks ] Finished
Pallet Pallet
Assemble, Mount
m— Insert Bolts / Assemble Wheels ’
Drilling > - Handlebar / Sand
Assemble Wheel 1 2-4 T-Bar
Edges
Pallet
Air Drill, Hardware, Hardware, S'::;‘z:z;z’r'q;r
Templates Wheels Wheels 4

Sander
Figure 4.3: Four Identically Balanced Assembly Lines

With this layout, 16 stationary workers are able to produce 1000 scooters per shift, where

each shift consists of 7.5 hours of work time for each worker.

5. Recommendations and Conclusion

The purpose of this project was to design and analyze a manufacturing process which would
produce 1000 scooters in 7 ¥% working hours. By designing the process with 16 stations
overall in 4 rows of 4, this goal was met with the use of only 16 employees. Each of the 4
stations in each row was balanced to take no more than 110 seconds. The tasks were
broken down evenly to ensure that each employee was given a fair amount of work and

there were no bottlenecks.

The ergonomic analysis consisted of a RULA calculation and a HAL TLV score for the
procedure. The RULA calculation was done on the 6 tasks which required the most dexterity
or strength to perform, as these factors weigh heavily on the RULA score. If these tasks
returned an acceptable score, it is fair to assume the entire process would be safe as well.
IE 420: System Engineering Practicum
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The highest calculated RULA score was a 4 which is in the middle of the road as far as RULA
is concerned. This is definitely not a perfect score, but considering the sensitivity of the
RULA calculation it is in an acceptable range. Further analysis may be considered in the
future, but for the sake of this project the score is fair. The HAL TLV analysis initially
returned some alarming number with only 5% of the tasks being under the Action Limit and
81% being above the Threshold Limit Value. After implementing some modifications, these
numbers were greatly improved to 15% of tasks being under the Action Limit and only 62%
being over the TLV. Although these numbers are far from perfect, they are a major

improvement and pave the way for future ergonomists.

In the end the project was a success and the Dange ‘R’ Us Scooter Company was very

pleased with the process laid out for them.
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7. Appendices

7.1. Drawings

7.1.1. Drawing - Board
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7.1.2. Drawing - Bolt
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7.1.3. Drawing - Washer
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7.1.4. Drawing - Wheel

P CSYS_DEF
1l i
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7.1.5. Drawing - Nut
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7.1.6. Drawing-T bar
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7.1.7. Drawing - Bracket
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7.1.8. Drawing - Screw

e d2
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7.1.9. Drawing - Fixture template

8,52
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7.1.10. Drawing - Fixture T bar support

18

46

135

7.2. Gantt chart

7.2.1. Ganttchart - Work station 1

Work Sation 1

Time(s)

No.

Action

%]

100)

10

Mave plank from pallet to work station

Clamp right side of plank totable

Clamp left side of plank totable

Line up driltemplate on st comer

Diill4 holes an Tst corner

Line up driltemplate on 2nd camner

Drll 4 holes on 2nd comer

Line up dril template on 3rd cormer

wlm|lulxm|la|lelc|ro] o

Ol 4 holes on 3rd cormer

=

Line up diilltemplate on dth cormer

1

Dill 4 hales on dth cormer

[

Remove right clamp

3

Remove left clamp
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7.2.2. Gantt chart - Work station 2

Work Sation 2

Time(s)

No.

Acton 10

Place board on fixture

Add washers to bolts

Insert bolts into holes in board

Align flipping fixture over board

Flip board

Place wheels on each set of bolts

1
1
3
4
5
b
1

Manually tighten nuts on first wheel

7.2.3. Gantt chart - Work station 3

Work Sation 3

Time(s)

Action 10

Manually tighten nuts on secandwhe

Manwalytighten nuts on third wheel

Manually tighten nuts on fourth wheel

Flip assembly back over

il

50)

60|

{

%)

00|

1]

120

7.2.4. Gantt chart - Work station 4

Work Sation 4

Time(s)

No

Action

Retrieve T-bar from pallet and lay ontable

Retrive bracket and screws from bin

Screw bracket into first side

Flip T-bar

Retrive bracket and screws from bin

Screw bracket into second side

Attach T-bar assemblyto support

Position T-bar assembly over board assembly

1
2
3
4
5
]
7
g
3

Screw first side of T-bar assemblyinto board assembly

—

0

Screw second side of T-bar assembly into board assembly

—_

1

Detach scooter from suppart

—
~

Sand edges of board

—

3

Move scaoter from work station to pallet

20|

30|

40|

50|

80

100
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7.3. Standardized Operating procedure (SOP)

7.3.1. SOP - Work station 1
Standardized Operating Procedure Page 1of 2
] Estimated total time:
Work Station 1 107.8 sec
) . Pictorial reference(s)
MNo Action Description
lob Product
1.1 Bend over to retrieve plank from pallet.
1.2 Transfer plank from pallet to work station by using
both hands.
1.3 Ensure that proper body posture is maintained -
1::lh:ll::’ulghMtlth.:c;:raI-'Ispl}u‘:rtlE:tiI:m|:I|}fF}IE“-IIIk.It the ed i Pict 14: Pick plank Picture 1C: Woodan
.4 Place plank horizontally and parallel to the edge o icture 1A: Pick plan
plank
Move plank the table onto plank support. up from pallet
1 from pallet '
to work — -
station
Ficture 1B: place plank
on work station
2.1 Pick up clamp from the side. =T
-
; 2.2.Position mouth of clamp at the right corner edge of
Clamp right plank, .
2 side of 2.3 Engage clamp trigger multiple times until plank is =
planktu securely fasten onto table. . ) Picture 28: Wonden
Picture 2A: Clamping lank
table wooden plank(right) P
3.1 Pick up clamp from the side.
3.2.Position mouth of clamp at the right corner edge of
Clamp left [P
A 3.3 Engage clamp trigger multiple times until plank is
3 Ellj:k?t; securely fasten onto table. Picture 28 Wooden
P Picture 3A: Clamping plank
table wooden plank(left)
4.1 Place drill template on plank.
4.2 Align drill template with the corner edges of the
plank.
Picture 44; Drill . ]
template F:Jl:crem.‘.'.'nnden
plan
Line up drill
4 | template
on corner
Picture 48: Aligndrill
template

IE 420: System Engineering Practicum
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Standardized Operating Procedure

Page 2 of 2

Work Station 1

Estimated total time:
107.8 sec

Pictorial reference(s)

Mo. Action Description
lob Product
5.1 With one hand firmly securing the drill template,
align drill with the first hole.
Drill 4 holes 5.2 Press the drill trigger lightly to initiate drilling
process.
3 on 1st 5.3 Increase pressure on trigger gradually to increase
. . Picture 5B: Wooden
corner drill retational speed. lank
5.4 Drill a hole through the plank. P
5.5 Repeat steps 5.1 to 5.4 four times.
RepeatStep 4 and 5 (X3)on each corner
Picture 6C: Wooden
Drill rest of Picture 54; Aligndrll | PIENK
haoles on template
6
other
CoOrners
£
Picture 7A: Drill hole
7.1With one hand holding onto clamp, grip onto clamp
handle.
7.2 Move thumb towards the back of handle, press eject
7 Remove |buttontoreleaseclamp.
rlght clamp . Picture 7B: Wooden
Picture 7A: Release
. . plank
clamping [right)
8.1With one hand holding onto clamp, grip onto clamp
handle.
2.2 Move thumb towards the back of handle, press eject
3 Remove |buttontoreleaseclamp.
left clamp Picture BB: Wooden

Picture BA: Release
clamping [right)

plank
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7.3.2. SOP - Work station 2

Standardized Operating Procedure Page 1of2
y Estimated total time:
Work Station 2 99.0 sec
. e Pictorial reference(s)
No. Action Description
Job Product
1.1 Placedrilled plank on fixture
Plank
1 Place board on “= Fixture
fixture Picture 1C: Wooden
plank
Picture 1A: Plankon
fixture
2.1 Pick washer out from parts container )
2.2 Add washer to bolt ‘
2.3 Repeatsteps 2.1and 2.2 (X16)
&
Picture 2C: Washer
Picture 2A: Pickup and bolt
Add washersto parts from container
3 bolts
|
!
Picture 2B: Add
washer to bolt
3.1Insert bolt and washers into each of the 16 drilled A 2
holes.
%
y
y
4
Picture 3A: Insert : ,/
washer bolt assembly . v
3 Insert bolts into into board Picture 3B: Add bolt
holes in board and washer
e
¥ 3 g
w
Picture 3C: Add bolts
and washers (X16)
4.1 Place flipping fixture over board. o
4.2 Ensure flipping fixture covers all bolts st each corner.
L%
Align flipping # >
- fixture over o
board
Picture 4A: Placing Picture 48: Boltsand
flipping fixture washerfilled
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Standardized Operating Procedure

Page 2 of 2

Work Station 2

Estimated total time:

99.0 sec
. . Pictorial reference(s)
No. Action Description
lob Product
5.1 With each hand on each side of the board, pick the >
whole assembly up. .
5.2 Place flipped side of board face down on work i Al
tati -
5| Flipboard [0 o
Picture BA: Flip . )
flipping fixture and Picture 48: Bolts and
bozrd washer filled
&.1 Pick wheels out from parts container
E.2 Align wheel's holes onto first corner with bolts
E.3 Insert wheels into place. .
E.4 Repeat steps 6.1to 6.3 [X3) on other corners.
Picture 6A: Pickup
Flace wheels parts from container Picture 6B: Firstwhesl
& | oneachsetof an
bolts
Picture 64: Placing Picture &C: All wheels
wheelson balts an
7.1 Pick nut out from parts container
7.2 Place washer on bolt. —
" - 3
7.3 Use fingers to screw in washer Bicture £8: Firstmut
7.4 Use wrench to tighten nut on balt
M I Picture 6A: Pickup
anually parts from container
7 | tighten nuts on
. E
—
Picture 6A: Tighten
nut with wrench
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7.3.3. SOP - Work station 3

Standardized Operating Procedure

Page1of1

Work Station 3

Estimated total time:

115.6 sec

Pictorial reference(s)

No. Action Description

Job

Product

1.1 Pick nut out from parts container
1.2 Place washer on bolt.

1.3 Usefingers to screw in washer
1.4 Usze wrench to tighten nut

Picture 1A: Pickup

‘amEh

Picture 1C: Firstnut
on bolt

Manuszlly !
v parts from container
1 |tightennutson
second wheel
==
Picture 1B: Tighten
nut with wrench
2.1 Repeatstep 1 (X3)for the other wheels
Picture 2C: Firstnut
on bolt
Manually Picture 2A: Pickup

2 | tightennutson
restof wheels

parts from container

Picture 2B: Tighten
nut with wrench

4.1 With each hand on each side of the board, pickthe
whole aszembly up.
4.2 Placeflipped side of board face down on work
Flip assembly |station,
back over

.Picture 3A:Flip
flipping assembly over

‘amsh

Picture 3B: Firstnut
on bolt
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7.3.4. SOP - Work station 4

Standardized Operating Procedure Page 1of 3
] Estimated total time:
Work Station 4 97.9 sec

Pictorial reference(s)
lob Product

No. Action Description

1.1 Bend over to retrieve T bar from pallet.

1.2 Transfer plank from pallet to work station by sing
both hands.

1.3 Ensure that proper body posture is maintained
throughout the transportation of T bar.

N\

1.4 Place T bar vertically, with the positio of handle Picture 1A: Pickup T
) parallel to the edge of the table flat on work station. bar rom container Picture 1C: Thar
Retrieve T-bar —
1 |from palletand
" -
lay on table
Thar

Picture 1B: Place T
bar on work station

2.1 Pick out brackets and screws from parts container

—
Retrive bracket
2 |and screws
from bin

Picture 2A: Pickup Picture 2C: Thar
parts from container

3.1 Align bracket on T bar. i
3.2 Place screw on top of bracket.
3.3 Use power screw driver to screw in screw.

N\

/

Picture 3A: Screw in Picture 3B: Screw
screw with bracket first screw
3 Screw bracket
into first side
Picture 3C: Screw
second screw
4 1FlipThar
4 |FlipT-bar /

Picture 4A: FlipThar | Ticture 48:Thar
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Standardized Operating Procedure Page 2 0f 3
. Estimated total time:
Work Station 2 97.9 sec

No. Action

Description

Pictorial reference(s)

lob

Product

Retrive bracket
5 |and screws
from bin

5.1 Pick out brackets and screws from parts container

—

Picture 5A: Pickup
parts from container

N\

Picture 5B: Tbar

Screw bracket
& |intosecond

3.1 Align bracketon T bar.
3.2 Place screw on top of bracket.
3.3 Use power screw driver to screw in screw.

Picture 6A: Screw in
screw with bracket

\

Picture 6B: Place
second bracket

A

=4

assembly to
SUpport

Picture 7A: T bar
support fixture

side .
Picture 6C: Screw
third screw
Picture 60: Screw
forth screnw
7.1 Attach Tbar to T bar assembly.
7.2 Enusre T bar assembly with fixture is place on the
Attach T-bar side with holes for T bar.

&

Picture 7B: T bar on
board zssembly

Position T-bar
8 |assembly over
board assembly

8.1 Position T bar aszembly over board aszembly.

J
e
Picture 8B: Tharan

board assembly
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Standardized Operating Procedure Page 3 of 3
. Estimated total time:
Work Station 2 97.9 sec

Pictorial reference(s)

No. Action Description
Job Product
8.1Scew in screws using power screw driver on one side
Screw first side Picture 9A: Screw in Picture 9B: Screw in
5 of T-bar screwsinto boad first screw
assemblyinto
board assembly
Picture 9B: Screw in
second screw
8.1 Scew in screws using power screw driver on other
side
Screw second Picture 9A: Screw in
10 side of T-bar screwsinto boad third screw
assemblyinto
board assembly
Picture 9C: Screw in
forth screw
11.1 Using 3 power sand buffer, sand off the edges to
smooth out the edges
11 Sand edges of
board
Picture 11A: Sand Picture 11B: Fully
edges assembled scooter
12.1 Move scooter to packaging area.
Move scooter
12 fron:n work
stationto —r—ts
pallet

Picture 12A: Move

scooterto pallet

Picture 12B: Fully
assembled scooter
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7.4. Rapid Upper Limb Assessment (RULA)

7.4.1. RULA - Move plank

ERGON@MICS

RULA Employee Assessment Worksheet Task Narmie Date
A. Arm and Wrist Analysis Scoras Wrist Score B. Neck, Trunk and Leg Analysis
TaweA ., . step9:Locate Neck Position:
o A - 3
Weist Wrist Weist Wit
Um"" Twist Twise Twist Twast sk Sinse
3G B §7 55 Xy 19O )
Bt 2222339
2127272°%13|9°3
33333344
) 233333438
¥ arm s supparted or person is keaming -1 Ao A Scare ; : : : : : ; :
e R 3 om s 13444aass
( +1 3 -2 344444255
P { b 444a4as55S
{ 44444555 3
- . 44444555
\I -,l‘ 44455548 6 Trunk Score
55555667
Step 2a: Adjust.. 4
¥ either anm is werking across midine or out to side of body: A +1 566 : : ? ; ? L R —— 1
: ) » £ 6 & 7718 e 4a8-3n oy
Ly NI P e R 11770770 88| [P B l; S “‘. B
)T:g"ﬁf:_g — Add 41 88838919 bepadis 55 S 12 AT B ST
“ 9 9%3595% 39 Y 1323023438667 7
Stap 3 Adjust... 2 * +3 R : 3 3313435588177
¥ wrint is bent from midine: Add +1 . . 3 133448850017
o 4 S55487702 778
m&nmf:ﬁc oy 1 1 2313 5 $ 7777780088888
lw-nwllualudid'l' vy e Tewt score Wit Scoem 214 $ L& A9 s
Step 5 Look-wp Post I,'"'” X 3133 § Step 12 Look-up Posture Score in Table B:
mtmhxmlam.:;‘u;:n 3 3i314 s Usig wolues bom swies 5:11 shave 4
Tabie A 4 45 ? focate score in Table 8 Podzive 6850
Step & Add Muscle Use Score e e 456 7 Step 13: Add Muscle Use Score :
¥ posture mainly satic fLe. held>10 minutes) 25360 ? ¥ posture mainky SLaGc fLe. held>10 minutesl
Or ¥ action repeated ocours 4X per minuee: =1 0 1 S &7 7 O if action repeated octurs 4X per minute +4 0
Musdle Use Score
Step 7: Add Force/Load Score Muiche Use Score * Step 14: Add Force/Load Score .
¥load < 4.4 s (intermittenty +0 :‘;':“""”"""""wq ¥ load < 44 ba. frtermittents +0 t
¥ load 4.4 10 22 Ibs. (imtermitent) +1 ACEIPRENte peshure ¥ o 4.4 30 22 s, (intermittont); +1
¥ laad 4.4 10 27 Iy, [static or repeated] +2 0 34 & further investgation, change iy Be 080%eS o 4.4 00 22 Ibs. (static or repeated] +2 0
¥ mare than 23 Ibs. or repested or shocks: +1 Sores 7 Load Seone :c-mm;mmm ¥ more than 22 Ibs. o repested or shacks: ] Foree / Laad Scare
.M.- wm
Step & Find Row in Table C Step 15: Find Column in Table C
Ackd vakaes from steps 5-7 40 cbtan : a4 Add vahaes from steps 12-14 10 obasin
Wrist and Arm Score. Find row in Table C. Mfmmms«n.mmnvmcw,“wm
RULA Scoee
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7.4.2. RULA - Clamp plank

ERGONSMICS

RULA Employee Assessment Worksheet

LS
A Arm and Wrist Analysis Wrist S
Step 1: Locate Upper Arm Position: Table A A T e
Wrist Wrist Weist Wist
Upper Twist Toise Twist Twist
Arm
32 kb 3203 X5 B Oy )
1222223 3)
1 222213333
23333344
) 203333344
4 4 4
im;!ww“wwz:‘»u-c A S 2 ;::::Ass
$oap Z Lacete Lower Poson: 333 4aass
+1 3 34444255
4 4 4 4 4555
»I' 44444555
e 4 44444555
\ Al g (U —— 44455568
55555667
Step 2a: Adjust..
¥ echer arm is working across midine of out to side of body: ASd +1 5 :::::;;:
Step 3: Locate Wrist Position: H'. *\/'\ T o AT T
}Tﬁb <f e 6 B 88889989
% e 999959539
Stap 3ac Adjust.. “ 3 ﬂ/ : T T
¥ wrint is bent from midine: Add +1 g ]

Step & Wrist Twist: 1

¥ weist is o€ Or rmar endlof range; +3 WM Tt Score

Step 5 Look-up Posture Score in Table A:
Using values from steps 1-6 above, locate score in
Table A

Step & Add Muscle Use Score

¥ posture mainky .a6¢ fLe. held>10 minutes)
Or ¥ action repeated ocours 4X per minute: =1

Step 7: Add

¥load < 4.4 Bs. (intermittenty +0

¥ load 4.4 %0 22 b, (imtermistent) +1

¥ laad 4.4 10 27 toy, [static or repeated) 2

¥ more than 27 Ibs. or repested or shotks: +1

Step & Find Row in Table C
Adkd vahaes from steps 5-7 0 cbtan
Wrist and Arm Score. Find row in Table C.

Wt Scoes

R R o
O kW W e
S I NN Ny
R
EUEEV IR ATy

AR N R

Task Name

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

BRBT

'Msmd
¥ neck & side bending: +1
Step 10: Locate Trunk Position:

Step 14: Add Force/Load Score ?'w
¥load < 44 Bs. (ntermittenty +0

¥ loadt 4.4 80 22 . (inteemittont); +1 0

¥ iad 4.4 10 22 Ibs. (satic or repeatedt +2

o more than 22 Ibs. of repested or shacks: +)  Force / Load Scare
Step 15: Find Column in Table C

Add vahaes from steps 12-14 10 obeain

Neck, Trunk and Leg SCONe. M Couemn s Table € oy Tk Log Score
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7.4.3. RULA - Drilling

ERGONSMICS

PR

A Arm and Wrist Analysis
Step 1: Locate Upper Arm Position:

imNWVWl‘W
Step Z Locate Lower Arm Position:

Add +1
Step 2a:

Lowws At are

Adjust.
¥ exher anm ks working across midine o out 1o side of body: ASd +1

Step 3 Locate Wrist Position: *

Step 3a0
¥ wrint is bent from midine: Add +1

1

¥ weist is o€ Or rmar enclof range; +3 WM Tt Score

Step 5 Look-up Posture Score in Table A:
Using values from steps 1-6 above, locate score in
Table A

Step & Add Muscle Use Score

¥ posture mainky .a6¢ fLe. held>10 minutes)
Or ¥ action repeated ocours 4X per minute: =1

Step 7: Add

¥load < 4.4 Bs. (intermittenty +0

¥ load 4.4 %0 22 b, (imtermistent) +1

¥ laad 4.4 10 27 toy, [static or repeated) 2

¥ more than 27 Ibs. or repested or shotks: +1

Step & Find Row in Table C
Adkd vahaes from steps 5-7 0 cbtan
Wrist and Arm Score. Find row in Table C.

\/'\

aaa1 6

e 43 ﬂ/

Wt Scoes

RULA Employee Assessment Worksheet

i
§

Tl
-
1.
i:-

I T R T R N S S R R N IR
I A A N S A N
L R T R RV I N R S S R
R B A R L R S Sy R )

':anqo»mnsnhuuuuuulu--
f“-ﬂm.wb.&ﬁ§‘-.~\‘uulﬁuu
S B T A A A e T
“‘-N‘JOOU‘UU\IUWQI.U\“

L R S

O kW W e
S I NN Ny
R LRy

EUEEV IR ATy

Task Name

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

BRBT

'Msmd
¥ neck & side bending: +1
Step 10: Locate Trunk Position:

14: Add Force/Load Score Shndeiie i
¥load < 44 Ba fntenmittent) +O
¥ load 4.4 %0 22 b, (intermittont): +1 0
¥ load 4.4 10 22 Ibs. (atic or repeatedt +2
o more than 22 Ibs. of repested or shacks: +)  Foree / Load Soare
Step 15: Find Column in Table C
Add vahaes from steps 12-14 10 obeain
Neck, Trunk and Leg SCONe. M Couemn s Table € oy Trurk Log Score
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7.4.4. RULA - Add washers to bolts

ERGON@MICS

RULA Employee Assessment Worksheet

Scores
A Arm and Wrist Analysis Wrist Score
sup!:uanwp.mm Table A - = 3 2
npey Twist Twse Twist Twst
Arm
3@ K 3% L3 Xy 1 Uy )
11272:2:219,8:9
1 2222331313
23333344
2333334238
imnwamnb—; e 2 : : : : : : : :
'z 334444558
3 3 4444255
44444555
4 4444555
4 4 444455°S
444555468
5585546 67
5 S 6666777
66 67 77 78
Step 3: Locate Wrist Position: . 4..:\/"\ T et
———— : - ?z_ = i Mdaar B 8 8883 89% %
? e : 99995959
Stap 3a: Aduse 2 e o3 IR H e
¥ wrint is bent from midiine: Add +1 )
lvn:smnmdw-n 1 2 4o
¥ wrist iy at O rmar endiof range; 3 WM TelSare Wit Scom :: :
Step 5 Look-up Posture Score in Table A: sTiits
Using vakues from steps 1-6 above, locate score 2
Tabie A 56 ?
Posture Scace A
Step & Add Muscle Use Score € 6 7
¥ posture mainly satic fLe. held>10 minutes) 8i 2127
Or ¥ action repeated ecours 4X per minute: +1 1 77717
7: Add Force/Load Score Musiche Use Score
¥ load < 4.4 1bs. (intermittent) +0
¥ load 4.4 %0 22 Ibs. (imtermistem) +1
¥ laad 4.4 10 27 by, [static o repeated) +2 0 34 & further investigation, change may be neoted
¥ more than 22 Ibs. or repested or shocks: +1 Force 7 Lobd S :‘-mh:muunu
Step & Find Row in Table C 3
Adkd vakaes from steps 5-7 10 cbtan g 1 3
Wrist and Arm Score. Find row in Table C. Wit & Arm Scere P,

Task Name

B. Neck, Trunk and Leg Analysis
Step %: Locate Neck Position:

i

lmum'l
¥ neck & side bending: +1
Step 10: Locate Trunk Position:

Trunk Scare
Lag Score
Posture
hepas 5 S0 A T A B R T
2 1329234386877
2 3332343300817
3 13344885001
T RSN IS 0 N0 A AF 3E |
$ 77TTT7488 8688381
L& A anssss
mitmmmnr&ht
volues from steps 5-11 sbove., 2
locate score in Table 8 .8 S
Step 13: Add Muscle Use Score '
¥ posture mainly stasc fLe. held>10 minutes) 0
Or if action repeated ocOurs 4X per minute: «4
14: Add Force/Load "':"w
¥load < 44 Ba (ntermittenty +O
:Munzzummw (1]
Ioad 4.4 50 22 Ibs. [static or repeated] +2
ol Force / Load Score

¥ more than 27 Ibs. or repested or shacks: +1

Step 15: Find Column in Table C
Add vakses from steps 12-14 10 obtsin
Neck, Trunk and Leg SCOre. M Cohamn in Table C. pucy Trunk Log Score
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7.4.5. RULA - Attach wheels

ERGON@MICS

A. Arm and Wrist Analysis

¥ upper arm is abducted: +1
¥ arm iy spparted or person iy keaming -1
Step Z Locate Lower Arm Position:

Add +1 Lower Asre Kore

Step 2a; Adjust..
¥ exher anm ks working across midiine or out 1o side of body: Add +1
Step 3 Locate Wrist Position:

m————— X o Add *1
Stap 3a: Adjust.. 42 e o3 MY H
¥ wrins is bent from midine: Add +1 §
Stop 4 Wrist Twist: 2
wrint i teisted in mic-range: +1
¥ st s #€ OF rmar endiof ranger +3 W T Scae TR Scoe
Step 5 Look-up Posture Score in Table A
Using values from steps 1-6 above, locste score in 2
Tabie A
Step & Add Muscle Use Score iy
¥ posture mainky szatic fLe. held>10 minutesl
Or ¥ action repeated ocours 4X per minuee: =1 1

7: Add Force/Load Score Muiche Use Score
¥ load < 4.4 1ba. (intermittentk +0 ’
¥load 4.4 10 22 Ibs. (imtermistent)y +1
¥ load 4.4 80 22 I, (static or repeated +2 0
¥ mare than 2J Ibs. or repested or shocks: +1 force £ Losd Stose
Step & Find Row in Table C AR
Adkd vahaes from steps 5-7 10 obtan ;.3‘_
Wrist and Arm Score. Find row in Table C. Wit & Ares Score

RULA Employee Assessment Worksheet

i

ii~
4§ 0 |
ii-

R R I A RV P R LT P R S SRy R )

D I A A S S S e e R )
LR R T T IV R N S S S R

I T T PR
Hw o oo bbb bbb N
L o e I e N I
S B T e o o P T

B A SRR PRL )

L Iy
SRR I IR AT
SRRV IR N T

B e I

Task Name

B. Neck, Trunk and Leg Analysis

Pt I S

e RSN

2 1330234386877

2 3332343300817

3 13344885001

4 1s5854877 T8

$ 77TTT7488 8688381
L& A anrssesss
Step 12: Look-up Posture Score in Table B:
Using values from steps 5-11 above, 3
locate score i Table 8 oS 5ine
Step 13: Add Muscle Use Score '
¥ posture mainly sasc fie. held>0 minutes) 0
Or if action repeated ocOurs 4X per minute: «4

14: Add Force/Load Score O

¥lodd < 44 ba w0 3
¥ load 4.4 20 22 . (inteemittont); +1 0
¥ load 4.4 50 22 Ibs. [static or repeatedt +2
# more than 22 Ibs. of repested or shacks: +1  Force/ Load Soare
Step 15: Find Column in Table C
Add vahaes from steps 12-14 (0 obesin

Neck, Tk and Leg SCOMe. s Conatn s Table C. sy Truri Log Score
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7.4.6. RULA - Attach T bar

ERGON@MICS

A. Arm and Wrist Analysis

¥ upper arm is abducted: +1
¥ arm iy spparted or person iy keaming -1
Step Z Locate Lower Arm Position:

Add+1 Lowes Asre WKare

Step 2a; Adjust..
¥ exher anm ks working across midiine or out 1o side of body: Add +1
Step 3 Locate Wrist Position:

e ——— craXi ey p— Add o1
e o .
Stap Ja: Adjust. 2 N o3 N\l
¥ wrin is bent from midiine: Add +1 , ;
Step 4 Wrist Twist: 1
¥ wrint is twisted in mid-range: +1
¥ et iy o Of rmar enciof range; 03 VW TMM e TR oo
Step 5 Look-up Posture Score in Table A
Using values from steps 1-6 above, locste score in 2
Tabie A
Step & Add Muscle Use Score iy
¥ posture mainky szatic fLe. held>10 minutesl
O ¥ action repeated ocours 4X per minute: +1 0

7: Add Force/Load Score Muiche Use Score
¥ load < 44 s, (intermittentk +0 ’
¥load 4.4 10 22 Ibs. (imtermistent)y +1
¥ load 4.4 10 27 Iy, [3tatic or repeated) +2
¥ more than 27 Ibs. or repested or shocks: «1 force / Loxd Sove
Step & Find Row in Table C EEETEER
Adkd vahoes from steps 57 40 cbtae 5
Wrist and Arm Score. Find row in Table C. R A S

RULA Employee Assessment Worksheet

Scores
Wirisz Score
Table A
1 2 3 <
Weist Wrist Wit Wist
npey Twist Twse Twist Twst
Arm
t2r21212
112/2:2:219:%:9
1 2222331313
23333344
2333334238
2 33333444
344443455
334 44aa55s
3 3 44444255
44442555
4 44 44555
4 4 444455°S
444555468
5585546 67
5 S6666777
66 67 77 78
127770489
6 8 8883 89% %
9999 99%¢9
45 8
1 3 55
' 2 - $ s
g 3 4458
3 4 6 &
) 5 7 ?
4 3 77
R L] 7 ?
8 s 71777
Scoring: {nal scove from Table C)
1- w acceptable poature
34 & further investigation, change mary be needed
56 & further iIvesTgation, change 5000
7w investigate and imglemect change
AULA Scoee

Task Name

B. Neck, Trunk and Leg Analysis

e 1 2 3 4 5 L]

e RSN

2 1223934396877

2 3332343300817

3 13344885001

4 1s5854877 T8

$ 77TTT7488 8688381
L& A anrssesss
Step 12: Look-up Posture Score in Table B:
Using values from steps 5-11 above. 2
locate score in Table 8 o 850
Step 13: Add Muscle Use Score .
¥ posture mainly statc fLe. held>10 minutes) 1
Or if action repeated ocours 4X per minute: +1

14: Add Force/Load Score Sy e S

¥load < 44 Ba (ntermittenty +O
¥ load 4.4 50 22 . (intermittont); +1 0
¥load 4.4 50 22 Ibs. (static or repeated] +)
# more than 22 Ibs. of repested or shacks: +1  Foree/ Load Soare
Step 15: Find Column in Table C
Add vakses from steps 12-14 10 obtsin

Neck, Tk and Leg SCOMe. s Conatn 1 Table C. s, Trumk. Log Score
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7.5. Hand Activity Level Threshold Limit Value (HAL TLV)

7.5.1. Task summary (before)

Task summary (Before) Page 10f2
Left hand Right hand
No Task (before)
Start End Start End
1 Move plank from pallet Grab plank from Place plank on Grab plank from Place plank on
to work station pallet work station pallet work station
) Clamp right side of plank | Provide support on Plank is clamped Place clamps on Plank is firmly
to table plank down plank secured
3 Clamp left side of plank Provide support on Plank is clamped Place clamps on Plank is firmly
to table plank down plank secured
4 Line up drill template on Pick up template Template is lined Pick up template Template is lined
1st corner up up
5 Drill 4 holes on 1st Support lined up All for holes are Grab drill handle All holes are drilled
corner template drilled
6 Line up drill template on Pick up template Template is lined Pick up template Template is lined
2nd corner up up
7 Drill 4 holes on 2nd Support lined up All for holes are Grab drill handle All holes are drilled
corner template drilled
3 Line up drill template on Pick up template Template is lined Pick up template Template is lined
3rd corner up up
Drill 4 hol 3rd S tlined All for hol
9 rifl & holes on 3r upportfinedup orholesare Grab drill handle | Al holes are drilled
corner template drilled
10 Line up drill template on Pick up template Template is lined Pick up template Template is lined
4th corner up up
Drill 4 hol 4th S tlined All for hol
11 riil A holes on upportiinedup orholesare Grab drill handle | All holes are drilled
corner template drilled
Grab handle while
. grab head of R . .
12 Remove right clamp Remove clamp pressing eject Clamp is released
clamp
button
handle whil
Grab head of Grab a'nd e.w e .
13 Remove left clamp clam Remove clamp pressing eject Clamp is released
P button
14 Place board on fixture Grab left end of Board |.s placed on grab left end of Board |‘s placed on
board fixture board fixture
Boltis i ted Boltis i ted
15 Add washers to bolts Pick up washer ? s Inserte Pick up bolt ? s Inserte
into washer into washer
. . Bolt and washer Bolt and washer Bolt and washer Bolt and washer
Insert bolts into holes in . . . .
16 board assembly is on assembly is assembly is on assembly is
hand inserted into hold hand inserted into hold
Align flipping fixt Pick up flippi Pick up flippi
17 '8N TppIng Thture ' pr IPping Fixture aligned ' pr IPping Fixture aligned
over board fixture fixture
18 Flip board Grab side of board Board is flipped Grab side of board Board is flipped
Place wheels on each set . Bolts are inserted . Bolts are inserted
9 of bolts Pick up wheel into wheel Align wheel into wheel
M Ily tigh heel
20 anua 'y tighten nuts on Support whee Nut tighten Pick up wrench Nut tighten
first wheel support
M Ily tigh heel
21 anually tighten nuts on Support whee Nut tighten Pick up wrench Nut tighten
second wheel support
22 Manually. tighten nuts on Support wheel Nut tighten Pick up wrench Nut tighten
third wheel support
23 Manually tighten nuts on Support wheel Nut tighten Pick up wrench Nut tighten
fourth wheel support
24 Flip assembly back over Grab side of board Board is flipped Grab side of board Board is flipped
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Task summary (Before) Page 2 of 2
Left hand Right hand
No Task (before)
Start End Start End
24 Flip assembly back over Grab side of board Board is flipped Grab side of board Board is flipped
25 Retrieve T-bar from Grab T bar stem T bar placed on Grab T bar handle T bar placed on
pallet and lay on table table table
Retrieve bracket and Pick up bracket Required number
26 . . Idle Idle
screws from bin and screw of parts retrieved
S bracket into first S i d
27 crew rascidz intoirs Support bracket crew |sir?crewe Pick up power tool Screw is screwed in
T bar placed T bar placed
28 Flip T-bar Grab T bar stem ar placed on Grab T bar handle ar placed on
table table
Retrieve bracket and Pick up bracket Required number
29 . . Idle Idle
screws from bin and screw of parts retrieved
S bracket int S i d
30 crew brac ? into Support bracket crew I% screwe Pick up power tool Screw is screwed in
second side in
31 Attach T-bar assembly to Grab T bar stem T bar is placed on Grab T bar handle T bar is placed on
support support support
32 Position T-bar assembly Grab T bar stem T bar is placed on Grab T bar handle T bar is placed on
over board assembly support support
Screw first side of T-bar Screw is screwed
33 assembly into board Support bracket in Pick up power tool Screw is screwed in
assembly
Screw second side of T- Screw is screwed
34 | bar assembly into board Support bracket in Pick up power tool Screw is screwed in
assembly
Grab on sanding
Guid di hine handle &
35 Sand edges of board uae sa.n 'N& Edges are sanded m.ac ine handle Edges are sanded
machine guide movement of
sanding machine
36 Move scooter from work Grab one side of Scooter is placed Grab one side of Scooter is placed
station to pallet board on pallet board on pallet
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7.5.2. TLV assessment (before)

HAL TLV analysis (Before) Page 10f2
No Task (before) Leff ngh.t
HAL | NPF | Ratio | Results HAL | NPF | Ratio | Results
y | Moveplankfrom 6 | 5 | 1.20 | >TLV 6 | 5 | 120 >TLv
pallet to work station
Clamp right side of AL to
2 2 . <AL .
plank to table 4 0.50 A 3 4 0.75 TLV
Clamp left side of AL to
3 ok to table 2 | 4 | 050 <AL 304 |ors| Ty
4 | Hneupdrilltemplate | | oo 100 1y 2 | 05| 400 | >TLv
on 1st corner
g | Drilldholesondst | 5 |, | goc | AltoTLV| 4 | 5 | 080 | >TLV
corner
g | Lineupdrilltemplate | | o1 400 | oqy 2 | 05| 400 | >TLV
on 2nd corner
7 | Drillaholeson2nd |5 | )1 o0 | AoV 4 | 5 | 0.80 | STLV
corner
g | Lineupdrilltemplate | | oo | 450 | qy 2 | 05| 400 | >TLV
on 3rd corner
g | Drillaholeson3rd | 5 | 4 | gc | ALtoTLV| 4 | 5 | 080 | >TLV
corner
10 | Hneup drilltemplate || oo 400 | Sy 2 | 05| 400 | >TLv
on 4th corner
17 | Drillaholesondth 51 oo | AltoTiv| 4 | 5 | 0.80 | STLV
corner
ALt
12 | Remove right clamp 2 4 0.50 <AL 3 5 0.60 TLVO
13 | Removeleftclamp | 2 | 4 | 050 | <AL 3 | 5 | 060 ATLLt/O
14 | Placeboardon 8 | 5 | 160]| >TLV 8 | 5 | 160 | >TLV
fixture
15 | Add washers to bolts 2 0.5 | 4.00 >TLV 2 0.5 | 4.00 >TLV
16 | Insertboltsinto 2 | 05| 400 ]| >TLV 2 | 05| 400 | >TLV
holes in board
17 | Alignflipping fixture | g o o0 | oy 8 | 5 | 160 | >TLv
over board
18 Flip board 6 | 5 | 1.20 | >TLV 6 | 5 | 1.20 | >TLv
19 | Placewheelsoneach | -5 ) o3 | Sy 5 | 4 | 125 | >TLv
set of bolts
20| Manually tighten 4 | 4 | 1.00] >TLv 5 | 5 | 1.00| >TLV
nuts on first wheel
Manually tighten
21 nuts on second 4 4 1.00 >STLV 5 5 1.00 >STLV
wheel
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HAL TLV analysis (Before) Page 2 of 2
No Task (before) LefF nghf
HAL | NPF | Ratio | Results HAL | NPF | Ratio | Results
5 | Manually tighten 4 | 4 | 100 >Tv 5 | 5 | 1.00 | >TLV
nuts on third wheel
23 | Manually tighten 4 | 4 | 100 >Tv 5 | 5 | 1.00 | >TLV
nuts on fourth wheel
2q | Flipassemblyback | o) o 50 | py 6 | 5 | 1.20 | >TLV
over
Retrieve T-bar from Al to
25 pallet and lay on 3 4 0.75 | ALtoTLV | 3 4 0.75
TLV
table
2 | Retrievebracketand | | oo | o 0g | oppy 3 | 05| 600 | >TLV
screws from bin
g7 | Serewbracketinto | oo ges | Sy 5 | 6 | 0.8 | >TLV
first side
28 Flip T-bar 4 3 1.33 >TLV 4 3 1.33 >STLV
2g | Retrievebracketand | | oo | o0y | oqpy 3 | 05| 600 | >TLV
screws from bin
30 | Screwbracketinto | o | o hes | Sny | 5 | 6 | 083 | >TLV
second side
31 Attach T-bar 5 | 4 | 125 | STV 5 | 4 | 125 | >TLV
assembly to support
Position T-bar
32 | assembly over board 6 4 1.50 >TLV 6 4 1.50 >TLV
assembly
Screw first side of T-
33 bar assembly into 5 4 1.25 >TLV 5 4 1.25 >TLV
board assembly
Screw second side of
34 | T-bar assembly into 6 4 1.50 >TLV 6 4 1.50 >TLV
board assembly
35 | Sand edges of board 7 6 1.17 >TLV 8 7 1.14 >TLV
36 | Movescooterfrom | o o |00 1 oy 5 | 5 | 1.00 | >TLV
work station to pallet
Average 1.74 >TLV Average 1.76 >TLV
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7.5.3. Task summary (after)

Task summary (After) Page 10of2
Left hand Right hand
No Task (after)
Start End Start End
1 Move plank from pallet Grab plank from Place plank on Grab plank from Place plank on
to work station pallet work station pallet work station
) Clamp right side of plank | Provide supporton Plank is clamped Place clamps on Plank is firmly
to table plank down plank secured
3 Clamp left side of plank Provide support on Plank is clamped Place clamps on Plank is firmly
to table plank down plank secured
4 Line up drill template on Pick up template Template is lined Pick up template Template is lined
1st corner up up
Dri 1 i
5 rill 4 holes on 1st Support lined up All for holes are Grab drill handle All holes are drilled
corner template drilled
6 Line up drill template on Pick up template Template is lined Pick up template Template is lined
2nd corner up up
7 Drill 4 holes on 2nd Support lined up All for holes are Grab drill handle All holes are drilled
corner template drilled
3 Line up drill template on Pick up template Template is lined Pick up template Template is lined
3rd corner up up
9 Drill 4 holes on 3rd Support lined up All for holes are Grab drill handle All holes are drilled
corner template drilled
Line up drill template on Template is lined Template is lined
10 ine up dri P Pick up template P s Pick up template P s
4th corner up up
Drill 4 hol 4th li All for hol
11 " oles on 4t supportlined up or .o esare Grab drill handle All holes are drilled
corner template drilled
Grab handle while
12 Remove right clamp grab head of clamp Remove clamp pressing eject Clamp is released
button
Grab handle while
13 Remove left clamp grab head of clamp Remove clamp pressing eject Clamp is released
button
14 Place board on fixture grab left end of board |.s placed on grab left end of board |.s placed on
board fixture board fixture
15 Place wa.shers on bolts pick up bolt Bolt is inserted into pick up bolt Boltis inserted into
for first wheel washer washer
L X
R ine up first wheel, Position holes with Position holes with
16 insert bolts through Hold wheel support Hold wheel
bolts bolts
holes
Nut continuously
Add nuts t h bolt, Pl ton bolt
17 R nu S. 0 each bot, Hold on bolt rotate through ace nuton bo Tighten nut
tightening by hand thread
thread
18 Place washers on bolts Pick up bolt Bolt is inserted into Pick up bolt Bolt is inserted into
for second wheel washer washer
Line up second wheel . . . .
! Position hol th Position hol th
19 insert bolts through Hold wheel support osition holes wi Hold wheel osttion holes wi
bolts bolts
holes
Nut continuously
A h bol PI |
20 d.d nuts' to each bolt, Hold on bolt rotate through ace nuton bolt Tighten nut
tightening by hand thread thread

IE 420: System Engineering Practicum

Lab Report 3 - Scooter Production
Team members: Matthew Scholze, Kyle Lovett, Bin Ken Pang, Tin Fang Chen

42



Task summary (After) Page 2 of 2
Left hand Right hand
No Task (after)
Start End Start End
!_me up third wheel, Position holes with Position holes with
22 insert bolts through Hold wheel support Hold wheel
bolts bolts
holes
Nut continuously
A h bol PI |
23 d.d nuts. to each bolt, Hold on bolt rotate through ace nuton bolt Tighten nut
tightening by hand thread
thread
24 Place washers on bolts pick up bolt Bolt is inserted into pick up bolt Boltis inserted into
for fourth wheel washer washer
Line up first fourth . . " .
! Position hol th Position hol th
25 insert bolts through Hold wheel support osition holes wi Hold wheel osition holes wi
bolts bolts
holes
Nut continuously
26 Adid nuts. to each bolt, Hold on bolt rotate through Place nut on bolt Tighten nut
tightening by hand thread
thread
Retrieve T-bar from Grab lower portion Grab upper portion
27 pallet and lay on table of T-bar Lay on table of T-bar Lay on table
Retrieve bracket and . Required number . Required number
28 . Pick up screws of screws are Pick up bracket of screws are
screws from bin . .
retrieved retrieved
. . Firmly secure .
29 Screw brac.ket into first bracket's position Screw is tightened Use scre\{v driver to Tighten screw
side screw in screw
on T-bar
. Grab lower portion Grab upper portion
30 Flip T-bar of T-bar Lay on table of T-bar Lay on table
Retrieve bracket and . Required number . Required number
31 . Pick up screws of screws are Pick up bracket of screws are
screws from bin . .
retrieved retrieved
Firml
Screw bracket into rm Ysecu.rf.a o Use screw driver to .
32 . bracket's position Screw is tightened . Tighten screw
second side screw in screw
on T-bar
Attach T-bar assembly to Support slide T-bar assembly is Position T»ba'r T-bar assembly
33 . assembly to slide
slide support support attached attached
support
34 Position T-bar assembly Support board T-bar a§§embly is Hold on T-bar T-bar a.s§embly is
over board assembly positioned assembly positioned
Screw first S.lde of T-bar Support T-bar . Use screw driver to L
35 assembly into board Screw is tightened . Screw is tightened
assembly screw in screw
assembly
Screw second side of T-
S tT-b U dri t
36 bar assembly into board uppor ar Screw is tightened € scre\{v riverto Screw is tightened
assembly screw in screw
assembly
37 Detac.h scooter from Pick up scooter Detach scooter Support slide Detach scooter
slide support support
Grab on sanding
38 Sand edges of board Guide sa.ndlng Edges are sanded m.achlne handle & Edges are sanded
machine guide movement of
sanding machine
39 Move scooter from work Grab one side of Scooter is placed Grab one side of Scooter is placed

station to pallet

board

on pallet

board

on pallet
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7.5.4. TLV assessment (after)

HAL TLV analysis (After) Page 1of2
Left Right
No Task (after)
HAL NPF Ratio Results HAL NPF Ratio Results
1 | Moveplankfrom pallettowork | ¢ 5 1.20 STLV 6 5 1.20 STLV
station
o | Clamp rightside of plank to 2 4 0.50 <AL 3 4 0.75 | ALtoTLV
table
3 Clamp left side of plank to table 2 4 0.50 <AL 3 4 0.75 ALto TLV
L i 1
g | Lineupdrill template on 1st 1 05 | 2.00 STLV 1 05 | 200 STLV
corner
5 Drill 4 holes on 1st corner 3 4 0.75 AL to TLV 4 5 0.80 >TLV
g | lineupdrilltemplate on 2nd 1 05 | 2.00 STLV 1 05 | 2.00 STLV
corner
7 Drill 4 holes on 2nd corner 3 5 0.60 AL to TLV 4 5 0.80 >TLV
g | lineupdrill template on 3rd 1 05 | 2.00 STLV 1 05 | 2.00 STLV
corner
9 Drill 4 holes on 3rd corner 3 5 0.60 ALto TLV 4 5 0.80 >TLV
10 | Line up drilltemplate on 4th 1 05 | 2.00 STLV 1 05 | 2.00 STLV
corner
11 | Drill 4 holes on 4th corner 3 5 0.60 AL to TLV 4 5 0.80 >TLV
12 | Remove right clamp 2 4 0.50 <AL 3 5 0.60 AlLto TLV
13 | Remove left clamp 2 4 0.50 <AL 3 5 0.60 ALto TLV
14 | Place board on fixture 8 5 1.60 >TLV 8 5 1.60 >TLV
Pl h Its for fi
15 | Place washers on bolts for first 0 05 | 0.00 <AL 0 05 | 000 <AL
wheel
16 | Line up firstwheel, insert bolts 2 3 067 | ALtoTLV 2 3 0.67 | ALtoTLV
through holes
17 | Addnuts to each bolt, 4 4 1.00 STLV 6 6 1.00 STLV
tightening by hand
18 Place washers on bolts for 0 05 0.00 <AL 0 05 0.00 <AL
second wheel
19 | Line up second wheel, insert 2 3 067 | ALtoTLV 2 3 0.67 | ALtoTLV
bolts through holes
20 | Add nuts to each bolt, 4 4 1.00 STLV 6 6 1.00 STLV
tightening by hand
2 Place washers on bolts for third 0 05 0.00 <AL 0 05 0.00 <AL
wheel
57 | Lineupthird wheel, insertbolts | 3 067 | ALtoTLV 2 3 067 | AltoTLV
through holes
23 | Add nuts to each bolt, 4 4 1.00 STLV 6 6 1.00 STLV
tightening by hand
24 | Place washers on bolts for 1 05 | 2.00 STLV 1 05 | 2.00 STLV
fourth wheel
25 | Line up first fourth, insert bolts 2 3 067 | ALtoTLV 2 3 0.67 | ALtoTLV
through holes
26 | Add nuts to each bolt, 4 4 1.00 STLV 6 6 1.00 STLV
tightening by hand
o7 | Retrieve T-bar from pallet and 3 4 075 | ALtoTLV 3 4 075 | ALtoTLV
lay on table

IE 420: System Engineering Practicum

Lab Report 3 - Scooter Production

Team members: Matthew Scholze, Kyle Lovett, Bin Ken Pang, Tin Fang Chen

44



HAL TLV analysis (After) Page 2 of 2
Left Right
No Task (after)
HAL NPF Ratio Results HAL NPF Ratio Results
78 Retrlevg bracket and screws 3 05 6.00 STLV 0 0 0.00 <AL
from bin
29 | Screw bracket into first side 5 6 0.83 >TLV 9 6 1.50 >TLV
30 Flip T-bar 4 3 1.33 >TLV 4 3 1.33 >TLV
31 Retrlev.e bracket and screws 3 ) 150 STLV 0 0 0.00 <AL
from bin
32 | Screw bracket into second side 5 6 0.83 >TLV 9 6 1.50 >TLV
33 Attach T-bar assembly to slide 4 3 133 STLV 4 3 133 STLV
support
34 Position T-bar assembly over 4 3 133 STLV 4 3 133 STLV
board assembly
35 | Screw firstside of T-bar 5 6 0.83 STLV 7 6 117 STLV
assembly into board assembly
36 | Screw second side of T-bar 5 6 0.83 STLV 7 6 1.17 >TLV
assembly into board assembly
37 Detach scooter from slide 4 5 0.80 STLV 4 5 0.80 STLV
support
38 | Sand edges of board 7 6 1.17 >TLV 8 7 1.14 >TLV
39 Move scooter from work station 5 5 1.00 STLV 5 5 1.00 STLV
to pallet
Average 1.09 >TLV Average 0.98 >TLV
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7.6. Outline of operations

Outline of operations corresponding to the precedence diagram, and used in line balancing.

Task T denotes standard time for each task. Cum. T denotes the cumulative standard time

of the operations thus far.

Index

[ < T L = T

=
=]

11
12
13
14

16
17
13
19
20
21
22
23

24

26
27
28
29
30
31
32

EE]

34
35
36
37

Operation
Move plank from palletto work station
Clamp right side of plank to table
Clamp leftside of plank to table
Line up drill template on 1st corner
Drill 4 holes on 1st corner
Line up drill template on 2nd corner
Drill 4 holes on 2nd corner
Line up drill template on 3rd corner
Drill 4 holes on 3rd corner
Line up drill template on 4th corner
Drill 4 holes on 4th corner
Removeright clamp
Remove leftclamp
Place board on fixture
Addwashersto bolts
Insertboltsinto holesin board
Align flipping fixture over board
Flip board
Place wheels on each set of bolts
Manually tighten nuts on first wheel
Manually tighten nuts on second wheel
Manually tighten nuts on third wheel
Manually tighten nuts on fourth wheel

Flip assembly back over

Retrieve T-bar from palletand lay ontable
Retrive bracket and screws from bin
Screw bracketinto firstside

Flip T-bar

Retrive bracket and screws from bin
Screw bracketinto second side

Attach T-bar assembly to support

Paosition T-barassembly over board assembly
Screw firstside of T-bar assembly into board assembly

Screw second side of T-barassembly into board assembly

Detach scooter from support
sand edges of board

Move scooter from work station to pallet

Task T (s)
4.4
5.5
3.3
3.3

20.9
3.3
16.5
3.3
17.6
3.3
17.6
3.3
3.3
2.2
27.5
16.5
5.5
3.3
15.4
28.6
28.6
28.6
28.6

28.6
6.6
3.3
8.8
2.2
3.3
8.8
4.4
5.3

6.6

6.6
3.3
33

5.5

Cum. T (s)
4.4
9.9

15.4
18.7
39.6
42.9
59.4
62.7
80.3
83.6
101.2
104.5
107.8
110
137.5
154
159.5
162.8
178.2
206.8
235.4
264
292.6

321.2
327.8
331.1
339.9
342.1
345.4
354.2
358.6
364.1

370.7

377.3
380.6
413.6
419.1

Preceded By

[T R T - A L R = T

=
Q

L
w

211

12,13

14,15
16
17
13
19
19
19
19

20,21,22,23

25,26
27
28
29
30

31,24

32

32
33,34
35
36
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