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Abstrak

Pemeliharaan sebuah pesawat terbang memang perlu manpower yang andal dan bertanggung jawab.
Manpower dan manhour ini sangat dibutuhkan untuk melakukan pemeliharaan terjadwal dan tidak
terjadwal. Pemeliharaan C-Check ini memerlukan waktu yang cukup lama agar pesawat dapat
beroperasi kembali. Oleh karena itu, diperlukan keoptimalan task card pada kelompok personel
maintenance berdasarkan manhour task card yang diperlukan. Simulasi distribusi task card dibutuhkan
untuk mencari kelompok pekerjaan C-Check yang optimum. Metode pada penelitian ini menggunakan
metode Vogel’s Approximation Method (VAM) sebagai perhitungan utama dan Northwest Corner
(NWC) sebagai pembanding, dimana VAM dan NWC ini termasuk di dalam riset operasi. Penelitian
ini bertujuan untuk menyimulasikan pendistribusian task card pemeliharaan C-Check dengan
menyesuaikan manhour kelompok pekerja dan manhour task card yang diperlukan agar kelompok
personel maintenance dapat mengerjakan tugas secara optimal. Hasil analisis yang diperoleh ialah
menggunakan kebutuhan manhour pada kelompok task card sebagai permintaan (demand), kemampuan
tiap kelompok personel maintenance sebagai persediaan (supply), dan faktor pengali antara aktual dan
maintenance program sebagai biaya transportasi. Hasil perhitungan pendistribusian manhour
menggunakan perhitungan vogel’s approximation method (VAM) didapatkan total manhours sebesar
724.5 manhours dan untuk perhitungan northwest corner (NWC) didapatkan total manhours sebesar
902.8 manhours. Sehingga, perhitungan VAM menghasilkan biaya manhour lebih murah dibandingkan
dengan perhitungan NWC.

Kata Kunci: Faktor Pengali; Manhour; Metode Transportasi; Task Card; Vogel’s Approximation Method

Abstract

Maintenance of an aircraft requires reliable and responsible manpower. Manpower and manhour are needed to
perform scheduled and unscheduled maintenance. C-Check maintenance requires a long time for the aircraft to
operate again. Therefore, it is necessary to optimize the task card in the maintenance personnel group based on the
required task card manhour. Simulation of task card distribution is needed to find the optimum C-Check work
group. The method in this study uses VVogel's Approximation Method (VAM) as the main calculation and Northwest
Corner (NWC) as the comparison, where VAM and NWC are included in operations research. This study aims to
simulate the distribution of C-Check maintenance task cards by adjusting the manhour of the personnel group and
the manhour task card required so that the maintenance personnel group can perform the task optimally. The
analysis results obtained are manhour requirements in the task card group as demand, the ability of each
maintenance personnel group as supply, and the multiplying factor between actual and maintenance program as
transportation costs. The results of the calculation of manhour distribution using the Vogel's approximation method
(VAM) calculation obtained a total manhours of 724.5 manhours and for the northwest corner (NWC) calculation
obtained a total manhours of 902.8 manhours. Thus, the VAM calculation results in cheaper manhour costs
compared to the NWC calculation.

Keywords: Manhour; Multiplying Factor; Task Card; Transportation Method; Vogel’s Approximation Method

1. Introduction deviation from when the item/part was new.

Aircraft Maintenance is the process or action to Operationally, to keep the aircraft in a serviceable and
restore or maintain an aircraft system, components, and reliable condition so as to generate revenue. The
structures in a airworthy condition (Mora, 2012). These importance of scheduled maintenance is to overcome
mechanical parts of an aircraft are subject to wear, the failure process (Ackert, 2010).

corrosion, and fatigue which inevitably result in some
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Those who have honesty, kindness, and discipline,
should be able to complete the maintenance work on time
(Britta, 2021). The workers must also be specialized to
work on the maintenance of an aircraft or in other words,
have a special license for aircraft maintenance. The more
manpower a company has, the more manhour that can be
utilized to make aircraft maintenance more efficient
(Pemerintah, 2009). A manhour is the time of a worker
when he is working on a job. Manhour, also called
personhour, is a unit of measure used in project
management to quantify the effort required to complete a
task. 1 manhour equals completed in one hour of
uninterrupted effort by the average worker. Calculating
man-hours is the basis for being able to measure the cost
per project of each type of expert and their contribution
to the outcome. The total man-hours per task is obtained
by multiplying the number of people assigned to a task
by the total time required to complete it (Brian, 2018).
Therefore, a document in the form of a task card is issued
by the company/operator.

Task cards are used as a simple way to comply with
regulations in performing maintenance, as well as
recording maintenance. Task cards contain the Aircraft
Maintenance Manual (AMM) which is used to reference
detailed and concise procedural instructions, so as to
organize and control maintenance activities while
providing a means of ensuring compliance with the
maintenance manual. Task cards are an easy way to
ensure maintenance personnel follow proper procedures
(Kinnison & Siddiqui, 2014).

This research uses Vogel's Approximation Method
(VAM) which is found in the study of Operations
Research. More precisely VAM is included in the
transportation method where the transportation method is
one of the models that can be used in operations research.
Operations research itself is the application of scientific
methods, techniques, and tools to solve problems that
arise in company operations with the aim of finding
optimal problem-solving alternatives (Takdir Syaifuddin,
2011). In other words, finding a solution to a problem in
order to produce a more optimal solution than before.
Operations research is starting to gain recognition as a
useful subject in universities or colleges.

According to Morse and Kimball (1951), operations
research is a scientific method that allows managers to
make decisions about the activities they handle on a
quantitative basis. Meanwhile, according to Miller and
M.K. Star (1960), operations research is a management
tool that brings together science, mathematics, and logic
in order to solve problems faced daily, in the end the
problem can be overcome optimally. In accordance with
the definition above, operations research is concerned
with making optimal decisions in designing system
models that combine probabilistic and deterministic
elements. There are many applications in government,
business, engineering, economics, natural and social
sciences that require limited resources. Operations
research is very useful in dealing with problems, how to

direct and coordinate operations or activities in an
organization with all its limitations through a "search
of optimality" procedure (Meflinda & Mahyarni,
2011).

Meflinda & Mahyarni (2011) stated that
transportation method is a specialized part of the
allocation  process.  Transportation  method
specifically discusses the determination of allocation
from the initial location to the destination with the
aim of reducing allocation or distribution costs as
much as possible. Transportation methods have a
variety of applications, especially in dealing with
problems such as; Delivery schedules from factories
to warehouse locations or marketing areas,
Determination of factory location, Determination of
sales area/region, Production schedule,
Employee/machine assignment, Facility/machine
layout placement, and Selection of projects and sub-
contractors.

The characteristics of the transportation method
includes (Rachman, 2016); a) Goods are moved from
various sources to their respective destinations at the
minimum possible cost. b) The source of the goods
can provide the supply of a fixed amount and each
destination has a fixed amount of demand. Thus, the
amount of demand and supply must be the same.

In this case, to carry out aircraft maintenance,
the airline must be able to distribute task cards to
workers according to the manhours needed to make
the aircraft airworthy. If the task cards are allocated
properly, the workers can also work efficiently. So
this research was conducted with the aim of
distributing task cards to workers adjusted to the
worker's manhour and the task card using Vogel's
Approximation Method as the main calculation and
Northwest Corner as the comparison. VAM is used
because it is the most optimized calculation, unlike
NWC which is the non-optimized calculation within
the transport method (Das et al.,2014). Therefore, the
comparison between the two will have a significant
result.

Theoretically, the distribution of task cards
using the calculation of Vogel's approximation
method will reduce the aircraft maintenance time and
use the worker group multiplication factor for better
efficiency. Practically, it will need so much effort and
discipline to use this method.

Previous research by Mahendra (Mahendra,
2022), explored a similar issue of allocating workers
from multiple maintenance, repair and overhaul
centres to other locations in the same company, with
a focus on airline ticket prices. Finding the lowest and
optimal price can be.

2. Research Methods

The research method used in this study is
Vogel's Approximation Method and Northwest
Corner. Both of these methods are used in the
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transportation method to allocate the suppliers manhour
and the demand’s manhour (Cook, 2022). The
differences of these two are how they are allocated. After
allocating the products according to their costs, each
product is multiplied by its cost and the total cost is
summed up, thus obtaining the minimum total cost of
distribution. The minimum total cost formula for Table
6 is (Tabroni & Komarudin, 2021):

Total Cost = (X11 X Cy1) + -+ +(X;j X Cj) 1)

Destription:
Xij = Allocated/Distributed Manhour
Cij = Manhour Cost

2.1. Vogel’s Approximation Method
Vogel’s Approximation Method (VAM) is one of
the methods often used to find the minimum cost in
transportation problems. This method usually provides a
better solution than other methods (Kartika et al., 2019).
The steps of this VAM method are as follows:

1. Find the two lowest costs from each row and
column. Set the differences of the two lowest costs.

2. Select the largest cost difference in the row or
column. If there is the same largest difference, then
select the smallest distribution cost.

3. Allocate as many products as possible, adjusted for
supply and demand in the cell that has the lowest
cost in the row or column that has the largest cost
difference.

4. Rows or columns that have been filled in cannot be
re-included so delete the full row or column.

5. Perform steps 1 to 4 again, so that all products are
allocated according to supply and demand.

2.2. Northwest Corner
The Northwest Corner (NWC) method is one of the
most commonly known transportation methods. This
method requires the calculation to start at the top left of
the table and allocates units by looking at the supplies and
demand’s (Kartika et al., 2019). The steps are shown as
follows:
1. Spend the supply in each row before moving to the
next row.
2. Spend the demand of each column before moving
to the next column on the right side.
3. Re-do steps 1 to 2, so that all products are allocated
according to supply and demand.
4. Ensure that all supplies and demand’s have been
fulfilled.

2.3. Flowchart
The following are some of the steps that will be
taken in the implementation of this research:

Start

Data Collection

ii0

Boeing 737 MAX 8
Maintenance Planning Document

o

L | Manhour Calculation Simulation

Boeing 737 MAX 8
Task Card — Task Card

I
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Job Grouping
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Calculation Results Analysis
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i

Figure 1: Study Flowchart
This research stage is a complete explanation of
the research flowchart described above, with the
following explanation:
1. Starting the research
Research begins with the identification of a
topic to be researched. The title of the study is then
determined by looking at the formulation of the
problem that is the focus of the research, as well as
looking for appropriate methods through discussion
with the supervisor. A literature review is also carried
out to find relevant theories and to broaden the
understanding of the topic to be researched.
2. Data collection
Once the research topic has been identified, the
next step is to collect data to help the research find
answers to the problem formulation. The data
collection process is carried out by observing the
maintenance planning document and C-Check
maintenance task card data for Boeing 737 MAX 8
aircraft.
3. Data simulation and grouping
At this stage, the raw data from the C-Check
maintenance task card is grouped based on the
components of the Boeing 737 MAX 8 aircraft
(fuselage, empennage, wing, landing gear, engine).
The maintenance personnel assigned to these aircraft
components are also grouped. The distribution cost is
then determined by applying a multiplication factor to
the manhour cost.
4. Data calculation simulation
The fourth stage is the calculation process of the
maintenance personnel group manhour and the
manhour from the C-Check maintenance task card.
This calculation process is carried out to determine
the similarity of the maintenance group manhour
determined with the manhour from the C-Check
maintenance task card. Simulations use Vogel's
Approximation Method and Northwest Corner to
determine the optimality of the maintenance group
allocation.
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5. Analysis of data calculation
The analysis carried out is to compare Vogel's
Approximation Method with Northwest Corner to
determine the optimality of the allocation of maintenance
personnel groups. Comparison of Vogel's Approximation
Method with actual manhours on the entire collection of
task cards.
6. Conclusions
The final stage is to draw conclusions based on the
results of the research carried out in accordance with the
research objectives.

3. Results and Discussion

This section describes collecting, simulating, and
grouping data obtained to solve the problem and find the
results accordingly.

3.1. Data Collection

The data sources that have been collected are
Maintenance Planning Document (MPD) manhour
data and task card manhours that have been done or
performed at Company X. This data contains various
information including MPD estimated manhours,
actual manhour task cards that have been done, as
well as descriptions and numbers. This collection of
C-Check task card data is used to determine the
manhours required for C-Check maintenance. The C-
Check task card is used because it contains a lot of
manhour work, so it can be used to allocate
maintenance personnel groups.

The following is a comparison of manhours
between the Maintenance Planning Document (MPD)
and the Task Card of Company X Table 1 below:

Table 1: Comparison of Manhours MPD and Task Card

TASK CARD C-CHECK B737-8

No. Task Card No. Task Card Description Est. Man Hours ~ Actual Manhours
1 737M-20-151-00-02-MLI ~ FUNCTIONALLY CHECK THE LIGHTNING/HIRF 0.83 2.07
PROTECTION COMPONENTS (BY PERFORMING A
LOOP RESISTANCE TEST) ON THE RIGHT REAR SPAR
OF THE MAIN LANDING GEAR
2 737M-20-171-00-01-MLI  INSPECT  (DETAILED) THE LIGHTNING/HIRF 1.40 175
PROTECTION COMPONENTS ON THE LEFT STRUT
MID FAIRING. THUMBNAIL FAIRING. INBOARD AND
OUTBOARD OVER WING FAIRING FOIL-LINED
PANELS AND UNDERLYING FOIL-LINED FAIRING
SUPPORT STRUCTURE
3 737M-20-171-00-02-MLI  INSPECT  (DETAILED) THE  LIGHTNING/HIRF 1.40 175
PROTECTION COMPONENTS ON THE RIGHT STRUT
MID FAIRING. THUMBNAIL FAIRING. INBOARD AND
OUTBOARD OVER WING FAIRING FOIL-LINED
PANELS AND UNDERLYING FOIL-LINED FAIRING
SUPPORT STRUCTURE
4 737M-20-174-00-02-MLI  FUNCTIONALLY CHECK THE LIGHTNING/HIRF 0.51 3.30
PROTECTION COMPONENTS (BY PERFORMING A
LOOP RESISTANCE TEST) IN THE RIGHT SIDE APU
COMPARTMENT
It can be seen in Table 1 above that there are 21
: ; Air Conditionin S 3.95 10.33
categories which have been grouped together for ease 23 9
of reading. Estimated Man Hours and Actual Man Communications 2 4.50 7.25
Hours are used to simulate the manpower and 26 g 8.01 24.00
manhours of maintenance personnel. Task Card Fire Pf2°7teai°” ' '
Number and Task Card Description are used to find out Flight Controls 48 90.10 132.94
which tasks can be grouped using the ATA chapter. 28
8 8.84 16.76
Fuel
3.2. Job Simulation and Grouping 29 6 21.00 17.67
. . . . Hydraulic Power
After collecting the data in Section 3.1, the jobs 31
are then grouped based on the data collected. The jobs Indicating/Recording 3 0.75 4.60
are grouped by ATA chapter to facilitate the grouping System
of simulations. The following groups of jobs have been Landi?é Gear 8 14.41 33.90
grouped by ATA chapter in Table 2: 34
> 5 2.32 8.91
Navigation
Table 2: Groups According to ATA Chapters 35 2 750 10.00
ATA Chapter Task Estimated Actual Oxygen
Cards Manhours Manhours . 49 . 5 0.91 5.63
20 Auxiliary Power Unit
Standard Practices - 14 3357 43.49 D52 15 50.09 3413
00rs

Airframe
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53 47 66.32 70.79
Fuselage
o4 10 28.06 40.54
Nacelles/Pylons ' '
55
Stabilizers 16 14.09 4285
56
Windows 2 1.26 375
S 58 73.09 162.38
Wings ' '
70
Standard Practices - 8 16.72 16.03
Engines
72. 6 15.30 1741
Engine
8 47 139.44 159.80
Exhaust ) )
Total 323 600 864

After grouping by the ATA chapters, it can be
seen that the total number of task cards obtained is 323,

the total number of estimated manhours obtained is 600
and the total number of actual manhours is 864.
Estimated manhours and actual manhours have
different meanings, namely estimated manhours to
complete the work based on the Maintenance Planning
Document (MPD) data from Company X, and actual
manhours are real manhours when maintenance
personnel perform the work and record the results of
their work.

The work is grouped in more detail by setting the
work area. The work areas defined for performing
calculations and simulations are Wing, Upper Fuselage,
Lower Fuselage, Empennage, Engine and Landing
Gear. The work areas used are the majority of those
contained in the task cards in the MPD. The work areas
grouped for each of the estimated and actual manhours
and their totals are shown in Table 3 below:

Table 3: Groups According to the Work Area

Component Area Wing Upper Fuselage

Lower Fuselage Empennage  Engine

Landing Gear

Task Cards 71 45
Total =323

Estimated Manhours 85 76
Total = 600

Actual Manhours 183 81
Total = 864

72 46 80 9
141 43 229 26
189 95 282 34

Estimated manhours is what will be used for
simulation calculations in this study, while actual
manhours will be used for comparison in calculating
simulation results. Therefore, the estimated manhours
of the aircraft component area is what needs to be done
(target), so it becomes the demand.

3.3. Maintenance Worker Simulation and
Grouping
There are 5 (five) groups of personnel to be used
in this research (Alpha, Beta, Charlie, Delta and Echo)
containing different personnel positions, namely Junior
Mechanic, Senior Mechanic and Engineer. The Junior
Mechanic, Senior Mechanic and Engineer included in
this grouping are the simulation results of the manhours
of each personnel to carry out this research simulation.
The manhour of each personnel is simulated as 1 person
working for 5 working days. During 1 day, the staff
works for 6 hours, so 1 staff has a total of 6 manhours
per day. This means that for 1 week, 1 personnel has a
total of 30 manhours per week, so the supply manhour
is 30 manhours each. This manhour applies to all staff
in this simulation. The staff groups total 20 manhours,
as detailed in Table 4 below:

Table 4: Maintenance Worker Groups

Position Group_
Alpha  Beta Charlie Delta Echo
Engineer 1 1 1 1 1
Senior Mechanic 1 1 1 1 1
Junior Mechanic - 4 3 1 2
Total = 20 2 6 5 3 4

Supply Manhour 60 180 150 90 120

After knowing the manhour in each group, the
maintenance personnel group is what is needed to do
the work (origin), so that it becomes the supply.

3.4. Multiplier Factor as Cost

The cost of maintaining an aircraft is made up of
the cost of manhours and the cost of materials.
Manhour cost is the number of manhours multiplied by
the duration of the work. The calculated duration of the
work is based on the actual duration of the work. The
actual duration of the work is not necessarily the same
as the planning based on the maintenance programme,
this difference can be called a multiplier factor. For
example, if the maintenance planning for 1 type of
work is demonstrated by 2 people for 1 hour, it becomes
2 manhours. It turns out that during implementation it
is still done by 2 people, but the implementation time
becomes 1.5 hours (1.5), so the actual manhour is 3
manhours. This multiplier factor has several factors that
affect the skills and abilities of the personnel, then the
performance, the location of tools and materials to the
workplace. The multiplier factor uses decimal numbers
with values from 1.0 to 2.5 with a multiple of 0.1
(Materiedu9999, 2023).

These multipliers were simulated using Microsoft
Excel software to find random values in each cell of the
row and column. The Excel function used to find these
values is shown in Figure 2:
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Miultiplier Factor wing ‘ Upper Fuselage | Lower Fuselage Empernage Engine Landing Gear

Deta 12 20 19 24 10 10

Figure 2: Excel Function

The random function (=RAND()) is used to
randomly find the values of the multiplier to simulate
the manhour cost. The numbers 2.5 and 1 are the limits
used in this multiplier simulation. The number 1 is the
lower limit which indicates that the worker is proficient
in his work and the number 2.5 is the upper limit which
indicates that the worker is less proficient or has
minimal ability and skill in his work. Thus, the
multiplier factor as a manhour cost can be simulated as
shown in Table 5 below:

Table 5: Multiplying Factor as Manhour

Multiplier Factor Wing Upper Fuselage ~ Lower Fuselage  Empennage  Engine  Landing Gear

Alpha 1.0 25
Beta 1.6 2.2
Charlie 15 11
Delta 1.3 2.0
Echo 1.9 21

1.8 13 2.0 1.7
1.0 11 14 2.5
1.6 2.5 2.1 24
1.9 2.4 1.0 1.7
2.5 1.7 1.4 13

The Alpha group has faster skills and abilities in
the wing work area because they work on the wing area
more often, so the multiplier factor is small (1.0)
compared to the others. In the upper fuselage work area,
there is a Charlie group that has faster skills and
abilities than other groups. For the lower fuselage work
area, there are several groups that can do it faster, but
the Beta group is the fastest. There is also an
empennage work area where the Beta group can do the
work faster, so the multiplier factor is only 1.1. In the
engine area, there is a Delta group that has faster skills.
The ability and skill that is qualified on the landing gear

is only for the echo group with a multiplier factor of
1.3.
3.5. Transportation Method Calculation

After determining the grouping of labor as
demand, maintenance personnel as supply, and
manhour as cost, the calculation method can be known.
Simulation of manhour calculation using 2 (two)
methods, namely the main method of Vogel's
approximation method and its comparison with the
northwest corner method. Simulation of transportation
method calculation requires data on demand, supply
and manhour cost as shown in Table 6:

Table 6: Transportation Table

To ) ) Supply (Manhours')
From Wing Upper Fuselage|Lower Fuselage| Empennage Engine Landing Gear Warker Groups
1.0 2.5 1.8 2.0 1.7
Alpha Kawi | Kaur | Karr ‘ Kaen ‘ Kuen | Kale | 60
16 22 1.0 1.1 14 25
Beta Kawi | Xaur | Kar ‘ Ko en ‘ Kaen | Xale | 180
15 11 16 25 21 24
Charlie Xew | Xeur | Xerr ‘ Xeen ‘ Xeen | Xele | 150
1.3 2.0 1.9 24 1.0 1.7
Delta Xow | Xour | Xorr ‘ Xogn ‘ Xoen | XoLe | 90
19 21 25 17 14 13
Echo Kewn | Keur | Kerr ‘ Kegen ‘ Xegen | Xele | 120
Demand (Manhours )
Task Card 85 76 141 43 229 26 600
Description :
X = Number of manhours to be allocated
A = Alpha Group WI = Wing
B = Beta Group UF = Upper Fuselage
C = Charlie Group LF = Lower Fuselage
D = Delta Group EM = Empennage
E = Echo Group EN = Engine
LG = Landing Gear

3.6. Vogel’s Approximation Method Simulation
This section first explains the VAM distribution
calculation using the term conditions. These conditions
are included in the first distribution calculation and will
explain the process of using the Vogel's Approximation
Method (VAM) distribution calculation. There are 6
conditions that must be followed in this VAM
distribution calculation.

The first condition is to know the supply and
demand and the cost of each cell. Table 7 shows the
first condition of VAM as follows:
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Table 7: First Condition of VAM

Vogel's Approximation Method (VAM)
P10 Wing |Upper Fuseiage|Lower Fuselage| Lmpemage |  Logne Landing Gear *“Q’;‘;(Z‘:::u'i‘:;“ Diference
Apha i 25 18 13 20 17 6o
Bela i 22 10 1" 14 25 180
Gharte 15 11 16 25 21 24 150
Deta 13 20 19 24 10 17 %
Echo 19 21 25 17 14 13 120
D”'mr";’s;’(’iigm =) 8 76 141 ) 220 26 600
Diflerence.

Table 8 below shows the second condition of
VAM, which can be seen 2 minimum costs and the
difference. In the first row, we can see that the minimums
are 1.0 and 1.3, so the row difference is 0.3.

Table 8: Second Condition of VAM

— 1o

b1 | wng Juppe ruseinge]over Fuseiage] Empermage | Frone Landing Gest Difererce

Alpha. 10 25 18 13 20 17 03
Bela 16 22 10 11 14 25 180
Chaite 15 I 18 25 21 24 150
Deta 13 20 19 24 10 T %
Leto 19 21 28 17 14 13 120

Dermand (Warhous) & 7 141 4 229 % 600

Diflerence ‘

The next table shows the third VAM condition,
where the row and column are filled with the difference,
just as in the previous condition. Here is Table 9 for the
third VAM condition:

Table 9: Third Condition of VAM

T 12 [ v [upper ruseige]Lomes Fuseage] emperae | enane | Landng cear Difererce
Alpha 10 25 18 13 20 17 o3
Bela 16 22 10 11 14 25 180 o1
Chate is 11 15 25 21 24 150 04
Della 13 20 19 24 10 T o0 03
Echo 1.9 21 25 1.7 14 13 120 01
Demnd \ornous) g5 76 141 43 729 2 600
Diflerence 03 os s 0z 04 04

The next step is to calculate the largest difference
from the previous table. In the fourth condition table of
VAM, Table 10, the largest difference is 0.9 (the
difference between the lowest cost of 1.1 and 2.0) in the
upper fuselage column as demand and there is the
cheapest cost in the Charlie row.

Table 10: Fourth Condition of VAM

e e e R
aupra 10 25 18 13 20 I 60 03
Bela 16 22 10 11 14 25 180 01
Charlie 15 11 16 25 21 24 150 o4
Deta 13 20 13 24 10 I % 03
Lo 19 21 25 I 14 13 120 o1
Demard (Marhous)| g 7% 141 4 229 2 00

After obtaining the fourth condition, the next step is
to make the first allocation to cell Xc ur, Which is 76
manhours, as shown in Table 11:

Table 11: Fifth Condition of VAM

; ;-T\‘-LD\ wing Upper Fuselage | Lower Fuselage | Empennage Engine Landing Gear 5“{2’3’;;’:“&1;@;‘“ Difference
Apha 10 25 18 13 20 17 &0 03
et 16 22 10 1 14 25 180 01
Charie 15 11 i 25 2t 24 150 04
Detta 13 20 19 24 0 17 an 03
Echo 19 21 25 7 14 13 120 01
Demand [Hianfours us ] 141 4 220 % 600
Dierence 03 09 06 0z 04 04 Xeuw=T8

For the sixth condition (Table 12), because the
upper fuselage column as demand has been met
(previously 76 manhours), the column is deleted and
the Charlie row as supply was previously 150
manhours, leaving 74 manhours.

Table 12: Sixth Condition of VAM

N r;ér;" -‘?., Wing Upper Fusslage| | ower Fuselags| Empennage Eogne | Laniing Gea ”‘(:7‘:':,_‘?”?““*::;“'“ Difference.
Alpha i 18 13 20 17 & 03
Bela 18 10 1 14 25 180 o1
Crame 15 18 25 21 24 " o1
Delia 13 19 24 10 &3 £ 03
Echo 18 25 17 14 1a 120 ol
Demana (Mamhous) g5 1 o 229 2 524
Diflerence ua 08 02 04 04 ‘

After performing the above conditions, the next
is to calculate the rest of the VAM distribution which
is carried out similarly to conditions 1 to 6 above and
is done until the calculation is complete.

The calculation of the VAM distribution will
then be shown briefly. The following is Table 13 for
the calculation of the second distribution:

Table 13: Second Calculation of VAM

To Supply (Manhours )

o Wing | Upoer Fuselage Lower Fuselage| Empennage Engine | Landing Gear | S0 (e ] Diference
Apha 10 18 13 20 17 0 03
Beta 16 10 11 14 25 180 01
Charie 15 16 25 21 24 10 LX)
Deta 13 19 24 10 17 % 03
Eeno 19 25 I 14 13 120 01
,,,,,,,, (Nanbours )| I . .
Task Card 85 41 43 229 26 24
Difference 03 08 02 04 a4 Ky =141

In Table 13 above is the calculation of the
second distribution of VAM, which shows the lower
Fuselage column as the demand. It can be seen that
the smallest are 1.0 and 1.6, so the column difference
is 0.6. Shows the largest difference in the lower
Fuselage column as demand and there is the cheapest
cost in the Beta row. The second allocation in cell
Xg,Lr is 141 manhours. Because the Lower Fuselage
column as demand has been met, the column is
removed and the Beta row as supply was previously
180 manhours, so there are 39 manhours left.

Table 14: Third Calculation of VAM

Sugply (Manhouwrs |

S " - " i -
[ Wing | Upper Fuselage Lower Fusclage|  Empennage Engine | Landing Gear | S5 [P Diference
Apha 10 13 20 17 &0 o3
Bela 16 11 14 25 0 03
Charie 15 25 21 24 7 13
Dela 13 24 10 17 20 [k
Echo 19 17 14 13 120 01
Dermand (iankours ) 2
Task Card 2 43 229 26 383
Diference 03 02 04 04 =74

In Table 14 above is the calculation of the third
distribution of VAM, which shows the Charlie line as
the supply. It can be seen that the smallest is 1.5 and
2.1, so the row difference is 0.6. Shows the largest
difference in the Charlie row as supply and there is
the cheapest cost in the Wing column. The third
allocation in cell Xcwi is 74 manhours. Because the
Charlie row as supply has been met, the row is deleted
and the Wing column as demand was previously 85
manhours, so there are 11 manhours left.
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Table 15: Fourth Calculation of VAM

Table 18: Seventh Calculation of VAM

~—__ 1o " - ) - - Supply (Manhours|
e 10 Wing | Upper Fuselage| Lower Fuselage| Empennage Ergine | Lanting Gear | SR 87O Diference

—__ T " ool wer Fuselage.
[ Wing |Upper Fuselage| Lower Fuselage

Empennage

Engine | Landing Gear

Waorker Groups

Supply (Manhours )

Difference

Apha 10 13 20 17 &0 02

Apha

20 48

Beta 18 11 14 25 a9 03

Chariie

Beta

Charie

14 £

Deta 13 24 10 17 o0 03

Delta

Echo 19 iN 14 13 120 01

Dermand {Wanhours

-| 4 223 » 209
Task Carg o

Difference 03 02 04 04 Ko ex=20

Echo

Demand (Manhours )
Task Card

Difference

In Table 15 above is the calculation of the fourth
distribution of VAM that shows the Engine column as
demand. We can see that the smallest are 1.0 and 1.4, so
the column difference is 0.4. The largest difference is
shown in the Engine column as demand and the cheapest
cost is shown in the Delta row. The fourth allocation in
cell Xppe is 90 manhours. Because the Delta row as
supply has been met, the row is deleted and the Engine
column as demand was previously 229 manhours, so
there are 139 manhours left.

Table 16: Fifth Calculation of VAM

wing  [Upper Fuselage | Lower Fuselage

o

— Supply (Aanhours |
From e

Worker Groups
Apha 10 13 20 17 0 03

Empennage Engine Landing Gear Difference

In

Table 18 above is the calculation of the

seventh distribution of VAM, which shows the Alpha
row as the supply. It can be seen that the smallest is
1.3 and 2.0 so the row difference is 0.7. Shows the
largest difference in the Alpha row as supply and
there is the cheapest cost in the Empennage column.
The seventh allocation in cell Xaewm is 43 manhours.
Since the Empennage column as demand has been
met, the column is removed and the Alpha row as
supply was previously 49 manhours, so there are 6

manhours left.

Table 19: Eight Calculation of VAM

et 16 11 14 25 as 03

Charie

Delta

Echo 19 I8 14 13 120 03
Dermand (asiious | | a 138 2 218

Difference 06 02 0 04 ‘ Xpw=11

In Table 16 above is the calculation of the fifth
distribution of VAM, which shows the Wing column as
demand. It can be seen that the smallest are 1.0 and 1.6,
so the column difference is 0.6. Shows the largest
difference in the Wing column as demand and there is the
cheapest cost in row Alpha. The fifth allocation in cell
Xawi is 11 manhours. Because the Wing column as
demand has been met, the column is removed and the
Alpha row as supply was previously 60 manhours, so
there are 49 manhours left.

Table 17: Sixth Calculation of VAM

Supply (Manfoers)
Worker Groups

——__To
From .

Apha 13 20 17 49 04

Wing  |Upper Fuselage Lower Fuselage| Empernage Engine | Landing Gear Difference

etz 11 14 25 £ 01

Charlie

Deta

Echo o 14 13 120 01

Dermand (anious | 20
Task Card 43 138 20 208

Difference 02 0 04 X 16=26

In Table 17 above is the calculation of the sixth
distribution of VAM, which shows the Landing Gear
column as demand. It can be seen that the smallest is 1.3
and 1.7, so the column difference is 0.4. Shows the
largest difference in the Landing Gear column as demand
and there is the cheapest cost in the Echo row. The sixth
allocation in cell XgLc is 26 labor hours. Since the
Landing Gear column of demand has been met, the
column is removed and the Echo row of supply was
previously 120 manhours, leaving 94 manhours.

- Wing  |Upper Fusclage| Lower Fuselage

Empemage

Engine | Landing Gear | 4008 TR

Supply (Manhours )
e

Difference

Apha

20 6

20

Bela

Charie

14 30

14

Delta

Echo

Demand (Mantours )

Difference

In Table 19 above, the calculation of the
distribution of the eight VAMSs shows the last column,
which is the Engine column, as demand. The column
difference is 0 and the row differences are 2.0, 1.4 and
1.4. Since this is the last distribution calculation, the
remaining cells Xaen are 6 manhours, Xgen is 39
manhours, and Xgen is 94 manhours.

Since this is the final distribution calculation,
simply enter the manhours for each cell in Table 6 to
calculate the total minimum distribution cost. Table

20 shows the final

results

of

the Vogel's

Approximation Method distribution calculation from

Table 7 through Table 19.

Table 20: Final Results for VAM

= T " — N - Supply (Manhours )
o Wing  |Upper Fuselage Lower Fuselage| Empennage Eraine | Landing Gear | 5P (Manhowr
Ao 11 [0 25 8| 4 L3 ] 5 [20 17 -
etn 6 22 | 1, 10 T 5, L1 25 oy
Charlie 74 16| 75 11 [ 18 75 [ 21 [ 24 e
Defla [13] 20 [1s ] [24 [ g 10| 17 ] a0
. o] 71 (25| 47 o 18] 5 L1 .
”A’m”z :"g‘:;’u”“"’sl 85 7 141 13 229 2 00

Below is Table 21, which shows the simplified
results of the VAM calculation results table in Table
20. With the explanation that the Alpha group is
working on the wing area with a manhour distribution
of 11 manhours, the empennage with 43 manhours,
and the engine with 6 manhours. It is then multiplied
by its manhour costs of 1.0, 1.3, and 2.0. And so on
with other groups to get the total cost. After that, the
total minimum cost of distribution can be calculated.
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Table 21: VAM Manhour Cost

By using the formula (1), the total distribution cost
of manhours for Vogel's approximation method
calculation is 724.5 Manhours.

3.7. Northwest Corner Simulation

The first step in using the Northwest Corner (NWC)
is to distribute the top left corner first in terms of supply
and demand. The NWC should first deplete its supply,
when it is depleted, move to the next row. Second,
deplete the demand, when it is depleted, move to the next
column. Continue to deplete supply and demand in the
above manner until they are all depleted. The following
table shows the result in a simplified form.

In Table 22 below, we see that the upper left corner
is the Alpha row as Supply and the Wing column as
Demand, which is filled with 60 manhours, so the Alpha
row as Supply is fulfilled and must move to the bottom
row. Therefore, the Wing column, which previously
contained 85 manhours, is left with 25 manhours.

VAM Work Area | Manhour Distribution | Manhour Cost Table 24: Third Calculation of NWC
W\ng 11 1.0 ‘;;;;“\\ v wing  |Usper Fuseiage|Lower Fusclage| Empenrase Ergire | Landing Gear |SUPPY WANIOWS)| geroing
P o0 10 25 ] e | [E| Czo | ISR 0 o
Alpha Empennage 43 13 Beta 25 L1875 127 | Lo} i | [z5] 180 79
Engine 6 20 — e T T Tz Tz Tz - =
o | Beta Lower Fuselage 141 1.0 o [ [z [ie| [z ] AN -
2 Engine 39 1.4 [ BT [y NS [y T R O T R T I et T
& |charie [ng r 15 . T
Upper Fuselage 76 1.1
Delta |Engine 90 1.0
Echo |ENgine 94 14 In Table 25 below, the Beta Supply row and the
Landing Gear 26 1.3 Bottom Fuselage Demand column are filled with 79

manhours, so the Beta Supply row is fulfilled and
must move to the bottom row. Therefore, the lower
fuselage column, which previously had 141
manhours, is left with 62 manhours.

Table 25: Fourth Calculation of NWC

—__ " - —  [Suppiy (Mamnos)| o
[ Wing per Fusciage | Lower Fuseiage| Empernage Ergre | Landingear | S WA Remaning
Apha &0 i 25 ] [ 5] i3] [20 ] A7 ] 50 0
Beta 25 1B | 45 [22 | 7y [0 ] L] Loe ] [zs ] 180 )
— B [ s S T2 T2 o, P
o = 75 K 7 0 T % "
. s 7 75 i i i3 120 0
Demand Wankous)l g [ 141 43 229 F 500
Remaining 0 0 62 e} 220 26

In Table 26 below, which shows the Charlie
row as Supply and the Lower Fuselage column as
Demand, 62 manhours are filled, so the Lower
Fuselage column as Demand is fulfilled and must
move to the right column. Therefore, the Charlie row,
which previously had 150 manhours, is left with 88
manhours.

Table 26: Fifth Calculation of NWC

Table 22- FiI’St Calculation Of NWC ;;;_"*\. e Wing  |Upper Fuselage| Lower Fusciage| Empernage Engine | Landing Gear |60 MAMOUS )| pormaiing
. Apha a0 0| 5] 5] ] 20 ] ] a0 o
North West Corner (NWC 55
- : ( ) T Beta 25 18 7% 22 70 10 11 14 25 180 0
o Wing Upper Fuselage| Lower Fuselage| Lmpennage Engine Landing Gear | 1 :’ZHH” Remaining p— s (13 | g 18 25 T2t [t o "
10 25 18 13 20 1r i
Aha o L0 80 [} 55 5
Bela [1E 2z 10 [ [ 14 [2s 150 - Delta [z ] [2a 19 24 10 17 w w
_ - Echo 18 2.1 25 17 14 13 120 120
Chante | ] 6] [25] 2] [za ] 150 150
Demand {lanhours | 85 76 149 3 220 2% 500
Detta 13 20 19 24 10 1r 90 %0 Task Card N
Remanning o o 0 3 22 2
. [ [z [z IE s [IEE . o
Demand (Hanhours | - N P
Task Card 85 76 141 43 229 26 600
Remanning b3 ) Ta1 I 75 F

In Table 23 below, the Beta row for Supply and the
Wing column for Demand are filled with 25 manhours,
so the Wing column for Demand is fulfilled and must
move to the right column. Therefore, the Beta row, which
previously had 180 manhours, is left with 155 manhours.

In Table 27 below, the Charlie row as Supply
and the Empennage column as Demand are filled with
43 manhours, so the Empennage column as Demand
has been fulfilled and must move to its right column.
Therefore, the Charlie row, which was previously 88
manhours, is left with 45 manhours.

Table 27: Sixth Calculation of NWC

Table 23: Second Calculation of NWC Tl Wing | Uoper Fusslage |Lower Fuselage| Empervage | Engine | Landing Gear | 5P U ) Remaping
e Wing per Fusciage|Lover Fuscage| Empernage | Engine | Landing Gear | PP U7 Remarning Apha w0 0] Lzs] [BEE [BER [BEN [ a0 o
Apha e 0] Tz Tas Tl Tz Tar] w0 f Beta 2 L8] gy L2z g L] L] Lol [2e] 4y 0
Bea | 2 Lo L2z ] R L [BEER [EELE 180 155 Charie [ L] g T8 ] g T 28 [21 Lad 150 15
Gharie == [ [ [z X [EeR) 150 150 Deta L [ze e [z [ o w0 w0
Deta Ltttz el Tzl Tl Tar] w0 %0 Echo Lee | Lz | Lzs] L i [EEET 120
Echo e | 21| B L] 14 s ] 120 120 Demand (ffantos)| —gq . I - 0 Py w00
Dcmr;ascﬂf:fmum 8 " 1 43 220 26 800 Remaining o o 0 0 229 26
Remaining 0 ] RED] 43 220 26

In Table 24 below, the Beta row as Supply and the
Upper Fuselage column as Demand are filled with 76
manhours, so the Upper Fuselage column as Demand is
fulfilled and must move to the right column. Therefore,
the Beta row, which was previously 155 manhours, is left
with 79 manhours.

In Table 28 below, the Charlie row as Supply
and the Engine column as Demand are filled with 45
manhours, so the Charlie row as Supply is fulfilled
and must move to the bottom row. Therefore, the
Engine column, which previously contained 229
manhours, is left with 184 manhours.
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Table 28: Seventh Calculation of NWC

e Wing  |Upper Fuselage| Lower Fusciage| Empernage Engine | Landing Gear | S4Bl (MAMRUs)| porygining
P P T 25 | EEN| ] 2] L] a0 0
e 25 i8] 55 L2z | 4 Lo 1 [ ] L2 ] 180 0
p— [ 15 (] g e | g Tzs | 5 T2 [ 24 160 0
P 13 0 e [24] | L] w0 %0
oo e 21 25 Lo 14 [ISEN 120 120
Demand Hankours) 85 76 141 4% 220 2 500
Remaining 1] 1] 1] 0 184 26

In Table 29 below, the Delta row as Supply and the
Engine column as Demand are filled with 90 manhours,
so the Delta row as Supply is fulfilled and must move to
the bottom row. Therefore, the Engine column, which
previously had 184 manhours, is left with 94 manhours.

Table 29: Eigth Calculation of NWC

— 1o

o) Wing  |Upper Fuseiage|Lower Fuselage| Empennage Ergine | Landing Gear | S IMA71005)) Remaining
Apha 60 10 [ 18] 3] 20 7 o "
Beta 25 16 76 22 70 10 11 14 25 180 o
p— s I O TR PO T P ) - .
Deta T (2] (5] T[22l [0 T - -
Echo [re | ] [2s ] i [E] 1 o 0
Demand Wanfousll s 6 141 “ 229 = 00
Remaining 0 0 0 ] 94 26

In Table 30 below, the Echo row as Supply and the
Engine column as Demand are filled with 94 manhours,
so the Engine column as Demand is fulfilled and must
move to the right column. Therefore, the Echo row,
which previously contained 120 manhours, is left with 26
manhours.

Table 30: Ninth Calculation of NWC

——__ 1o

o Wing  |Upper Fuseiage|Lower Fuselage| Empennage Ergire | Landing Gear | 5k MN0US) pomaining
Apha s 10 ] [ [IEEN s BT i a0 [
Bea 25 L1835 [22] 59 LT0 | [ [En L 180 [
Charie [i8 [ g THE ] 45 T25 | 45 [ 20 [[24 150 0
Delta 13 20 19 24 @ 10 17 %0 o
oo 1o 21 22 1| gy L2 13 120 =
Demand (Wanhoursll g 6 141 “ 229 = 00
Remaining 0 0 0 0 0 F

In Table 31 below, the Echo row as Supply and the
Landing Gear column as Demand are filled with 26
manhours, so the Landing Gear column as Demand and
the Echo row as Supply are satisfied. Therefore, this tenth
distribution calculation is the last distribution calculation.

Table 31: Tenth Calculation of NWC

T e Wing | Upper Fuselage| Lower Fuselage| Empemage Ergire | Landing Gear | PP (MAMIOUS) g ing
From e Warker Growps
Apha 60 10 25 18 13 20 17 a0 0
Beta 25 L6 | 45 22| 54 [0 1 14 25 180 o
Chaie [ T o L8] 4 [25] , [t (22 e o
. 5] 70 o 73| o 10 7 w "
Echo [IEED 21 [=zs 7 o 4 % 3 120 0
Demand Manfoursl g % 141 43 220 2 00
Remaining 0 0 0 0 0

Since this is the final distribution calculation,
simply fill in the manhours for each cell in Table 6 to
calculate the total minimum distribution cost. Table
32 below shows the final result of the distribution
calculation for the northwest corner from Table 22
through Table 31.

Table 32: Final Results for NWC

—___ To " . - Supply (Manhours )|
o T Wing Upper Fuselage | Lower Fuselage| Empennage Engine Landing Gear |08 U Groups
Aoha a0 L 10 ] [25 | s | [13 ] [z0 | 7] 0
Bela a5 08 | 45 (22 49 [0 ] I e ] [z ] 180
Charie Lis [ T1E ] 45 [ 25 [ 4 T 2f [24 150
Defta 13 20 19 24 90 10 17 9
Echo 19 21 25 17 o1 14 26 13 120

ng’”’,’:i;";:‘;’:f““’s' 85 76 141 43 229 26 00

Below is Table 33, which shows the simplified
results of the NWC calculation results table in Table
32. With the explanation that this NWC calculation
works the Alpha group on the wing area with a
manhour distribution of 60 manhours, after which it
is multiplied by its manhour cost of 1.0. And so on
with the other groups to get the total cost. The total
minimum cost of the distribution can then be
calculated.

Table 33: NWC Manhour Cost

NWC Work Area Manhour Distribution | Manhour Cost
Alpha |Wing 50 1.0
Wing 25 16
Beta |Upper Fuselage 76 2.2
. Lower Fuselage 79 1.0
3 Lower Fuselage 62 1.6
g Charlie| Empennage 43 25
Engine 45 21
Delta |Engine 90 1.0
Engine 94 1.4
Eeho | Canding Gear 26 13

By using the formula (1), the total distribution
cost of manhours for northwest corner calculation is
902.8 Manhours.

3.8. Analysis Result
The results of this analysis are based on the
results of the Vogel's Approximation Method (VAM)
and Northwest Corner (NWC) calculations in the
previous section, which can be seen in Table 34
below:
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Table 34: VAM and NWC Analysis Results

VAM Work Area | Manhour Distribution| Manhour Cost | Manhour Total
Wing 11 1.0
Alpha [Empennage 43 1.3
Engine 5] 20
a | Beta Low.er Fuselage 141 1.0
3 Engine 39 14 7245
= Wing 74 15
O | Charlie
Upper Fuselage 76 1.1
Delta |Engine a0 1.0
Engine 94 14
Echo Landing Gear 26 1.3
NWC Work Area Manhour Distribution | Manhour Cost | Manhour Total
Alpha |Wing 60 1.0
Wing 25 16
Beta [Upper Fuselage s 2.2
. Lower Fuselage 79 1.0
2 Lower Fuselage 62 16 9028
° .
5 Charlie] Empennage 43 2.5
Engine 45 2.1
Delta |Engine a0 1.0
Engine 94 14
Echo Landing Gear 26 1.3

The VAM calculation gives a total of 724.5
manhours and the NWC is 902.8 manhours. The
difference in the calculations is 178.3 manhours,
therefore the VAM method produces an optimum value
because the C-Check work can be completed in a
shorter time. Hangar task card assignments are
generally based on the availability of manpower and
task cards that are ready to be completed, so the
Northwest Corner Method approach is more similar.
The use of VAM for optimization is expected to result
in a more optimal and efficient work time.

In the Maintenance Planning Document (MPD)
data, there is a collection of task cards performed by
maintenance personnel totaling 864 actual manhours.
These results are compared to the results of the VAM
and NWC calculations. The C-Check work is
completed 139.5 manhours faster when the VAM
calculation is used. With the NWC calculation, the C-
Check work gets an additional 38.8 manhours, so it
increases the work time.

There are advantages and disadvantages to
calculating maintenance manhours using the VAM
method when implemented with a multiplier factor as
the manhour cost. The advantages are that the VAM
calculation shows the results of the manhour cost faster
than the actual manhours on the task card collection,
and the VAM calculation shows the lowest cost results
compared to the NWC. The disadvantages are; this
method can be done if the value of the multiplier factor
is accurately known. It is necessary to collect data from
previous C-Check experiences for each group of
personnel in order to calculate the multiplier value.

4. Conclusion

The conclusions obtained after performing
simulations and calculations is carried out by using the
manhour requirement in the task card group as the
demand, the capability of each group of maintenance
personnel as the supply, and the multiplication factor

between actual and maintenance programs as the
transportation cost. From the results of the analysis of
the optimum allocation using Vogel's Approximation
Method, the calculation results obtained are 724.5
manhours and for the Northwest Corner calculation
obtained by 902.8 manhours, so there is a difference of
178.3 manhours, thus the calculation of Vogel's
Approximation Method obtains optimum results.

Based on the research that has been done, the
suggestions that can be given for further research are,
the calculations in this study only simulate existing or
non-actual problems, so this research needs to be
developed again with actual cases based on how they
are distributed in the airline hangar. Future research can
use different transportation methods or multiplying
factor data.
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