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Abstract: The paper includes the description of the tests on the time consumption of the operations performed at the
workstation for assembling and disassembling bus engines. The paper presents the method called ChronFoto_RC which was
used to analyse the workstation. Then, the authors proposed to improve the workstation with a specially designed mobile scissor

lift. The summary presents the assessment of this solution.
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Streszczenie: W artykule zawarto opis badan czasochtonno$ci operacji wykonywanych na stanowisku pracy przy montazu
i demontazu silnikéw autobusowych. Przedstawiono metode ChronFoto_RC, ktéra zostata wykorzystana do analizy stanowiska
pracy. Nastepnie autorzy zaproponowali usprawnienie stanowiska pracy za pomoca specjalnie zaprojektowanego mobilnego
podnosnika nozycowego. W podsumowaniu przedstawiono ocene tego rozwigzania.
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Introduction

The assembly technological process is the final stage
of the production process during which the elements are
joined according to a series of logically planned actions in
such a way that the assembly units and the final product
can meet specific technical requirements proposed by the
construction engineer.

One of the main tasks performed during the design
of the assembly technological process is to determine
the correct sequence of operations as well as their
duration time. Faced with strong market competition, an
increasing number of types, variants and an increasing
complexity of products, a modern assembly company
requires continuous improvement of both the organization
and technological flexibility of systems, especially the
automated, robotic and hybrid ones [3, 6].

Measuring the working time of humans in assembly
processes is used to:

— determine the actual workflow and the manner in
which the work is completed,

— identify losses resulting from the method used
(determining production reserves),

— establish rational ways and methods of working as
well as the necessary time of work completion [7, 8,
10].

Measuring the working time also belongs to the
elements of economical business management. In order
to plan, manage and control the workflow, which are the
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essential activities for implementing a given production
programme, it is necessary to precisely calculate the
duration time of work completion. This calculation is
essential, especially when the duration time is managed
consciously. Out of concern for the worker, it is made
sure that workers performing their work in assembly
departments are able to do it without a significant effort.
The usefulness of testing the working time also results
from the fact that the economical efficiency of the
business (reducing production costs to the minimum) is
possible when the workflow at individual workstations is
organized in a rational manner.

The aim of testing the working time

One of the key factors for improving the work
organization is the technical standardization of work, that
is, determining its optimal workload for the performance of
a given work task in specific organizational and technical
conditions [5].

In modern industry, proper and systematic research
into work is an integral part of managing technical,
technological, organizational and economic progress and
is part of the system of activities aimed at continuous
increase in work efficiency [1].

The aim of the test performed at the workstation for
assembling and disassembling bus engines in the repair
shop of the Municipal Transport Company is to determine
the actual duration of the operation at a normal pace of
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work and to determine the efficiency of the worker (taking
into account working times and breaks). In order to
improve the conditions and reduce the duration time of
assembling and disassembling bus drive units, a model
of a mobile scissor lift was presented.

Methodology of testing the time consumption of operation
by means of the ChronFoto_RC method

The tests carried out within industrial practice
encouraged the authors to try to develop a method of
testing the time consumption of assembling. The method
is based on the combination of chronometric analysis
modules and working-day activity study (working-day
photo). The combination of these two modules resulted
in the development of the ChronFoto_RC program,
equipped with a simple operation menu, that can be
installed on almost any computer.

It was assumed that the suggested method of
testing the time consumption of technological assembly
processes should:

— accurately record working times and rest periods, i.e.
the pace of technological operations,

— assign different types of times to individual elements
of the operation (chronometric analysis module),

— take into account the possibility of calculating the
coefficient (the so-called percentage surplus of
supplementary time) in the working time standard for
the assembly operation (working day photo module).
The criteria to assess the effectiveness of this method,

allowing to obtain satisfactory results quickly and easily,

include:

— accuracy of time consumption measurements,

— short duration time (costs) of taking measurements,

— the ability to analyse measurements of the time
consumption of complex activities (operations).

The most important steps in the application of the
ChronFoto_RC method are as follows: defining the aim
and subject matter of the test, determining the necessary
number of measurements; dividing the tested activity into
its elements; carrying out measurements; performing
a chronometric sequence analysis which involves the
rejection of values significantly different from the average
by means of the so-called coefficient of chronometric
sequence content; assigning types of working time to
sections of the operation (process); selecting and adding
time consumption categorised by type; compiling the
sums of the types of time consumption; evaluation of
worker productivity and compiling the sums of the types
of time consumption in the form of a graph [2].

Description and characteristics of the workstation for
assembling and disassembling bus engines

The assembling and disassembling process in the
repair shop of the Municipal Transport Company is
performed when:

— the bus is intended for scrapping,

— the engine has broken down and it is impossible to
repair the failure without removing the engine,

— the engine had a complete failure, preventing its
further operation.

The measurement of the working time during the
assembly of the bus engine involved the following
activities:

— collecting data on activities performed by workers
while assembling selected engines; measuring the
working time of assembling the engine included one
team of mechanics who performed their work in
a closed hall (it had two repair lines) (Fig. 1),

— dividing the analysed activity into elements; the
assembly operations performed while the engine was
being assembled are presented later in the article,

— determining the testing method and the scope of the
activity being tested; it was agreed with the manager
of the repair shop that the new method, ChroFnoto_
RC, would be used for the measurement of the
working time,

— establishing boundary points; the boundary points are
understood as distinct and easily noticeable moments
when individual elements of the procedure start and
finish; as a general rule, the same point is both the
end of the previous element and the start of the next
one,

— setting the time and date of the measurements; the
time and date of the measurements were agreed with
the manager of the repair shop; the measurements
were taken from 06:00 to 14:00,

— carrying out measurements; it was agreed with the
manager of the repair shop that the time of individual
activities would be measured with stopwatches (with
an accuracy of one second); at the same time, the
results of the measurements will be transferred to the
forms prepared in advance,

— compiling observation results and performing their
analysis; after the measurements, the results of the
observations were shown to the manager of the repair
shop.

Fig. 1. Workstation for assembling and disassembling
engines
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Fig. 2. Mounting the engine to its compartment inside the bus

Detailed assembly operations for the bus engine are
presented below (Fig. 2), (the authors’ own idea on the
basis of the data obtained in the tests):

— assembling the engine, mounting the clutch,

— mounting the gearbox to the engine,

— mounting the engine to the compartment,

— mounting the drive shaft,

— assembling the exhaust system,

— making the electrical connections for the alternator,
automatic gearbox, sensors,

— connecting the water pump and cooling system pipes,

— connecting the diesel fuel supply system,

— connecting pneumatic system hoses, air supply
turbine,

— replenishing the fluid in cooling system of the engine
and gearbox,
— mounting the rear beam (bumper).

The ChronFoto_RC method was used to measure the
working time during the assembly of the bus engine and
the obtained data was recorded on:

— measurement sheet ZE 2 (Fig. 3) and (Fig. 6),

the appendix (Fg. 4),

diagram (Fig.5).

Measurement Sheet ZE2 (Fig.3) contains a list of
assembly operations, as well as the results of individual
measurements of the technological assembly process.
The ChronFoto_RC program was used to calculate
the value of unit times tj, i.e. the production rate L, the

= ez x
New Edition Save Print Summary End
- reterence T
Ne assembly operations renstoge influencing factors zy 2 3 4 5 L 7 L G 10 = 1
count 0] [min
assembling the engine, mounting the distance, L ' 1008 | te0on ) %a.00 0,00
1 cutch & g 2 1 ight [ . 24189 | 242.02 | 20055 241,67
weight ¥ .22 | 866.06 | 453.93 |2120.13 24LET
L . 100.00 100.00 e
2 mounting the gearbox to the engine 1 distance, u ¥ 2457 o | 2052 24,30
weight ¥ | 26544 | 890,63 | I517.82 | 214465 24.30
distance. L . 100.00 | 100.00 | 100.00 09.00
3 mounting the engine to the compartment 1 : ¢ u . 4122 | 405 | 4rsz 41.25
weight r_ | 30633 | 93185 | 1558.97 | 2186.47 ALES
P 1 distam:e, L .| 180.00 100 00 100.00 100.00 SEA
mounting the drive shaft i L1 3538 | 2488 ) 25.23 -
g weight ¥ 957.23_| 58376 | 221169 SSEL
5 L X woon | wooe | 10000 100.00
5 assembling the exhaust system 1 d'sfance’ W . 6484 | 5402 | 6505 64,59
weight F_| 39665 | 022.07 | 1647.78 | 127674 £4.59
making the electrical connections for the distance, - 20 _1 10000 1 100,00 1 10500 .00
[ 5 1 3 i . 4486 | 45352 | sa95 45.09
alternator, automatic gearbox, sensors weight ¥ 67 | 066,93 | 165330 | 232169 1309
connecting the water pump and distance, L - 100.00 | 100.00 | 100.00 ==
7 i 8 X i 1 5 [ : 3388 | 3562 | 3498 35.46
cooling system pipes welght ¥ 477.02 | 1102.81 | 728.92 | 156,61 3546
diﬁtﬂ fice L w00.00 100.00 10000 100.00
8 connecting the diesel fuel supply system 1 T . M 5056 | 43.98 | 49.85 50.18
weight F 527.35 | n53.37 | w7e.90 | 0650 so.18
i i . . L 1wo.00_| 100.00_| 180.00
] connectin tic syst: 100.00
h kel pweiurr;a it 1 dlsfance, [0 4s88 | 4398 | 4802 48.78
b oS Ao A wreight r_| 57360 | 20223 | w2e.0e |msess 4878
lenishing the fluid in th i i L | wo.00 | wo.0o | 10000 —
10 replenishing the fluid in the cooling 1 distance 5 sse8 | 3688 | 368z 36.78
system of the engine and gearbox ¥ " 1239.13 | 186573 | 249036 T
distance L 100.00 | 100.00 | 109.00 100.00
1 mounting the rear beam 1 u 1z7e | 1285 | s 12.55
¥ 125191 | 87858 | 2503 9 12.55
n=4 k=1 sum of times in eycle tz 627.74 | 626.67 | 62533 50391
suma t
Tz zr = 625.98 Distraction Rz 3,57 zuma Rz
625.98
Rz s¢ = 357 z = [Az 3¢ / tz 51)" 100% = 0,57 e= 1% e = 5%

Fig. 3. View of the measurement sheet ZE2 for assembling the bus engine
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= Addition X
New Chart Print End
Nr assembly operations i types of working time [min.]
G Vsk Vv Vp Er N F

1 assembling the engine, mounting the clutch 241,67 241,67
2 mounting the gearbox to the engine 2430 24.30
3 mounting the engine to the compartment 41.25 41,25
4 mounting the drive shaft 25.34 25,34
5 assembling the exhaust system 64.59 64.59
6 making tha alectrical connacticns for tha altarnator | 45,09 415,09 AZ
T connecting the water pump 35.46 35.46
8 connecting the diesel fuel supply system 50.18 5018
9 connecting pneumatic system 48.78 48,78
10 replenishing the fluid in the cooling system 36.78 36.78
n mounting the rear beam 1255 12,55
12 intervals in the course of work (rest breaks) | 15.12 15.12
13 :::;::sl:tl.r;::; course of work (work-related 14,24 14,24

Sum 625.99 | 15.12 14.24 1] ] 1] 0 655.35

Fig. 4. View of the Appendix sheet for assembling the bus engine

sum of unit times per cycle tz, the range Rz and the
coefficient of dispersion z. On basis of the data given
above, the setpoint value € was determined by means
of the nomogram. Then, on the sheet "Appendix" (Fig. 4),
individual types of time were assigned to the sections of
the tested technological assembly process.

In the next stage of the technological assembly
process (Fig. 5), the surplus percentage of the time and

[2]

worker productivity were calculated and the percentage
shares of individual types of time for one shift were
presented graphically. The following parameter symbols
G, Vsk, Vsv, Vp, Er, N and F were adopted on the basis
of REFA[8, 9]

The performed measurements show that the
productivity of workers in the repair shop is 95.52%. This
result should be considered satisfactory.

™ chart X
Z2 Print End
7, =2t v100% =—To __+100% 231
I AZ-(V+En) ¥ the percentage share of time in one work shift
z, =Ce v100% 227
5 5 8
z L W ¢ R
T A AT LB * 0.00
By g e, P&, 459
worker productivity % = 95,52
G Vsv Er F
625,99 15.12 14,24 0 1] 0 o

Fig. 5. View of the chart sheet for assembling the bus engine [2] ((V, — material, fixed supplementary time, V, — material, variable

supplementary time, V, — personal supplementary time, G — main
time)
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- [r2]
Print End

Z2

time consumption calculation sheet - ChronFoto_RC method

reference number

page

work task assembly MAN
Order Number: Count: Department: MPK:
Date: 08.02.2021 r. Start time: 6:00 Finish time: 14:00 Duration time: 8h
Consitt: 4 Count: 1
Types of working time
main time 62536
rest time 0.00
supplementary time 6280
other time additions 0.00
unit time 68858
target time 0.00
preparation-completion time 0.00

Technology and methods of work

Bus engine assembly

Subject Designation | Materiaf Initial State Figure Number | MawisiNumser | Dimensions, shape, weight
matter of engine GG12 good : | 1
work
Name Fersonal Number| m f age Period of performing similar tasks | Period of performing the tested task

Worker Swobodny 15 52 27 years
i Designation, typ Count |Number| Year | yochnica| date, state of means of production
production | Toolbox !

Assemblywarkbench 1
Comments:
Compiled: Checked: Date: Important:

Fig. 6. View of the sheet Z2 for assembling the bus engine [2]

The proposal for the improvement of the assembly
workstation for bus engines

In order to improve the assembling and disassembling
of bus engines, a model of a mobile scissor lift was
designed (Fig. 7), which replaces the currently used
forklift.

The frame to which the scissor lift unit is attached
has been designed as a welded structure using c-profiles
(C-channels). An electrically controlled hydraulic cylinder
that allows the scissor lift to rise as well as the wheels
of the trolley bolted to the frame were selected from the
catalogues [4].

For the analysis of the lift itself, the engine weight was
assumed to be 750 kg, whereas for the calculation of the
trolley structure, the weight was assumed to be 1000 kg
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Fig. 7. The model of the scissor lift
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(where 250 kg is the weight of the lift and 750 kg is the
weight of the bus engine). For the calculations for the
output stroke of the hydraulic cylinder, the weight was
assumed to be 2000 kg, and for its lowering, 1200 kg.
The minimum height of the lift is 360 mm, the maximum
— 550 mm; the height of the trolley — 437.8 mm, the
trolley with a lift — 797.8 mm (minimum height), 987.8
mm (maximum height).

Below there are the results of the strength analysis
performed in the SolidWorks program (Fig. 8 — 13):

The maximum nodal stresses of the lift do not exceed
175 MPa at the connection of the sleeve and the guide
(Fig. 8)

"

Fig. 8. Nodal stresses of the lift

The maximum value of the static deformation of the
lift is 0.000635 (Fig. 9).

L

Fig. 9. Static deformations of the lift

The maximum value of the lift structure displacement
under the load is 9.78 mm (Fig. 10).
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Fig. 10. Static displacement of the lift structure

TECHNOLOGIA | AUTOMATYZACJA MONTAZU nr 2/2021

As for the static analysis of the lift structure frame, the
maximum nodal stress is 67 MPa (Fig. 11).

Fig. 11. Nodal stresses of the trolley structure frame

The maximum value of the static deformation of the
trolley structure is 0.000225 (Fig. 12).
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Fig. 12. Static displacement of the trolley structure

The maximum displacement of the frame of the lift
frame structure (Fig. 13) under load is 1.11 mm and it is
most visible in the centre of the frame.
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Fig. 13. Static displacement of the trolley structure frame

The main objectives of the designed trolley for
assembling and disassembling bus engines primarily
include:

— an increase in productivity and, at the same time,

a reduction of production costs,

— a more effective use of the available working time,

— stabilization and regularity of the assembling /
disassembling process, enabling a more accurate
productivity planning,
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— an improvement of the organization and working
conditions.

Summary

The workstations for disassembling accessory-
equipped engines found in city transport buses require
precise and safe repair operations. The efficiency of
this process and the number of people involved in it are
equally important.

In the repair shop of the Municipal Transport Company,
the process of replacing the accessory-equipped engine
is currently performed by means of a forklift truck. This
process lacks sufficient precision and therefore requires
a greater number of auxiliary procedures. The ability to
precisely position the engine during the replacement is
lower.

The presented model of a mobile scissor lift will
enable efficient and safe assembling and disassembling
of bus drive units. Significant advantages offered by the
proposed device include the ability to lift the engine of
a considerable weight and of asymmetrically located
centre of gravity as well as the ability to adjust the height
in a considerably smooth manner.
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