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LEAD TIME REDUCTION IN MANUFACTURING
PROCESS OF TOOTHED PARTS

Abstract: In manufacturing automotive industrial components, the reduction of machining time
and operation spare time detected in the cutting operations can be realized by the modification of
technological parameters. However, reduction in the total component manufacturing lead time can
be realized to a great extent by re-organization of the production process to eliminate unnecessary
waiting periods (e.g. storage, in-process storage, etc.). In our study the total lead times of two
different types of components were analyzed by mapping the process in a detailed way. The rate of
waiting time within the lead time was analyzed; the theoretical and the measured lead times were
compared and the effect of operation sequence on lead time was analyzed. Using these calculations
and also measurements the problematic operations were identified and suggestions for process
improvement were made.
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1. INTRODUCTION

One constant and cardinal issue of manufacturing is the continuous
increase of productivity. The reasons behind this tendency are the continuous
increase in consumption, the decrease in costs and competition among
companies [1].

In all cases one significant issue is how much time is required to carry out
order-based production, or the time needed for a single specified component
manufacturing task. However, the question can be reversed: how much time
consumed unnecessarily can be eliminated from a manufacturing process, i.e.
is there unnecessary storage, material handling or waiting before starting the
subsequent operation? These are called waste times [2, 3]. In Lean-focused
manufacturing, which is currently typical in the automotive industry, each
activity that creates no added value for the customers is called waste [4, 5]. In
one of our former studies, analyses for the lead time of hard machining gears
were carried out [6] in which the aim was the optimization of operation times.

Here, the analysis of the machining process of two components was
performed. The process is a matured one and its operations are carried out with
the latest manufacturing equipment and machine tools by perfectly-equipped
workers. A lot size is between 60 and 300 components. In such cases 1 or 2
minutes per piece or even a one-second decrease in time consumption can
make a difference [7].
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Time consumption is one of the most important parameters of the
manufacturing process. In this paper the component manufacturing lead time is
analyzed. This parameter is influenced by many factors. However, it is
essential because there is a strong relationship between it and the expenses, and
hence the first cost of the product. When improving the manufacturing process
one goal is the reduction of lead time [8].

One of the most significant components of production lead time is the
operation time. Its value tends to gradually decrease. If merely the machining
of case hardened components of a transmission system is analyzed, a
remarkable change can be observed. Over the years the number of hardened
surfaces and the tools and procedures (grinding, hard turning, joint procedure)
applied for machining them have been modified. As a result of these changes
the lead times have decreased remarkably. The aim of our study is to analyze if
there are possibilities for further reduction of lead time from a process
organization point of view after these significant developments.

Both the theoretical and actual (measured) values of lead time were
determined and compared. Based on the rates of these values the operations in
which the greatest differences were found were selected and possibilities for
decreasing this ratio were determined.

The general definition of lead time is the period between receipt of the
raw materials and the sale of the finished goods [4, 9, 10]. In practice the
following three lead time categories are the most frequent: component
manufacturing, production and total lead time (Fig. 1). Hereinafter only the
manufacturing lead time is analyzed.

Manufacturing lead time is the period between the first manufacturing
activity connected to a given order and the beginning of the sales process
(finished goods storage is not included in this period). The start point of
production lead time is the start of technical preparation. The start point of total
lead time is the same and the end point is the end of sales operations.

There is a fourth category: series lead time. Within the manufacturing
lead time it refers to one series (a given lot size, identical components). The
series lead time is the period in which a production item (lot, series) is finished
in a technological phase [12]. Manufacturing a product starts with the
machining of the elementary items (components) and then these are connected
to each other (assembly). A transmission system is built up from components
and/or subassembly units. Joining these elements to get a functional, saleable
product takes place in the assembly process. In this paper the lead time of
manufacturing process is analyzed by mapping it for two different components.
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Figure 1 — Structure of the types of lead time [12]

Manufacturing of the analyzed components is characterized by mixed
operation sequence (Fig. 2). In this case calculation of lead time (T.y) is the
following [13]:

Toe=to+ (=D () 6= 1) @

where to, is the sum of operation times necessary to finish a component; n is
the lot size; ty is a high operation time between two lower; t; is a low operation
time between two higher.

This formula can be used for calculating the theoretical lead time of the
production of the analyzed components.
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Figure 2 — Calculation of lead time in case of mixed operation sequences [13]
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2. METHODS
The analyzed components are parts of two transmission systems (a
countershaft and a gear wheel). In the analyzed series the number of
countershafts is 60 and the number of gears is 216. The current values of the
operation times were available in the SAP ERP system used in the plant where
the components are produced. Theywere used for determining the lead time.
Conditions and limitations of the study:
e No possibilities were looked for to decrease operation times of
machining by technology improvement.
e The reasons for waiting were not analyzed (e.g. machining another
component or series on the subsequent workstation).
¢ In the hardening operation other components are being hardened at the
same time. When determining the operation time, the specific time of
the analyzed component was not calculated (hardening time divided
by the number of components); rather, the current operation time was
considered.
e Operation times were not defined by the theoretical (calculated)
values, hence no comparison of calculated and measured values was
carried out.

3. RESULTS AND DISCUSSION

In Table 1 and 2 the operations of the components are summarized in
order of occurrence. In Figs. 3 and 4 the sums of operation times of the
components machined in one series are demonstrated (series operation time).

Table 1 — Operations and main activities in manufacturing the countershaft

Sign | Description Sign Description

1 Preparation 9 Media removal

2 Gear cutting 10 Washing

3 Deburring 11 Straightening

4 Tooth cutting 12 Cylindrical grinding
5 Tooth chamfering, deburring 13 Tooth grinding

6 Washing 14 Washing

7 Case hardening 15 Quality check

8 Shot peening 16 Final check

In case of the countershaft the operation time of cylindrical grinding can
be considered as an outlier. In case of the gear a significant outlier is the
operation time value of the 3™ operation (washing) and the 9™ (case hardening).
The reason for these was that not the operation times (of the whole lot) were

160



ISSN 2078-7405. Pizanns ma incmpymenm ¢ mexnono2iunux cucmemax, 2019, sunyck 91

recorded in the system but rather another time that included extra waiting. This
can be considered as incorrect data recording.

Table 2 — Operations and main activities in manufacturing the gear wheel

Sign | Description Sign Description
1 Preparation 9 Case hardening
2 Tooth milling, chamfering 10 Shot peening
3 Washing 11 Media removal
4 Final check 12 Hard turning
5 Preparation 13 Tooth grinding
6 Washing 14 Washing
7 Laser welding 15 In-process quality check
8 In-process quality check 16 Final check
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Figure 3 — Series operation times for the countershaft series

Using the technological documentation available at the plant, the
theoretical operation times of the series (Top:) Were analyzed and then were
compared to the values (Top,c) obtained from the SAP ERP system. The rates of
these values are summarized in Tables 3 and 4 for each operation.

161



ISSN 2078-7405. Pizanns ma incmpymenm ¢ mexnono2iunux cucmemax, 2019, sunyck 91

1524

O W oo ~NOO OB WNPF

Operation[ ]

0 288 576 864 1152 1440 1728
Sequence operationtime, t, 5 ¢ [Min]

Figure 4 — Series operation times for the gear series

Table 3 — Rates of current and theoretical series operation times — countershaft

S .| §| 8 - | &| 5 .| §| 8 o s
g £ | 53| 8 £ | 5] 8| €| 2| 8| £ S
[5) = = [ = = [} = = [ = =
Sl &£l al &6 & | al & & | al & £ o

1 100 | * |5 |08 |* |9 |100 | * |13 |353 |V

2 315 | v |6 |296 |v |10 | 090 | * |14 | 5276 | X

3 | 1761 | X |7 | 1039 | x |11 |076 | x |15 | 6474 | x

4 | 257 |v |8 |343 |v |12 | 3154 | x |16 | 119.06 | x

Legend: s - favorable (0-1.2); v' - realistic (1.21-4); X - unfavorable (>4.1)

The times for deburring, case hardening, grinding, washing after tooth
grinding and the two last quality check operations are considered unfavorable
compared to the theoretical values (10-120-fold values) for the shaft.

In the case of the gear wheel the washing, the final check, the case
hardening and the shot peening operations are unfavorable based on the
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calculated indicator. Process activities besides machining operations were also
analyzed.

Table 4 — Rates of current and theoretical series operation times — gear wheel

S < | S| 5 < | &| 8 .| §| 5 .| S
s £ | 5| 8| €| 8| 8| £ | 5| 8] £ 5
| &£ | al &6 &l al & & | al & & | a
1 100 | % |5 [1.00 | % |9 [3096 | x |13 |207 |~
2 |13l |v |6 |300 |v |10 |[571 | x |14 | 860 | X
3 8467 | X |7 |100 |~ |11 |256 |+ |15 | 158 | v
4 | 560 | x |8 |28 |v |12 [102 | % |16 | 188 | v

Legend: 5% - favorable (0-1.2); v - realistic (1.21-4); X - unfavorable (>4.1)

The thread diagrams of the activities of the production are demonstrated
in Figs. 5 and 6 for the two components. A thread diagram highlights which
activities of the process can be considered as value-creating and which not. The
points of the intermittent line in the first column (machining and other main
operations) indicate the value-creating operations and the remaining points are
for the non-value-creating activities such as logistics, quality checks or waiting.
The quality check and the logistics operations cannot be eliminated; however,
their durations or their frequency can be reduced by process reorganization.
Waiting is a phase that should be eliminated.

The rate of value-creating activities (16) is 0.36 within the number of all
activities for both the shaft and the gear. Rates of waiting times were also
analyzed within the lead time and are summarized in Table 5. It can be seen
that the rate of waiting in the case of the countershaft is 17% and in the case of
the gear it is almost 80%. Both values can be considered as high. Beyond this,
the total value of waiting (Tw) itself is quite high: 61 hours of waiting in the
production process of 60 shafts.

The production process was also analyzed based on the operation
sequence. The production of the shaft and the gear is characterized by the
mixed operation sequence. This includes parallel operations too, which means
that the lead time is shortened.
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# Sign Description # Sign Description
AlB[c|p|E[F AlB|c|p|E|F

1 | Preparation (1) 23 |_te | Waiting

2 | | Storage 24 | & Media removal(9)

3 L | |Conweyance 25 ‘> Material handling

4 :b Waiting 26 <: Bore washing (10)

5 | Gear cutting (2) 27| | ™ Material handling

6 :> Material handling 28 P | Waiting

7 <' Deburring (3) 29 |« Straightening (11)

8 \) Material handling 30 ™ | | Conveyance

9 <' Gear cutting (4) 31 ) Waiting

10 \\\ Material handling 32 Storage

11 be [ Waiting 33 Conwveyance

12 |e] Chamfering, debur. (5) 34 |« Cyl. grinding (12)

13 Conwveyance 35( [ I» Material handling

14 | Washing (6) 36 <: Tooth grinding (13)

15 Conveyance 37| [ D Material handling

16 Storage 38 <: Washing (14)

17 L | |Conweyance 39| | Material handling

18 | Waiting 40 Quality check (15)

19 '<f Hardening (7) 41 Material handling

20 \> Material handling 42 § Final check (16)

21 <: Shot peening (8) 43 h Conveyance

22 M Conveyance 44 Storage

Legend: A — Machining and other main operations; B — Quality check;
C — Material handling; D — Conveyance; E — Storage; F - Waiting

Figure 5 — Thread diagram - countershaft

Table 5 — Rate of waiting time within lead time

Shaft Gear
Waiting time, Tw [h] 61 165
Lead time, Tic [h] 367 209
Tw/TLc [%] 16.75 78.81
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# Sign Description # Sign Description
AlB|c|p|e B|c|p|E

1 |« Preparation (1) 23 L»| Waiting

2 hy Storage 24 rd Conwveyance

3 _»| Waiting 25 |« | Hardening (9)

4 I~ Material handling 26 be Conwveyance

5 c( T. mill., chamf. (2) 27 Shot peening (10)

6 pe Conwveyance 28 ‘> Material handling

7 |« Waiting (3) 29| Media removal (11)

8 Do Conweyance 30 \\\ Conwveyance

9 [ [ Final check (4) 31 be| Wiaiting

10 \\ Conwveyance 32 (e Hard turn, grind. (12)

11 : Waiting 33 Ny Conwveyance

12 [« Preparation (5) 34 e[ Waiting

13 | [storage 35 |« Tooth grinding (13)

14 Conwveyance 36 N Conwveyance

15 D Waiting 37 “be| Waiting

16 [« Washing (6) 38 [« Washing (14)

17 Conweyance 39 D» Conweyance

18 |« Laser welding (7) 40 d Quality check (15)

19 D Conwveyance 41 Material handling

2| [ Quality check (8) 42 Final check (16)

21 N Conweyance 43 A Conwveyance

22 Storage 44 Storage

Legend: A — Machining and other main operations; B — Quality check;
C — Material handling; D — Conveyance; E — Storage; F - Waiting

Figure 6 — Thread diagram — gear wheel

The criteria of good operation sequence is [13]: Ty <<XETw

If the criterion is met, the time efficiency is considered to be good.

The comparison for the two components is included in Table 6. For the
countershaft the time efficiency is good but in case of the gear wheel it is not.

Table 6 — Comparison of summarized operation times (total machining process) and
lead times of the components

Part Tic[h] top [N] Time efficiency
Shaft (60) 367< 431 favorable
Gear (216) 209> 114 unfavorable
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Both the comparison of lead and operation times and comparison of lead
and waiting times indicates that the production process of the gear is less
efficient than that of the countershaft. At the same time the rate of waiting time
within the lead time is relatively high in the case of the countershaft.

4. RECOMMENDATIONS FOR PROCESS IMPROVEMENT

There is a need for a more thorough analysis of the revealed problems of
the processes in order to reduce or eliminate them. Based on the current
analysis the following tasks can be designated:

o Rates of waiting times within the lead times are relatively high
(countershaft production: 16.75%, gear production: 78.81%). The reasons for
these waiting times have to be identified and analyzed. Then process
improvement steps have to be designated.

e Based on the differences between the current manufacturing lead
time and the summarized operation time, the production of the countershaft can
be considered favorable, while the production of the gear wheel can be
considered unfavorable in the plant practice. In the latter case the reasons are
the long waiting times and the relatively long operation times (compared to the
planned ones). This (for the gear) partly confirms the statement made in the
previous point.

o The rates of current and theoretical series operation times are
different in some cases: the measured values of 6 operations (or main
activities) in the countershaft production and 5 in the gear wheel production
can be considered as unfavorable compared to the theoretical values. Based on
these results, an in-depth analysis of the unfavorable operations is suggested.
The reasons for the differences have to be discovered and organizational steps
have to be taken to eliminate them.

e The rate of current and series operation times for the countershaft
in operations is 65 times higher than calculated theoretical values, and at the
final quality check is 65-120 times higher. The efficiency of these activities has
to be studied and process improvement steps have to be introduced.

o Series operation time rates are unfavorable for the washing activity
in several cases (5 activities). Analysis and process improvement are also
needed in these activities.

In the analyzed process the following methods are suggested. These fit
the practice of the plant: cause-effect analysis (e.g. failure tree, 5SW1H), Pareto
analysis, and value analysis. The improvement consists mainly of organization
methods and rationalization steps.

Most of the washing operations are not efficient. The reason for that is the
lack of capacity and the overload of resources. Increasing the capacities and
reorganization would lead to improvement of washing activities.
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On the basis of our estimations the waiting time can be reduced by 25%
for the shaft and 40% for the gear.

4. SUMMARY

The production process of two typical components (a shaft and a gear
wheel) were studied. Our aim was the analysis of the lead time components.
Steps for improving the production process, are suggested to help in the
reduction of lead time. In case of the analyszed components the rates of waiting
time within the processes were relatively high, which resulted not from
technological problems but from organizational shortcomings. The lean
production organization system and toolset is applied in the analyzed plant, so
we endeavored to build these into our analyses and consider them in
recommendations. The next step in both the research and the process
rationalization in the plant is the designation of process phases whose
improvement is urgent (this can be established after ranking the problems).
Next, improvement steps have to be determined and process standardization
can be recommended. Analysis of the production process of other similar
components may result in a clearer overview about process efficiency. At the
same time, results revealed that there are periods in the production process
which could be eliminated not by technological improvements but by process
organization solutions.

This study introduced a method that can serve as a best practice for the
plant to eliminate waste. In summary, it can be stated that the sensitivity of the
method is acceptable because the method explores waste using a complex
approach and is capable of making waste in the production process more
visible.
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Bikrop Mosbhap, lintan [esnot, Snom Kynnpak,
Mikosnbll, YropuHa

SHUKEHHSA YACY TPOLECY BUTI'OTOBJIEHHSA
3YBYACTUX YACTHH

AHoTauis. /Ipu 6ucomosnenni agmomodiibHUX KOMNOHEHMI8 3MEHWEHHS Yacy 06poOKuU i 8i1bHO20
uacy, wo 6UABTAEMbCA 6 ONepayiax pi3aHHsA, Modice Oymu peanizo8aHo WAXOM  3MIHU
mexHonoziunux napamempis. IIpome, ckopoueHHs 3a2albHO20 Yacy BUPOOHUYMEA KOMNOHEHMIE
Modxice Oymu 00CASHYMO 8 3HAYHIU MIPI WAXOM peop2anizayii supobHUY020 npoyecy 015 YCYHeHHs
HenompiOHUX nepiodie o4iky8aHHs (HanpuxiIaod, 36epieanns, soepizcanus 6 npoyeci i m.o.). Y ypbomy
Q0CHIOICEHHI 3A2ANbHUIL YAC BUKOHAHH 080X PI3HUX MUNIE KOMHOHEHMI8 6yiu NpOaAHANi3068aHI
wIAXoM 00KIa0H020 Kapniyeants npoyecy. Cucmema agmomooinbHoi mpancmicii cknaoacmocs 3
Komnonenmie abo ckradanvHux oouHuys. OO0'€OnaHHA yux enemenmis O  OMPUMAHHA
Gynxyionanvnozo mosapnoeo npodykmy 6i06yeacmucs @ npoyeci ckradanns. Y yii cmammi yac
BUKOHAHHA BUPOOHUYO20 NPOYECy AHANIZYEMbCA WIAXOM 3IiCMAGNents 11020 0N 080X PI3HUX
Komnonenmis. Ananizoeani KOMROHEHMU € YACMUHAMU 080X CUCHEM MPaHcMicii (npomidichull ean
i wecmepns). Ilomouni 3nauennsi yacy pobomu 6yau Oocmynui 6 cucmemi SAP ERP,
BUKOPUCMOBYBAHOI HA 3a600i, Oe GUPODIAIOMbCA KOMNOHeHmU | 6yau uxkopucmaui Oas
BU3HAYEHHS Yacy GUKOHANHA 3amo8ienHs. Teopemuunuil i GUMIPAHUI YAC BUKOHAHHA 3AMOBIEHHS
NOPIGHIOBABCS | aHANI3Y8ABCS 0N GUABTEHHS 6NAUGY NOCTIOOBHOCI ONepayill Ha 4aAC GUKOHAMMHS
3aM061eHHA. 34 00NOMO2010 YuxX PO3PAXYHKIG, a4 MAKOJIC GUMIPIOGAHb OYIU 6UAGLEHI NpoOIemii
onepayii i 6HeceHi nponosuyii wooo noninuieHHs npoyecy. Y pasi amanizoeamux KOMHOHeHMI&
NOKA3HUKU YACY OYIKYBAHHA 6CepeOuHi npoyecie Oyau i0HOCHO SUCOKUMU, WO NOACHIOBANOCA
mexnono2iunuMy  npobremamy, a opeanizayitinumu Hedonikamu. Hacmynuum Kpokom AK Yy
docnioxceHHax, max i 8 payionanizayii npoyecy Ha 3a600i € 8uU3Ha4eHHA paz npoyecy, NONINUeHHs
SIKUX € HeGIOKNAOHUM (Ye MOJCHA 6CIMAHOSUMU NICs pandicupyéanis npoorem). [lomim neobxiono
BUBHAYUMU emany Noinwents i pekomendysamu cmanoapmusayiio npoyecy. Ananis npoyecy
BUPOOHUYMBA  THUUX AHATIO2IYHUX KOMHOHEHmMI8 Modce Oamu Oilbul 4YimKe Ys6/leHHS Hpo
eghekmusnicms npoyecy.

KurouoBi cioBa: smenwenns uvacy o6pobku; 6upoOHuuuil npoyec; NociioogHicms onepayii,
ananiz npoyecy eupooHuymea, cmaHoapmu3ayis npoyecy.
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