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The production process for the TPH (Thermal Print Head) product is
distributed across multiple buildings, resulting in significant inter-process
material transportation. These transfers generate waste in terms of time,
labor, and internal logistics costs. Material flow is not standardized, and
the workstation layout is not optimized. As a result, duplicate effort,
limited traceability, and reduced production efficiency are observed.

Inter-process material transportation is performed manually and
frequently requires moving materials between buildings through internal
connecting corridors, resulting in:

Additional transportation time
Waiting time between operations
Hidden costs associated with indirect labor

The inconsistent arrangement of workstations creates inefficient material
flows, making it more difficult to standardize the production process

The project directly supports several critical success factors defined in

the company's strategic plan, including:

* Increasing production efficiency by reducing waste associated with
inter-process material transportation;

* Reducing internal logistics costs and improving operator time
utilization;

» Creating the foundation for standardized material flow and visual
management;

* Improving production flow and enabling future production line
reconfiguration to support expansion or automation.

TPH (Thermal Print Head)
Production Line
Alpha and Bravo Buildings
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2. Target setting

Trend analysis:

« Identify and eliminate non-value-added activities in the CP 2" and CP 3" processes.
* Reducing waste associated with material transportation between the ALFA and BRAVO buildings.

* Proposing a consolidated production line layout to increase efficiency and improve flow.

Target:

CURRENT
_ UNIT BASELINE | TARGET STATE

Production Time sec/pc

PERIOD week27 week38 week38
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3. Team building

Names and duties of people

Team photo

Viktor Ivanov Planning Leader
Tihomir Mechanical
Bozhenishki Engineer

Daniela Nikolova Team Leader
Hristo Ninov Capacity Specialist

Madzed Madzed Plant Manager

Industrialization

Tsvetozar Ivanov i
Engineer

Meeting dates:
Every Thursday
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« Materials are transported manually between
the buildings.

 The transportation takes place between the
ALFA and BRAVO departments.

No value is added during this transportation

;

: L] i -3 8 o "t = “—
l —) =
| A31-29 .g - - o N |7—‘
z gzl |2 z <
(E el |2 : : |
I, [ ast-2s | A31-25 ',E A31.33 |A31.34 > Workstation 1: Plummer
2 2 dNE 2 i Installation onto
e 7 nlE P | 5
if M N 3 A -1 P EATSINK for CP2”
. EORE OB L 2 SERE
5 S & s = [T
| A31-21 | 1 A31-3T g :
& n ]
2
g w 4
=
m
A31-02 | A3103 | A31-04 | A31-05 a 5 A31-11 | A31-12 | ﬁ31v13] A31-14
| E AE 5 3 ]z zz
: &% , |28]¢ 3E 3|a z
|j g i D
g Production A31 §_

L4
=3 = DX == = X == t
- = = I—-r—M == I—B— l—u— = = l-u— —u—[“ = = J —n—” —n"— ':a I l I f;_.ﬂ APS Engineering
the future

The production process for the TPH product begins in the Alpha
department.
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4. Current state analysis

Layout CP2"" and CP3”

Workstation 4 and |
FFC Cable Soldering
and Electrical Testing

Workstation 2 —
Head-to-Radiator
Gluing for CP2”

Workstation 3
and 5 - UV glue
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The subsequent steps of the production process are carried out in the
BRAVO department.
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TOP 1 PROBLEM

Inter-process material transfers are carried out manually and often involve
moving between buildings through internal passageways, resulting in
additional transportation time.

AonbnHutenHo Bpeme 3a TpaHcnopT MeTpu [lonbnHUTENHO Bpeme 3a TPaHCMOPT, MeTpu/6poi

Pasctosinne mexay crpagute ALFA n BRAVO 13.2 60

(Npes3 BbTpeLLeH Kopuaop) ' 50

JonbnHUTENHO Xo0AeHe Mexay oTaenHn paboTHn o5 8 40 39.0
CTaHLUKN i 258

O6LLO M3MMHATO Pa3CTOsIHME Ha NPOAYKT 39.0 20 13.2

10 I I
| Cpegna ckopocT Ha xopeHe ¢ ToBa 1.2m/cek | 0
pen P /2] P , PasctosHne mexay [onbnHUTENHO X0OeHe O6LWo N3MMHaTo
crpagute ALFA n BRAVO wmexay oTaenHn paboTHM  pa3cTosiHMEe Ha NpoayKT
3arybeHo BpemMe Ha eguHuLLa nopaaun (Npes BBTpeLIeH kopuAop) cranim
ry P AvHuLa nopaa 32.5cek
BbTpPELUEeH TPAHCNOPT

| MoauweH npou3BoACTBEH 06em 25 0006p |

O6wWwo BpeMe 3a AONbIIHUTENEH TPAHCNOPT 226 4aca

O6wo nsry6eHun rop,uu.u-lompa(sgmm AHn!
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BpeMeHa 3a npon3soacTteo Ha TPH - no onepauum
BpemeHa 3a npou3BoacTso Ha TPH - no onepauun 60
Otaen Onepauus Bpeme 50
P cek/6pon
A31 | Inserting rubber dampers 17 40 38 a6
B21 |Gluing head to radiator 38
B21 |UV gluing and edge curing 19 30
B22 |Soldering FFC cable 36
B21 |Additional UV glue application 19 20 . 19 19 20
B22 |Electricaltest 20
10
* MpouechbT e pusnyecku pasaeneH mexxay aoHute ALFA n BRAVO
0
Inserting rubber Gluingheadto UV gluing and Soldering FFC ~ Additional UV Electrical test
dampers radiator edge curing cable glue application
A31 B21 B21 B22 B21 B22
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Phase 1

Phase 2

Phase 3

Phase 4

Data collection and time
studies

Rearrangement of
workstations according to
the new production line
layout

Final time studies,
production line
observation, and operator
training

Target setting and process
standardization

Weeks 27-29

Weeks 33-35

Weeks 3638

Weeks 36—-38

Process Engineer /
Planning

Maintenance / Planning

Process Engineer /

Planning

Process Engineer /
Planning
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Racks for Empty Returnable Containers —
Wasted Production Floor Space

Area for Empty Boxes and
Carts — Wasted Production
Floor Space
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Coordination and Cross-
Functional Collaboration to Build
the New Infrastructure




B
oy i

gt Problem Target Team Current Root cause Implementation of Target-result .
H_‘:} I selectior> setting > building > state - analysis > solution control Standardization Deployment 55

AN 5. Project plan

Collaboration with the Maintenance
and Engineering Teams to

Rearrange the Production Line and
Calibrate the Equipment
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5. Project plan

New Layout CP2” and CP3” %
:Tjgfiztlfnnstla:llation Workstation 2 — Workstation3 ~ Workstation 4 2FFC\oristation 5 -
Head-to-Radiator and 5— UV glue Cable Soldering Electrical Testing
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Layout of the New Consolidated TPH CP2" and CP3" Production
Line
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New Consolidated Production Line
for TPH CP2" and CP3", Enabling
Parallel Production of Both
Products
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BEFORE

Each test result is manually
entered into an Excel
spreadsheet.

seconds per module.

Now, a single button on the
same screen automatically
records the result, saving 3
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CATEGORIES * Method - Lack of standardized flow
OF CAUSES * Materials — Inter-operator transfers
* Machines/Equipment — Poor workstation layout
* People — Additional labor and effort
* Environment - Processes distributed across different buildings

Root Cause Analysis — Fishbone Diagram

Method — Lack of standardized flow
- Non-optimal workstation layout

Materials — Inter-operator transfers

Generation of - Difficult traceability

Inter-Operator
Transfers Losses

Machines — Suboptimal use of equipment

People — Duplication of effort

~ - Additional labor during transport
Wl

Environment — Processes distributed across different buildings

a “'
- ‘ANALYS|S - Time and logistics losses
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8. Target- result control

n Process Consolidation Across Different Buildings

e Consolidate production processes — if possible, combine critical steps within one building or zone.

e Create mini-production cells (cell manufacturing) — equipment that supports the entire process flow from start to finish,
not just one operation.

¢ Introduce internal conveyor systems or AGVs (Automated Guided Vehicles) — reduce transport time and the need for labor.

¢ Optimize the layout — arrange workstations according to the production process logic (U-shaped flow or flow lines).

E Time, Labor and Logistics Losses

e Implement Lean practices (Kaizen, 5S, SMED) — reduce unnecessary movements, standardize flow and enable
quick changeovers.

e Automate internal logistics — transport carts, AGVs or robotic systems operating on a schedule or demand.

B Lack of Standardization

Q=2

¢ Define a standardized production flow — clearly defined operations and standardized work instructions.

e Visual management — markings, boards, and digital systems for material traceability.

Low Production Efficiency

j CONTINUQUS

IMPROVEMENT
RIS
|

&=

e Value Stream Mapping (VSM) — analyze the current flow and eliminate bottlenecks that do not add value.

¢ Key Performance Indicators (KPI) — track OEE (Overall Equipment Effectiveness), cycle time and lead time.
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Financial Evaluation of Losses

Destination Building Distance Spee:d Or.:_(ia';v:ay Transfers | Labor Effort | Daily Labor | Monthly Labor | Annual Labor
(m) (m/min) (min) per day (Lb./hour) Cost (BGN) Cost (BGN) Cost (BGN)
A31-20 to B21-30 B21 118 72 3.3 20 14 15.30 305.92593 3,671
I 1;3i-io t;) 51—;6 8217 7 138 7727} B 3.87 20 ‘ 14 717.89 il 357.77;78 7 4,2;3
A31-20 to B21-37 B21 141 72 | 3.9 20 14 } 18.28 365.55556 4,387
A31-20 to B22-32 | B22 110 72 ‘ 31 20 14 14.26 | 285.18519 3,422
Total
Annual Labor Cost (BGN)
24,000 - s s
21,000 -
ETRCTTIIN oo et aiamein P s R e e o )
15,000 - S
11 ]1) | B S 2
171y ESE RS SRSSEUS SN SO SIS SRS S U —————
6,000 |- g g7q -rrrrrrreee $:293
3,000 - . .
0 T : ‘
A31-20to A31-20to A31-20to A31-20 to

B21-30 B21-36 B21-37 B22-32 Totak
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BpemeHa 3a npou3soacteo Ha TPH - no onepauunun

Otpen Onepauusa Bpeme“

cek/6bpon
A31 Inserting rubber dampers 17
B21 |Gluing head to radiator 38
B21 |UV gluing and edge curing 19
B22 |Soldering FFC cable 36
B21 |Additional UV glue application 19
B22 |Electricaltest 20

* MpouecsbT e PU3NUYeCKU pasgeneH mexay 3oHuTe ALFA n BRAVO

BpemeHa 3a npousBoacTeo Ha TPH - no onepauun

Bpeme
Otgen Onepauund
A31 Inserting rubber dampers 25
B21 |Gluing head to radiator 27
B21 |UV gluing and edge curing 19
B22 |Soldering FFC cable 27
B21 |Additional UV glue application 19
B22 |Electrical test 17

* [pouecsbT e pU3NYeCKU Ha efHa NPOM3BOACTBEHA IMHUA
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8. Target- result control

TaktoBa yectoTta nuHusa TPH - ctapo Bpeme, cek/6pon

75
59
60
45 40 44 39 AT 44
36 37 34 36 33 35 22 36 37 % 37.5
30
15 I I
0
11 12 13 14 15 16 17 18 19 20 Crapo
Bpeme
TaktoBa yectoTta nuHusa TPH -HoBo Bpeme, cek/6pown
Planned 20%
75 Improvement
60
Actual
45 Improvement
28 29 30 31 31 29
30 | 23 23 24 25 24 24 26 27 26 27 28 27 26 27 26.7
15
0

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 HoBo
Bpeme
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> Standardization> Deployment > 5S >

1. Standard Operating Procedures (SOPs)

*Develop documented work instructions for every operation.

Include the sequence of steps, required materials/tools, and quality criteria.

*Ensure the instructions are easy to read and visually supported with photos, diagrams,
and pictograms.

2. Visual Management
*Floor markings to define material flow routes and work areas.

3. 5S Methodology

Sort — Remove unnecessary items.

*Set in Order — Organize everything for quick and easy access.
*Shine — Maintain cleanliness and workplace condition.
«Standardize — Establish common organizational standards.
*Sustain — Maintain discipline to ensure long-term compliance.

4. Training and Multi-Skilling
*Train every operator on standardized work methods.
*Conduct regular training sessions and rotate operators to increase workforce flexibility.

5. Kaizen Approach
*Implement the continuous improvement cycle (Plan—-Do—Check—Act).
Introduce small improvements immediately and incorporate them into the standard.
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HauwH. (Mpedmemu mo moda - kytuw, Hall, maTepwany, KonWUkK, NoYNCTEALLM cpehCcTEa, NaneTh HeaanpeyeHn.
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3narHa MocTpa 3a npoBepka
no3uumsATa Ha Kamepurte

Automated Recording of
Final Test Results

GOLDEN DEVICE

Optimal Material
Placement



Problem Target Team Current > Project > Root cause Implementation of Target-result

selection setting building state plan analysis solution control Standardization Deployment

Best Practices

55 MAPKWPOBKA 3A NOJ — LUBETOBE U 3HAMEHWE
55 FLOOR MARKING — COLOR AND MEANING

5. st [4actuuno it S
@w BknpocHuk 3a 6S oauTtpaHe | s Voo 3

ExvneT cnassa nu npasunaw i ridors, workplaoes,

| Ban-
| Bonaraopura | ‘-:—l L MpoBexaat N ce PeAOBH 0GYHEHNA 33 NOATLPXKAHE Ha White - for t
| ommp | | :

KynTypata Ha 6S? Yepsen- 32 varon:

P a2 T 7 e I e 0 SO o
1. Coptupane (Selrl) | # pecypev.

defective products, scrap orea, or restricted access area.
WnEHTGMUMPAHN N1 Ca BCHHKN HEHYKHW NPeAMeTH N i PepoBHo nu ce N3BBPWBAT NPOBEPKH 3a CNasBaHeTo Ha

I | on
B 30Ha? | npoueaypure? | nge

Ma v ACHU KPUTEPUM 33 onpefieNake Kakso e HeobxoanMo |
VI KaKeo He? 6.5

uenw. Manonsea ce
Used

3enen - [1OGYIGLA NDENHHAN3 HOHTIC!N W TOTOB3 33 GNaKaEH.

(Safety) HacTtuyHo

Wnnp nmca
W3XBBLPNEHM N1 Ca MNK NPEMEeCTeHU npeaMeTi?

| B 30Ha? Blue - area for waste from production or other activities.
nmce Ha cTapu nnun
Benukm NU ca MHHOPMUPaHH 33 |
UHCTPYMEHTU? X

1, WOWTO TPRGSZ A2 GLAaT ceoboam . OF Cbobpamen 3a BeaonacuocT,
NpaKTUKU? TOHKN, ENEKTPINECKI TaE
OcurypeHo v € 3allMTHO 0G0pyABaHE {TM4HI NPEANa3HI
?

hiszardous cquipment, of athers.

2. Moppexpaxe (Seiton) YactnyHo 6.3
Bcu4KW HEOGXOAMMM UHCTPYMEHTH U MaTepiuani nu ca
noApeneH Taka, Ye a ¢a 1ecHO AOCTENHU? 6.4
WMa i BU3YanHU 0603HAUEHUA (ETUKETW, MAPKUPOBKY) 38
HACTOTO Ha SCE DpEMET? Kakeu 0OCHOBHYM npo6neMun nan npeausBMKaTencTsa ce Habnogasar npu

Moctaseny N1 ca npeAMeTUTe CNOPe/ TAXHAaTa YecToTa Ha

npunaraseTo Ha 6S?
Ha6ntoaBa N Ce XaoC B 30HM C BUCOKA AKTUBHOCT? -

3. MouucTteaxe (Seiso) [HacTuHo

HIOORS OTAGHOCT W
m Ha TpyAoBH wnu VRSMCSET AN BIHUTEANO BHUIGHUE (1HEAN BAW3ZHE B TR AP§ - oaid
t y v ? ¢

PHCKOBE, CBBP3AHH ¢

them.

Wmare nn np

MpoBeXAa U ce PEAOBHO NOYUCTBAHE HA

Wma nn cucTeMa sa
Beuuku P " _ g !
YUCTH U B AOGPO CHCTORHUE? Howmep | Peayrar Pesyntat T |  06wo
OruwTat v ce nep! - 11 % x 0610 TouKkK |
AeiHocT? 1.2 .. .. Peayntat 8 %
1.3 .. .. DUH3 e
4. CranpapTuanpate (Seiketsu) YacTuuHo 14
[ nmca P 3a 2.1
noApexpaHe W NovncTBaHe? 2.2
VMa N Bu3yanHo Tabno unu AOKYMEHTH, KOMTO Aa 2.3
MHOOPMUPAT ekuNa 33 2.4
Pefi0BHO N1 C& aKTyanu3upar CTaHgapTuTe CNPAMO
HYyXan?
[OCTbNHM 1 paséupaemit v Ca CTAHAAPTUTE 33 BCUUKM

ES
STANDARIZE SAFETY

eoting tonalstie procesnse’ . Erearinglora tenm atkisdance L LIProritify workplace tefe A$ s
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