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• Total turnover € 17,1 Billion

• Total employees 66,400

• 4 business sectors

Automotive 28%

Materials Handling 67%

Textile machinery 2%

Others 3%
* Figures for FY20, employees = FY20 data

Toyota Industries
Corporation

Toyota Industries Corporation (TICO)
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Toyota Material Handling

Toyota Material

Handling 

North America

Toyota Material Handling

Group

5,600
service technicians

438,000 
trucks on service agreement

4.3 million
service assignments per year

€ 2.4 billion 
total net sales 

11,600
employees across Europe

86,000
factory shipment 

Key figures FY21

In Europe

+160,000
connected trucks

Active in over 30 countries 

in Europe

Toyota Material

Handling 

Europe

Toyota Material

Handling 

China

Toyota Material

Handling 

International

Toyota Material

Handling 

Japan
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5 Factories
~11600 employees

3 R&D Centers
~300 Design Engineers

Ancenis, France (TMHMF)

Bologna, Italy (TMHMI)

Mjölby, Sweden (TMHMS)

Ferrara, Italy (LTE)

SIMAI

Milano, Italy (SIMAI)

Toyota Material Handling Group – European Factories

http://www.baltic.toyota-forklifts.eu/En/company/Factories/Pages/Bologna.aspx
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ABOUT OUR COMPANY

Masts model

Cylinders model
€ Million Euro

Covered

Offices

Year YearYear Year Year
TS 14067

TMHMI

TMHMF

TMHMS

Carbon Footprint

R&D

Manufacturing

Customization

Company Outline

Side-shift

7/33
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2008

Start of corrective 

maintenance activities 

2007

TPS Method 

introduction

Management Renewal & 

Company reorganization

2006

Starting of 

Preventive 

Maintenance

2012

Maintenance KPIs 

Monitoring (MTTR 

MTBF  OA)

2013 2014

Training for Preventive 

Maintenance application

FY 2016

2017 2018Last 5 FY 2019

FMECA (Failure 

Mode Effects and 

Criticality Analysis) 

in Rail Line

1° STEP Predictive Maintenance 

in Painting Line on sandblasting 

machine

Remote 

maintenance

TOSO Project in 

Painting Line

FMECA (Failure Mode 

Effects and Criticality 

Analysis) in Painting 

Line

TPM activity in Rail Line
2° Step -Software update 

and passage from Trend to 

Machine Learning Analysis

Maintenance Dojo

5S

Maintenance 

Survey

Process Control 

parameter in 

Welding Line 1-2

Report di Autovalutazione 

dei Processi di Manutenzione

Maintenance Survey

Definizione e 
Controllo Budget

Manutenzione 
Correttiva

Pianificazione 
Strategica

Gestione e 
Sviluppo 

Competenze

Gestione Materiali 
Tecnici

Misurazione e 
Miglioramento 
Prestazioni di 

Macchina

Manutenzione 
Preventiva

Process Control 

parameter in 

Cylinder

Process Control 

parameter Rail

Line 

2015

Maintenance 

ASA ICHI

2020

Remote Control and 

Optimization of 

Compressors

Remote Control and 

Optimization of 

Cryogenic Plant

Machine Learning 

Upgrade and Neural 

Network in Painting Line

2021

Predictive 

Maintenance 

in Tack Weld. 

Line 1
Today

2022

• Layout

• Devices

• Communication tools

Project Design

Detailed Analysis

Data collection

• Entities, Attributes

• Spare parts

• Maintenance warehouse

LTE Maintenance history
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Background:

LTE has implemented "Preventive Maintenance" after TOSO (Paint) project to define standards since 2014 and now started a new method, FMECA (Failure Mode, Effects, 

and Criticality Analysis) for possible failures by "Predictive" phase.

Further analysis by critical components in sandblaster to reach:

Turbine, Elevator & Screw covers 80% of downtime of Sandblaster.

TOSO project to standardize and monitor criteria data in each process. 

Set up scheduled maintenance → "Preventive maintenance" implemented.

TOSO Project led by LTE and "Preventive 

Maintenance"

OA 97,0%

(BEFORE)

QC Process Chart → STD check sheet

改

正

欄

Staff Office

       ．   ． 
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51110-26600-71（Main）

       ．   ． 

       ．   ． 
       ．   ． 

Made an overall revision following process change

Mgr

Office

FRAME ASSY

G125・G248・G626・G321・G249

Contents of revesion
Mfg.

SVMgr PIC

Process Drawing

（For QC process chart）

89-2

Date Issued

QA Mgr.Mfg. Director

QAApproval

Division

9/27/2013

Toyota L&F

Section 2

Manufacturing

PICSupervisorManagerStaff Mgr.

Manufacturing

Line Name

Process 

Name

DateMark

Doc. No.

Dept
Part

Name

Part

Number

502 Frame Paint

R
e
vi
si
o
n

1-1

No.1 Washing

2
Head Guard

Air blow

3
Frame

Air blow

4

Draining

5

Cooling

6
Masking Jig

Change

7
Frame Undersurface

Paint

8
Frame Primer

Coat

16
Touch Up Paint

15
Frame Top Coat

Robot Paint

14

Touch Up Paint
in advance

13
Wiping

Masking

12 11 10
Primer Coat

Drying

9

17
Side Frame
Top Coat

18

Setting

19
Top Coat

Drying

20
Top Coat
Cooling

21

Quality Check

22

Touch Up
№2 Line

23
Paint Material
Preparation

Sealer Paint Surface
Adjustment

Wiping by thinner

No.2 Washing Rinse

1-2 1-3

1. Washing

Doc.No.

Approval QA Staff Office

M fg. Director QA Mgr. Staff Mgr. Mgr. SV PIC

Dept
Line Name

Process Name

Part 

Name
Di Iorio Farinelli Piccoli Finessi Poluzzi Bighi

Q C Qt

X △

X △

X

X

X

X

Office (1)   For classification section, circle either quality or condition

改 Mgr Mgr SV PIC 　

1 24.11.2015 (2)   If initial product inspection is necessary, write following number to show when

正 2 30.11.2015 ①After tool change ②After changeover ③After machine adjustment ④After operator change

3 21.06.2016 ⑤ASAP after operation starts ⑥After WSS change TL ATL AS

欄        ．   ． (3)   Show measurer and inspector □ ◇ △
  using right marks ■ ◆ ▲

Area scarico Manufacturing 1/BIL.VITI X618 ManualNA NA

CKL_TSPA_020_2014 WSS_TSPA_012_2014

WSS_005_FVA

FVA_IMPL_WSS_008

WSS_006_FVA

WSS_004_FVA

Visivo

Manufacturing Scarico montanti

Special jig NA

Visivo

Special jig NA1/BIL.

NA

       ．   ． QA

Mark Date

Inserito processo 8 e WSS ispettiva e manufacturing Proc. 6

Inserita WSS_009_FVA manufacturing Proc. 6

Contents of revision
Mfg

Mfg

Inserite WSS ispettiva e manufacturing e process 4

Area scarico Manufacturing
tampone 

brandeggio
NA 1/BIL.

Visivo CKL_TSPA_019_2014 WSS_TSPA_011_2014

Scarico (Download) Discensore
Ispettiva 

discensore
NA 1/D

Scarico (Download) Discensore

Scarico (Download) Discensore
Assorbimento 

motore freno
0,3±0,1 A 1/D

Area scarico

Controllo livello 

lubrificatore
0,5 ÷ 0,75 1/D

NA

Frequency Strumento di 

misura (Measuring 

Tool)

Checksheet

No.
WSS No. Remark

Period

M
e
a
s
u
r
e

A
u
d
it
o
r

Verniciatura (Painting)
Automatic powder painting 

line
Tutti i modelli di montanti ( All masts models )

Livello di 

controllo 

(Control Level)

Process

No.

Processo         

(Process Name)

Macchina    

(Equipment) 

Class
Elemento di controllo 

(Control Item)

Mfg

Criteria

IT_L_TSPA_003_2014 LTE SPA (Page 4 of 4）

QC Process Chart Date 24/11/2015 Part No.
Section2 Mfg

R
e
v
is

io
n

9

2017 Year 3

Date

Item 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Result T1 12 12,5 12 12 12,5 12 12 12 12 12 12 11,5 12 12 12 12,5 12 12 12 12,5 12 11,5 12

Result T2 12 12 12 12,5 12 12 12 12 12 12 12 12 12 11,5 12 12 12,5 12 12 12 11,5 12 12

Result T3 12 12 11,5 12 12 11,5 12 12 12 12 12 12 12,5 12 12 11,5 12 12 12 12 12 12 12,5

Time 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

Result T1

Result T2

Result T3

Time

B B B S S S S S S S B B B B B B B S S S S S S S B B B B B B B

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

Problems are carries over to next month? ( Yes   or    No)

Date

→1)Scrivere le regis trazioni  con un punto nero 2)rosso se necess i ta  un control lo ul teriore 

3) l 'operatore deve regis trare un eventuale va lore anomalo 4) i l  control lore deve confermare 

i l  va lore anomalo,regis trarlo e deve compi lare i l  piano di  azione

5) i l  flusso dei  check è: ATL,TL,SV,ATL e tenere per 1 anno 6) Al l 'inizio del  mese control lare  

se vi  sono punti  in sospeso; se s i  inseri rl i  nel  nuovo mese

13

Checker

13

ActualPlan 

11

12

12

Action ( Action )

11

13

Control item Control level Check frequency Check sheet No.

Month  Check Sheet assorbimenti turbine sabbiatrice

SV TL

S,B T

Process

CLK_TSPA_005_2014

#21/D Amperometro

Tool Standard sheet no.

Amperaggio assorbimento 

T1,T2,T3
12±1 A WSS_TSPA_005_2014

2nd Check
●

12

Abnormal description ( descrizione anormalità )

Measure 

Check 

Record of abnormal situation

11

1st Check

●

T1

(1). Write all records by ball point pen (2) First check ●, 2nd or more ● (3) Operator has to record abnormal situation w hen abonornal happern.

(4) Checker has to confirm abnormal and check actions and record it w hen abonormal happens. (and f ill Planned date w hen action is takened,)

(5) Check sheet f low  is 1)ATL 2)TL 3) SV 4)ATL    and keep it for 1 year
(6) In the beginning of month, Check carried over items. If some items are not finished, fill in the data to new sheet

First check ●
2nd check in

case of abnormality ● T2

T3

Scheduled Check Standards

OA 98,0%

(AFTER)

Rev.00

MATERIALE FREQUENZA

8 h

DPI NECESSARI

SCHEMA CONTROLLI IMPIANTO

IMPIANTO:  Automatic Painting 

line_Granigliatrice 

Matricola : M11458

SCHEDA N° 120

MODULO N° 

Data Redazione: 20/04/2014

MANUTENZIONE ISPETTIVA - ADDETTO ALLA MACCHINA

CONTROLLI

 Verifica del livello graniglia nel separatore

Separatore

GRANIGLIATRICE
N° SCHEDA DI 

RIFERIMENTO

PLAN OMSG PLAN IdM PLAN IdM PLAN IdM

RES. RES. RES. RES.

PLAN OMSG PLAN IdM PLAN IdM PLAN IdM

RES. RES. RES. RES.

PLAN OMSG PLAN IdM PLAN IdM PLAN IdM

RES. RES. RES. RES.

PLAN OMSG PLAN IdM PLAN IdM PLAN IdM

RES. RES. RES. RES.

Verification of the grit level in the 

separator
120_4

Wear degree inspection turbine 

protection
120_1

wear degree inspection turbine 

components
120_2

wear degree inspection lift cups 120_3

January 2017

WK1 WK2 WK3 WK4

ACTIONS

Using IoT (Industry 4.0), collecting big data to "PREDICT" possible 

future malfunction 

Focal Point:

Problems:      

Causes breakdown for malfunction in Paint line process to find

sandblaster has the highest relevance on downtime (40% of the

downtime).

LTE Painting Line Layout

1.1

1.2

2.1

2.2

1

1.1

1.2

2.2

2.1

Implementation of Predictive Maintenance in Painting Line

Pilot project on Sandblasting Machine

Painting Line downtime breakdown: Sandblast Malfunction Breakdown:

100%

40% 80%

100%
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2018 - 2019 2020 - 20212017

1° Step

▪ Predictive Maintenance on Sandblasting Machine

▪ Trend Analysis

TECHNICAL ASPECTS

Devices installed on the sandblaster:

❑ 13 current sensors

❑ 14 accelerometers

Trend creation & signal classification based on 

historic data

2° Step 

▪ Predictive Maintenance on Sandblasting Machine upgrade

▪ Predictive Maintenance on Conveyor motors 

▪ From Trend to Machine Learning → President’s Award Theme

▪ Change of software architecture

▪ Web program generation for real time data consulting 

FY

TECHNICAL ASPECTS

Devices installed on the sandblaster :

❑ 5 current sensors

❑ 8 accelerometers

Conveyor:

❑ 17 current sensors

New parameters introduction and machine learning:

- Hypothesis test → vibrations

- Data classification → current

Current state

▪ 57 Total sensors

Implementation of Predictive Maintenance in Painting Line

3° Step 

▪ Painting Line: machine Learning upgrade

▪ Diagnostic feature change

▪ Neural network classification algorithm with 3 states

Predictive maintenance roadmap in Painting Line
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A complete vibration-current monitoring system continuously acquire vibration and current signals. These signals are stored and analysed by the system that lie on a company 

server. Machine condition are displayed on a dedicated dashboard near the sandblasting and accessible across over company computers, also in maintenance department.

Monitoring system scheme:

Accelerometer

Current

National Instruments

Boards

Dashboard Output

Sound

Alert

Alarm

Total nr.
35

Web Application

Background application on 

company server
Total nr.

22

Painting Line condition based maintenance

Implementation of Predictive Maintenance in Painting Line
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Implementation of Predictive Maintenance in Painting Line

▪ Vibration signal is strongly linked to the condition of the mechanical components

▪ In complex system this could lead to several unwanted false alarms

Signal by damaged or worn bearingSignal by a new bearing

Example: bearing fault

172 false alarms

31-Aug-2018

2
1

0

( )
1 N

n
RMS
x

N
nx

−

=

= 

If we suppose that the faulty 

state is related to an 

amplitude increase of 100%, 

the machine faulty state was 

detected on 31 August 2018.

172 false alarms has been 

detected before the real machine 

fault, due to change in 

environmental conditions.

Fault signature

1st Step:Trend analysis on sandblasting machine
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Faulty state

Sound state

Actual Condition

wKNN Classifier

Implementation of Predictive Maintenance in Painting Line

▪ The machine learning algorithm introduced in the second step was 

the weighted k-Nearest Neighbour (wKNN) feature related to the 

working condition and state of health of the electrical engine, are 

evaluated from the current signal and classified with a wKNN

algorithm. Initial states are generated randomly, based on the sound 

data distribution.

Engine diagnostics

/
(x)

GGCS GCS
I

Hidden periodicities are 

features related to the fault

Statistical index

▪ Bearing diagnostics is based on evaluation of statistical indicators. 

The classification is based on hypotheses test involving two key 

vibration signal characteristics, i.e. cyclostationarity and gaussianity

Bearing diagnostics

2nd Step: Machine Learning on sandblasting machine and conveyor
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Implementation of Predictive Maintenance in Painting Line

Input layer: 215 neurons (sigmoid function)

Output layer: 215 neurons (sigmoid function)

Hidden layer: 100 neurons (sigmoid function)

Targets where:

▪ Creation of an unified approach for plant monitoring (integration of painting and welding departments)

▪ Increasing of the effectiveness of the condition monitoring algorithm.

▪ More accurate subdivision of the current state of heath in three different classes, i.e. sound, anomaly and faulty.

Neural network functioning scheme

3rd Step: Machine learning upgrade in Painting Line

1

0

0

0

1

0

0

0

1

Output probability

The ANN is trained with:

▪ 40000 sample for sound condition are adopted.

▪ 100 training iteration were performed

Classification error 

is evaluated and 

compared with two

thresholds, in order 

to classify features 

in sound, anomaly 

and faulty states
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97,0%

97,5%

98,0%

99,0%

100,0%

Operation Availability results in Painting Line

OA results in Painting Line

Project Start

FY 2012 Target

FY 2022

99,6%

Today
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Predictive maintenance future steps in LTE

202420232022FY

▪ Integration of new sensors 

due to equipment upgrade

▪ Extraction of parameters related 

to components operation 

(energetic consumption, 

environment, etc.)

▪ New sensors for conveyor 

bearings and rails for the whole 

monitoring

▪ Advanced training for condition 

monitoring application

▪ Connect the extracted data to 

automatically practical actions of 

maintenance department

▪ Study the possible monitoring of 

positioning stations and intermittent 

mechanical components 

▪ Creation of internal specialists and 

internal know-how acquisition;

MAST PAINTING 
LINE

OTHER 
DEPARTMENTS

▪ New condition monitoring 

system developed “ad hoc” for 

tack welding

▪ Cylinder Painting Line 

diagnostics based on process 

parameters extracted by PLC 

▪ New condition monitoring system 

developed for robot cells
▪ Predictive maintenance extension to 

compressors and aspirators.

▪ Consolidation of condition 

monitoring system in robot cells
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Predictive Maintenance in Welding Line highlights

Accelerometer  

Current sensor 

National Instruments

Boards

Web Application

Background application on 

company server

After obtaining good results in painting line, it was decided to proceed with a subsequent advancement of predictive project in tack welding line, with a system similar to the first 

one. Machine condition are displayed on a dedicated dashboard near the welding station and accessible across over company computers, also in maintenance department.

Tack Welding condition based maintenance

Dashboard Output

Sound

Alert

Alarm

Main Sensors DashboardLegenda

Accelerometers

Current sensors

Z-axis motor

X ed Y-axis motor

Y-axis gearbox

WL1 choice reasons:

Flexibility needs

High production volumes Electric motors of fixed & 

mobile cart:

❑ 8 current sensors

❑ 8 accelerometers

Gearbox:

❑ 4 accelerometers
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THANK YOU FOR YOUR KIND ATTENTION

ご清聴ありがとうございました


