IHoOW, to) Impreve Process
Performance Using Lean
Autemation

What We'lll Cover:

Determine how much;automation is appropriate
and whether this automation should be done in
phases or at one time.

Determine what information is nheeded from the
manufacturing floor and how: quickly this
information is needed.

Determine how to integrate data collection and
processing into an automation project.




AUNGMATE or NOIF IOorAUNIOMATIE

Need 1o |ower Cests & reduce Cycle times?

1160 many pecple
Layout Is had

Canit deliver ontime
Eguipment teo slow,

What Do We

Analyze & Evaluate
Using Lean Concepts &
Technigues

Implement Lean
Manufacturing Selutions

Design & implement
LEAN AUTOMATION
and Data Collection!




Why Lean Automation?

“Alter implementing| lean
Imprevements such as cellular
manuiacturing and setup reduction,
selective automation can add value
and reduce human variability.

Richard Schonberger

l“ean Manufacturing

Any activity or action which does
not add value to the product is a
form of waste and must be
eliminated or minimized




Definition of -Added

Value is added any time the product is physically
changed towards what the customer is intending
to purchase.

Value is also added when a service is provided
for which the customer is willing to pay. (i.e.
design, engineering, etc.).

If we are not adding value, we are adding cost or
waste.

[Cean Manufacturing
@oncepts & Trechnigues

Value Stream Map *

Flow: Setup Reduction, Cellular
Manufacturing, Batch Size Reduction,
Visual Workplace, Layout *

Pull:  kanban Systems, Supply'Chain'Management, Point of Use *

Others: Quality Improvement & Analysis *, Total Productive
Maintenance, Training *

* Used most frequently prior to Automation




Value Stream Map

An Assessment Tool

The value stream map follows the production
path from beginning to end and shows a visual
representation of every process in the material
and information flows

Shows how the shop floor currently operates

Foundation for the future state

Value Stream Map Concept
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Value Stream Map (Current State)

Orders Every 2 Wex

New Jerse: Reodizionontic) Randomly Placed
Andrea Aromatids ey Alanx Order as Need: A [ Various
(Scented Oils) Rotcelainy (Shaped Stonef) L 1 Orders (Various Sizgs) Customers
(Round Stones|

Average of 6,00
Stones per Day
in Various Size
Orders (8 to 20 dase
& 200 to 400 cage

range mainly)
30 Cans of Gil 59,000 Stongs 50,000+ Stoffes.
Every 2 Weeks Every 2 Weeks Every 2 Monfhs
sy ﬁ
Bi-
O O O O Weekly

Daily Shipping
Productio Orders

O O
5 Daily
‘Schedule Shipments
O O
Existing Work Cell
\/\/ Soak & Dry| Packaging Labeling Cartoning Case Packin| Shipping

APAI
Multiple Ameripack Manual Manual
E> Batch Tanks Q Flow Packagerd Q AZ‘@';\Z‘QC Q Q Q Q E> E>
up to o 0
125 Cans of Ol 1 Operator 4290 pi 1 Operator 1/2 Operatdr U2 0peratdri 90,504 1 Operator
20,640 Round Ston Stones. s Stones
49,000 Shaped Stones Slones
in. 35ed
2 mi
80%
116 Days 0.7 Days 15.1 days 27.4Days Lead Time
5 min. 7 seconds 65 minutes, 7 seconds

Value-Added Time

Value Stream Map (Future State)

Orders Every Week

New Jersey . Randomly Placed
Andrea Aromatids o Alanx Monthly C Production Control Onders (various Sizhs) Various
(Scented Oils) (Round Stones| (Shaped Stonef) | E——— Customers
Average of 6,00

Stones per Day
in Various Size
Orders (8 to 20 dase

&200 10 400 cage
Bi-Weekly range mainly)
1210 16 Can 30,000 Stongs 25,000 Stongs Production
of Oil Once Once a Wee Once aMonth Schedule
Week (via stringer (large
rders)
O O

Daily Shipping
Orders

O O O O
Daily
Shipments
O O
4 Case|
L1
Existing Work Cell
X
W Soak & Dny| Packaging Labeling Cartoning Case Packin| Shipping

APAI
Multiple Ameripack Manual Manual
Batch Tank: e Flow Packagev[j = A‘;“"a’;‘;‘v‘c 0/\0 0/ 0 = =)
up to 0 0
75 Cans of O 1 Operator 4290 pis 1 Operator 172 Operatdr 12 Operatdri 30,000 1 Operator
140,000 Round Stone Stones eras) Stones
25,000 Shaped Stones e in a supermarket
iype
in. with stocking levels
by shape and scent
/|
10.8 Days 0.7 Days éﬂ;\“::ﬁ 5.0 days 16.5 Days Lead Time
65 minutes, 7 seconds
55 min7 ‘ liseconds Value-Added Time




VSMIMPLEMENTAION

FUTURE STATE IMPLEMENTATION PLAN & SCHEDULE
SEQUENCE | COMPLETION

LOOP. OBJECTIVES PROJECTS (PRIORITY)
Gpplier Loop Bevelop pull systemwith supple T Review WeeKy/Monthly Requrements T
* Increase number of deliveries per week 2. Revisreent blanket orders

'~ Reduce raw material inventory to match 3. Sej data to suppliers
2. Setup point of use raw material areas

1

2
T

ko

1. Single point to schedule(shipping). See

Production Control Loop |+ Implement dally shipping schedule
* Work to schedule manufacturing based on|

shipping requirements. 2. Daily production schedyl®perations Manager

3. Implement kanban Ioops as shown on future AN
4. Use MRP for materials

~ Reduce lead time 1. Eliminate WIP between

2. Implement prep and kanbans

+ Develop continuous flow
* Develop pull system with element prep

supermarket 3. Crosstrain element assembly opesation

Module Assembly Loop |+ Reduce cycle time 1. Analyze process t
' Reduce variation in cycle time in testing 2 variance in module drydown
 Reduce variation in cycle time in drydown 3. impient and kanbans for cell installation
* Establish pull system with supermarket fron
cellinstallation 4. Crosstrain module assembly afiens
* Reduce use of carriers 5. Analyze need for s units.
6. Analyze material handiing reductions and layout
for element prep operations

7. Set up leak tested subassembly units in supletréar final
assembl

1. Improve assembly methodmit mechancial assembly
2 Review design for manufacturing assembly improstets fol
tubing assembly
3. Consolidate inspection with final mechanicalesbly or

Pacemaker Loop - Reduce cycle time
« Establish pull system with supermarket fro

(Unit Assembly/Shipping Loop) [shipping

4. Setup i for final agsem
5_Crosstrain unit assembly operations

NOTES:
1. Conduct kanban and point of use training fontgiersonnel in 2001.

2. Priotities as folows: #1(Complete in 2 monti#9(Complete in 4 months), #3(Complete in 6 mnths
3. Consider use of teams for implementation agxning.

Implementing Lean Changes




IHew Do We Use Lean Technigques
for Autemation?

Assess the operation using a Value Stream
Map and/or PEDS; (Product families & Production data)

Evaluate the layout

ldentify lean improvements & kaizens
without automation

Implement lean improvements using VSM
plan

Identify lean automation opportunities
Design and implement lean automation
Start the cycle again!

The Lean Automation Cycle

Cells

Assessment Recommende Set Up
(VSM) Solutions Layout

Visual

DO IT! Implementatio
' Plan Systems




Levels, of Automation

Load Machine Unload Transfer
Levels Machine Cycle Machine Part

Operator | Operator | Operator Operator

Operator AUTO Operator Operator

Operator AUTO AUTO Operator

The Great Divide

AUTO AUTO Operator

AUTO AUTO AUTO

As defined by the Lean Enterprise Institute in “Creating
Continuous Flow”

[Cow! Productivity:
Electricall Device Assembly.

Client wanted wave
soldering and robotic pick
and place

Functional operational
layout

Ergonomic problems
Extensive material staging
No space

Initially, 13 people in
Aurora cell

Low output: 300 units/day




[Cean liechnigues Used
Before Automation

Process flow diagrams

Cellular Manufacturing & Layout
Balance Cycle Times Between Work Stations

5S
Reduce Batch Size & parts staging

Quality Data Collection & Analysis
(Reduce Reject Rate)

Cellular Assembly Layout

CELL STYLE # 1
AF-20; AF-25) AS-10) T-2) T-4)
SF-20) TEC-20 TEC-40

CELL E43
HL-20; HL-40; PRED-2) PRED-4; G-2
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WORKSTATION CYCLE TIME : 25sec., 1.25 min. ggject
PER 3 UNITS

(5

@

RSSEMBLY] [ONTACTY Jigpiod
#1 ASSEMBLY| e
LED OLD STAKI & e ATTACH

LACEMEN ESTPCBY | SOLDER ALt STRAP -
l TRAP i
REJECT INSERT '
SWITCH g
DATA ACTIVATOR |
ASSIST :

AFTER CHANGES WORKSTATION CYCLE TIME: 25sec.,
1.25 min. PER 3 UNITS

REJECT
DATA

® @ 0 Y=g @

BACK
bCBs from ASSEMBLY CONTACTS BUTTON & COVER
- #1 o ASSEMBLY | | BATTERY | | 0
supplier COLD STAKE & ASSEMBLY Son
TEST PCBs SOLDER LABEL ATTACH
l T STRAP
REJECT INSERT
DATA SWITCH
ACTIVATOR

GLUE
SWITCH/
ATTACH

STRAP

>l

PACK

[Cean Autemation Changes

Level 1

Cold staking fixtures

Powered screw
drivers

Light test fixture

Soldering fixture

11



With Lean Autornatjon Level 1
The Results

Balanced cell
j

per work station

1000 units/day  per cell
vs 300

6 people percell vs 13
Faster identification of
ality pronlerns

Point of use storage
\wWork

02
@
=
@
@
@
k‘\ 5y

reducing Lead Time & Irmproving Quality

S[eel Panel Fabrication

e Challenge

Client warited to rec
| tfirne to less tha

weelk

ore

S

IC

L
none

[

Q8

alc

uiprnent nacl
out hacl

Autornzatec
peern insta
proplerns

|
\

el
ad

|
Material flow proplerms

Panel rejects & rework (5%)

Few proces< controls or
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Lean/Siz Sigrma Technnigues Used
Process Flow Diagrarms
Value Strearmn Meapping

tirne Analysis

ta Collection & Analysis

a
(Reduce Reject Rate & Variability)

Root Cause Analysis

Value Stream Map (Current State)

Blanket Annual Purchage . .
& Takt time = 5 min.

Sheet Galvanizefl Sheet Galvanize Sheet Galvanize Sheet Galvanize
teel (4'by 8 orcfit)  Pteel (4'by 8" orclt)  $teel (4'by 8 orclt) teel (4’ by 8 or cyt)

Production Control

(normally working Randomly Placed Various Distributors.

2410 48 hours ahead Orders (normally (=24 for Smith Corp.
f single unit orders) ~ 6 for Jones Systems|

o
promised shipment)

Average volume of 1040
systems per month in peak
season

Customers are mainly|
distributors. There arefa
few dealers.

]

g 4 8

b to an averae Daily Daily
of 130,000 Ibs P;’"“”f‘""“ P;’"“”f‘:"“ Daily
daily in peak eports eports Shipments
season
O O o)
In Straight
Panel Dept.
Shear Notch Specialty Puleri [ Comer Punfh Bend stake & Lebel [ AdazBragf|  [Radusasald [ \Rack Shipping
1 Accurshea 1 Manual 4 Semi-Auto 3 Semi-Auto 1 Manual 1 Automate] 1Auomfed [ Manual Tanke,
Automated INotcher (S-23} Punches Punches Brake (R-7) Machine (R-§) achine (ACR 1 Jig-less
D) | Shear v | ) k'3 Automared E) fs1 5. SHY b1 Avamaed 9 = O paciive iz 2
Notcher (R-3) Brake (R-13) 1 Jig Machin
(R1)
2105 days 1 Material
reening | 1 Operator 1/2 Operatdr 0 Operatorf 1 Operator 112 Operatdr 1/2 Operatdr 112 Operatdr 2 Operator s ki 2 Operator
on pre-cut
size
CIT = 4 min. CIT =2 min. CIT = 2 min. CIT = 2 min. CIT =5 min. CIT =2 min. CIT = { min. /T =8 min. CITANIA
CI0=NIA €10 =4 min o= upto Cl0=30t0 IO = NIA cio=ka (average) ciof niA
Rel. = 99% Rel. = 95% Rel. = 99% 30 mirf. 60 se Rel. = 99% Rel. = 9% /0 =210 30 Rel = 100°
Rel. = 99% Rel. = 90% 9 min.
EEED 2105 Working Days
tine S8 0%) Lead Tlmeg -
2105 days

32 minutes,

8 min. .
Value-Added Time|

4 min. 2 min, 2 min, 2 min, 5 min, 2 min, 7 min.
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INITIAL IMPROVEMENT CONCEPTS

Improve reliability and changeover
capability of R1 and R12 machines.
Reduce panel reject rate.

Radius & Band

1 Manual Table,
1 Jig-less
Machine (R12),

E> & 1 Jig Machine
(R1)

2 Operators

Work to 1 to 2 days lead time

Takt time =5 min.

C/T =8 min. CIT=
(average) CIOENIA
Cl0=21030 Rel. oo
min.

Reject rate = 5%
Uptime = 80%

8 min.

2 to 5 Working Days,
Lead Time

UNDERSTANDING ROOT CAUSES of R12 PROBLEMS
CAUSE AND EFFECT DIAGRAM

Red = Most Important Causes

serupvaves
e
wo seecs
[ OPERATORS | [ MEASUREMENT
RADIS TENPLATE
" Cnces =
Chitiocs SQUARENESS
2 E: \rfnu
ore, oesaron WEASURES USED On
i RENCE JUDGEMENT
NoTRUST s anptls
NO SPECS T DON'T MEET
LENGTH CURVATURE
TEMPLATE
REQUIREMENTS AT
200 SETUP
= s
DIGITAL READOUT PANEL WIDTH VARIES (4' & 6' RADIUS
USELESS . . PANELS)
PoORTRASSOTCER o asuphieRs SHEET DIVENSIONS
s oF A vs A ARy
cToNRaics e BaDs Have
INDEXES VARY. FORMING e
== Tho.

INDEXES VARY.

GALVINIZED COATING
DIFFERENT ON

CRUDE INDEX

INACCURATE
SYSTEM DESIGN G

CUTTING

LOCATION PANEL OF
RADIL

SPECIALTY PUNCHES.
VARIES ON PANEL
SIDE TO SIDE BACKING SHOE

DILSTMEN PANEL NOTCHL
Ri

NOTCH 0.D.SPACING VARIES
091N

DIFFERENT
STEEL PROPERTIES

PANELS CATCH AT
AST 2 BENDS

PPOS|
HYDRAULIC IN
HEAD

ASSEMBLY

WIDTH OF STEEL BETWEEN
NOTCHES VARIES 3.75 10 40 in

CONVEYOR NOT

EQUIPMENT

HOT VS COLD ROLL
PANEL NOT
SQUARE. wiDTH 3SUPPLIERS

TOO LARGE
NO SPECS

COATING

VARIES
STRAIGHT PANEL

3SUPPLERS
SPECIALTY PUNCH——————————
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Process Improverments
Lean Using Lean/Six Sigma
Based

LQ

Cornrnor seiup proc cecure

Irnplermented TRPM orogreirr

. Process Improvements
6 Sigma e | A Sy Sienn
Beces Using Lean/Six Sigma

Implemented process controls for
panel dimensions in upstream

process

Vendor consolidation for
dirnensional compliance

)

15



| Jlew RPadijus Bending Machine P13

Autornatec band cutting

- Servo driven adjustments frormn
panel bar codes

- rlydraulic cylinders  vs air

Online radius
measurement and
tracking

P13 Capabpllities After Lean/Si/ Sigma

les two ororlu farnilie
amgeover inless tha

sec. within and petweern

oroduct farnilies

Cycle tirne reduced from

rnin. to 1.8 min.

m v

5

1

o
=
Q
()
D
(%)
%)
(‘\
h 5
n 5
Q
n )
01
S
N
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Laveals of Automa

[o)g)

Load Machine Unload Transfer
Levels Machine Cycle Machine Part
1 Operator | Operator | Operator Operator
2 Operator AUTO Operator Operator
3 Operator AUTO AUTO Operator
The Great Divide

4 AUTO AUTO AUTO Operator
5 AUTO AUTO AUTO AUTO

Long Cycle Tirnes - Low Produciivity

Bearing Assermbply

The Challenge

Functional layout
Average baich size of
900 bearings

Long setups of 9 nrs
Large armount of WIP

17



= Lean Automeation

| ~
L 2zl

-~

=

| Technigues |

sed
efore Autormaztion

oy

Product

Farnily Value Strezirmn Meap

Set Up Time Reduction  (quick changeover chuck)

Cellular Manufacturing &

& Layout
Balance Flow & / Je irne Reduction to
Produce Srnall Baic

r'-
fnes
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\.ImeflflJrl Lavel
ER/UIILOADER

~

\utornated parts

ee lrJJ & recuced
handling

Decouple machire

cycle frorn operator
Cell cycle time at 1

rmin. per bearing

j

—ia

—

One shift operation
Average baich size of
100 down to 10




AUTOMATIC LOADERIUINLOADER

Level 4 Autornation




| lew Product - Cornples Flow
Smoke Detectors

The Challenge

Cellular layout with 7
Dpdr:![@f:)

Manual packirg
Ergonornic proplems
New product being

released

/ = - t-r ~ ~

AFTER Lean Autornation Level 4
Focused product family
autornation

betweer rmachine
operations using special
pallets

1 Operator running the
line




Laan Autornation anc Data Collaci

O

N

“Data, Data, everywhere and nothing do we knbw.

Useful Data becormes Informettiorn

o
(g
o

Useful Informeition becornes the knowledge

pase for intelligent decisions and future

olainning.

~

is money then useful datz s

If knowledge
the currency of the manufacturing floor.

613
-1
=,
=
p
5O
(O]

VWhat is the purpose of collecting the
clata?

Will the data
Know?

@
<
=
<
=
@
<
=
@
5
®
®
o
5
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Control & Inforration

INFO &
HARDWARE SOFTWARE CONTROL REPORTING
Server Farm Large Database Fully Integrated Internet Portal
Large ERP/MRP Il Supply Chain Or Extranet
Computers
Client/Server Large D Intranet Portal
Syster

Industrial PC Small Database, Small Control Ad Hoc

Bar Coding SCADA SW Network

PLC & Terminal PLC Program Programmable Printed Graphs
Control

Office PC Spreadsheet Electrical By Hand
Control or Printout

Lean Autormaiion Provides Pealiime Data iq

Control Variation for Siz Sigrma

Supports C
QLHJJF/ (cr
(3.4ppm de

Ennances Define -Measu
Analyze -Irnprove -Contro
methoco JJJ/( MAIC)

._G
—
(@)
(@)

2355 Corltrol
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Realtime Data Collection
for Six Sigma Analysis

Diagnostics for Rapid
Identification of Problems

rlow Do Implernent Lean Autornation?

e olrezfr]

t farnilies & Production data)

operation usir J a Velue St

Evaluate the layout and flow

Identify lzan improverments & kal
without autornatior)

Quality irnprovermerit
TPM
Point of Use

24



rlow Do Implernent Lean Autornation?

Irnplement lean improvernents using VS
plain

Identify lean autormneation opportunities
Lice r&‘J’:‘FJFJ\/r‘ rmotiorn
Reduce material handling

Irnprove quality

O

esign and Irmplernent learn autormation &
catz collectior

Bereflis of Lear Automation
sumrnary

Lower cost autornztior

Sirnpler implementation & faster aicceptarnce
Greater flexivility for setup & material flow
Medrmnizes operator LJ’[JJJZEL’E]O(J

Better use of floor space

Useful data providing 2 knowledge base for
more profitable solutions in the fut
supporting a cycle of Continuous
Irmprovernerit.

25



Lean Automeation Mares Us
Wiriners!

Smaller batch sizes

26



