Building Webapps to Help You
Build a Jeep

David Johnson
Jan 30, 2016

'.-l"

F s

FoxCon 2016, David Johnson



Outline

 Introduction to Traditional vs. Lean
Manufacturing

» Build sheets (aka, broadcast sheets)
— Webapp implementation

» Sequenced pull (Sequencing)
— Webapp implementation

« Kanban Sequenced pull (Kitting)
— Native client

« Conclusion
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Introduction to Traditional Manufacturing

Pioneered by Henry Ford in 1904
(Video 1: Megafactories Ford at 23:50)

Principles of traditional manufacturing:

— Estimate what will be needed and run each line to
meet that target

— Push from one production line to another.
— Lines run independently at maximum speed.

— Buy huge bulk orders to minimize per-item
purchase costs and to prevent shortages
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Traditional Push Manufacturing

20,000
axles

AN

50,000
Calipers, rotors,
leaf springs

e

Axle
Sub-assembly

Axle combo 1
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Axle combo 2
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Input inventory
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Axle combo 3

/'

Intermediate inventory

Frame assembly,

(Video 2: Ford F-150 Frame/Axle line 5:50-



Problems with Push Manufacturing

* Push systems require more input inventory and

iIntermediate inventory
— 5,000 engines in warehouse or production * $2,000/engine =

$10M
— 3 month inventory turnaround

— 4% APR Interest = lots of $$$ sitting on floor

 Inventory may become obsolete before being used!

» Speed of sub-assembly is independent of demand

« Can't tell where problems are, too focused on keeping
the line running
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Introduction to Lean Manufacturing

(Video 3: Four Principles Lean Management)

Principles of lean manufacturing:

— Customer orders pull from lines and inventory
« Eliminate waste by building only what is needed, just-in-time

« Each line pulls from another, causing work. Lines are dependent.
Speed dictated by demand.

— One piece flow: work on only one job at a time

— Takt (cycle) time: each operation should take the same
amount of time, regardless of options

— Zero defects: stop whole line to fix defects

« Continuous improvement: pay employees to make
suggestions to improve operations
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Pull Manufacturing

Broadcasting
2 000 / J

axles <« |Axle combo 1 2
Axle L

Sub-assembly Frame assembly

5,000 Axle combo 4
Calipers, rotors | o
|

Input inventory Intermediate inventory

« Pull systems reduce inventory to the minimum
required to run production just-in-time

 Intermediate inventory is reduced or eliminated

* Input inventory is minimized

» Operating speeds are matched to demand
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Build sheets (“broadcasts”)

* Printed sheets are attached to each vehicle or
module

» Sheets are in production order

» Contents of sheet:
— ID: VIN, date of manufacture, sequence no
— Parts: part numbers, quantities, colors, rev. levels
— Categories: Sales codes, export market, trim level
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FCA Broadcast
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Example Toyota build sheet
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Motivation to Stop Printing

Broadcast sheets require a lot of printing:

— 500,000 vehicles/year * 5 pages/vehicle *
$0.05/page = $125,000/year!

— Printer service contracts: $1,000/printer
Paper must be attached to vehicle

— 5+ seconds/vehicle of operator time

— Downtime when printer doesn’t work
Operators rarely look at broadcast sheets:

— Computers now show part numbers and do error
proofing

— Everyone has mobile devices already...
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Webapp — Broadcast Sheet
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Build sheet - China
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Build Sheet - popup

Part Info for HORN-BRACKET (M087)
Selected: 63268165AA Ll 65AA.» 04).

Others: N 0 (91 ).

Sedj YIN FParxt Na

B UL1S50610 0
3520 L1000 0
@O ELIEEM o
Eru] GL12109S ]
Irla . 14745 1A
GL1%2615 HO
GL 1250 ]
BL121002
EEEEEEEE
GL1E9H3
Showing 1 to 10 of 141 emiries Previons 1 2 3 4 5 15 Nexx

» Statistics: most vehicles don’t get this horn
..~ bracket
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Webapp — other lines
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Broadcast Webapp Review

« Broadcasts are needed for lean production

« But the webapp is cheaper
— No paper or printers (i.e., use tablets or mobile devices)
— Operators don’t have to attach/remove paper
— Easily change layout

* Real-time production information
— Dynamically updating position, inventory levels
— Interactive color display

— Assists pull between production lines by looking at other
lines
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Production Line Layout

] New pipe
Std. pipe New pipe |ew pipe

Fuel tank &
exhaust pipe

I |
Station 1:
—)

24G tank 16G tank

« Adding part complexity creates storage
problems on the production line

“ »_Solutions: sequencing or kitting
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Sequenced pull (Sequencing)

« Sequencing carts:
— Single stations
— Only a few part choices for same type of part (e.g., exhaust pipes, wiring harnesses)
— Every vehicle must get this type of part, but some options are low runners

» Traditional approach: carts and printed sheets

Jt 7 « New approach: carts and tablets (webapp)
FoxCon 2016, David Johnson



Sequencing carts

7 4
NATIONAL =
GEOGRAPHICER

+~7 +» Engine wire cart

e,
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Printed Sequencing List

1-335 | 2-365 | 3-335 | 4-335 | 5-335

6-349 | 7-335 | 8-338 | 9-349 | 10- 335

» Every vehicle gets a chassis wiring harness

« Only a few part choices: 335 (reg.), 338 (long), 349
(foreign mkt), or 365 (rhd)

-7+ 5xd cart (25 harnesses), 2 carts
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Sequencing Webapp

Currently Selected: Chassis Wire select printer: -

‘ﬂ Start Seq. (Last 4 minimum): 214402750 : @ '"-_“'
# Sequence CH-WIRING Receive Time #
1 4402750 335AB 01-24 14:54:13 1
2 4402760 365AA 01-24 14:55:35 2
3 4402770 335AB 01-24 14:56:46 3
4 4402780 335AB 01-24 14:58:11 4
5 4402790 335AB 01-24 14:59:23 5
6 4402800 349AB 01-24 15:00:32 6
s 4402810 335AB 01-24 15:03:44 7
8 4402820 338AB 01-24 15:05:21 8
9 4402830 349AB 01-24 15:06:30 9
10 4402840 335AB 01-24 15:08:07 10

« Operator clicks each row when the part is placed into the sequencing cart.
, — The row turns green
e & Less common parts are colored differently
<3 — E.g., foreign market parts, low runners
FoxCon 201 6, David Johnson



Sequencing Webapp

Currently Selected: Chassis Wire select printer: -

@ Start Seq. (Last 4 minimum): xisa02750 = @ Q

Seguence

#
1 4402750
2 4402760
3 4402770
4 4402780
5 4402790
- 4402800
F 4402810

8 4401827

10 4402840

&
i

il
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CH-WIRING

335AB
365AA
335AB
335AB
335AB
349AB
335AB

349AB
335AB

Receive Time

01-24 14:54:13
01-24 14:55:35
01-24 14:56:46
01-24 14:58:11
01-24 14:39:23

01-24 15:03:44

qlmhum—x%

01-24 15:08:07



Sequencing Webapp

Currently Selected: Chassis Wire sekectprinter: -

@ Start Seq. (Last 4 minimum): ;154402750 @ 0

# Sequence CH-WIRING Receive Time #
1 4402750 335AB 01-24 14:54:13 1
2 4402760 365AA 01-24 14:35:35 2
3 4402770 335AB 01-24 14:56:46 3
4 4402780 335AB 01-24 14:58:11 4
5 4402790 335AB 01-24 14:539:23 5
6 AS0ZE00 349AB 01-24 15:00:32 6
7 4402810 335AB 01-24 15:03:44 ¥
8 AL03H20 338AB 01-24 15.05:21 B
9 4402330 349AB 01-24 15:05:30 9
10 4402840 335AB 01-24 15:08:07 10
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Sequencing Webapp

Currently Selected: Chassis Wire sclectprinter: -

I@ Start Seq. (Last 4 minimum): 20161102750

# Sequence
1 4402750
3 4402770
4 4402780
5 4402790
L] AA0ZE500
T 4402810
g SA0EEZ0
g a0z
10 4402840
b
4
— ¥
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CH-WIRING Receive Time

335AB 01-24 14:54:13

335AB 01-24 14:56:46

335AB 01-24 14:58:11

335AB 01-24 14:59:23
— 01-24 150032

01-24 15:03:44

335AB

01-24 1508 21

0124 150630

01-24 15:08:07

335AB

S0

#

10



Sequencing Review

Bring to the production line only what is needed,
when it is needed (pull)

— Less storage on main line

— Less work in progress

Sequencing carts minimizes operator errors due to:
— Forgetting which vehicle you're working on

— Accidentally grabbing the wrong parts

Sequencing is appropriate for:

— Single stations

— Only a few part choices

— Every vehicle must get the part

New webapp is cheaper and faster
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Intro to Kanban Pull

* (Video 5: Kanban Pull Simple)

« Kanban uses visual cues to trigger upstream
production lines to run

- Output is a multi-part assembly (kit)
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Kitting on production line

(Video 6: Sonic Production at Lake Orion, GM)

Kitting area is used for complex sub-assemblies
~ — Kit is made per vehicle, not per station

L= — Kit rides down production line together with vehicle
FoxCon 2016, David Johnson



Kanban Sequenced pull (Kitting)

O _JjOL_JO[L_]
Kitting area
O JOL_JOL ]

« Almost as good as single-piece flow

K319

» K318

<4—

K310 [*

K311

Main line

— Just-in-time sub-line provides groups of parts to Main line
— More complex than sequencing

 Digital picking system (aka, pick to light)

— Don’t have to know what different parts look like
— Don'’t need broadcast sheets
— Just grab the parts where the lights are turned on
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Digital Picking System

 Picklights are per-part
« Remove number of parts indicated by counter
.~ * Push button to confirm

iy
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Kitting Area layout (abstract)

Bolts Skid Plate Muffler 1 Muffler 2
O[E1e ]| |O O[s1e] OL__] O [3E19]
Kit K319

—> . .
To main line

 Kit is designated for a specific VIN on the main line

 Lights only turn on if part is required
» Button must be pushed to proceed
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Kitting Area Server
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« Server communicates with picklights
~wirelessly

<+ Kits are automatically tracked
FoxCon 2016, David Johnson



Kitting Area Client
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* Floor operators can check batteries and
. verify picklight status
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Kitting Area Overview

K319

» K318

O _JjOL_JO[L_]
Kitting area
O JOL_JOL ]

K310 [*

K311

Main line

« Part complexity is confined to kitting area
— New parts don’t require more space on the Main line

— Build more carts, push back and forth

* Inventory management is simplified
— Minimum intermediate inventory
— Fork trucks don't drive into Main line
.-~ — Boxes are sent back to OEM (dunnage)
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Review

» Lean manufacturing
— Pull from inventory, don’t push

— Waste is eliminated by building only what is
needed, just-in-time

— Visual indicators are used to drive workflow
— Computers are an integral part of the process

» Broadcast sheets are not printed
» Sequenced pull is used for simple part sublines

« Kanban sequenced pull is used for complex
sublines
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A PRACTICAL GUIDE FOR
IMPLEMENTING TOYOTA'S 4Ps

ﬁ JEFFREY K. LIKER AND.DAVID MEIER ﬁ Thank you to my employer
Toyota Way Fieldbook Izlrkpermlssmn to give this
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_* See www.djohn89.com for links
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Questions?

Now it’s too lean

(Shuttered GM plant in Janesville, WI, closed in 2009)
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