Caterpillar: Transforming the Business
with a Live Factory

Marty Groover, Operational Technology Leader
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A Fortune 50 global enterprise

2016 sales and revenues of ~$40B

Global team of more than 100,000

Nearly 500 locations in 50 countries (manufacturing, marketing, logistics, service, R&D and dealer locations)
Dealers Network and Products at work in more than 190 countries around the world

Construction Mining Diesel & Natural Industrial Gas Diesel-Electric
Equipment (Gas Engines Turbines Locomotive

PRODUCT LINE
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BCP GLOBAL FOOTPRINT
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55 competitors in China Outnumbered in physical Customer loyalty
35in the U.S. channels 8to 1 is Unacceptable

®
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Employees will manage and Managers will see business results

take action for their part of the In real time, and perform what if
business in real time. scenarios to better manage
business.

®
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Bl
-

Using new digital Physical and digital
capabilities to transform channels will be aligned
the physical channel with business process and

tools, so customers can go
in and out of the different
channels seamlessly
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Business Transformation

= Business Transformation Scope —_———

F i

Customer <+  Dealer «———+  PDC «———  Factory Supplier
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Digital Board Room
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Execution Source/Make/Deliver
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Retail Strategy
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IT Solution

Long Development and Deployment Cycle
About the Technology and Software
Development Focused

Perfection vs Progress

Perpetuity
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Business Transformation

Short Projects — Solve Specific Business Goal

About the Customer
Out of the Box Solution
Results Focused

Productivity
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LIVE FACTORY
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Converge Technology

Vision .
Man, Machine, Method

&

&)

Energy Optimization Machine Performance

Manufacturing Intelligence ‘

Speed of Retall Consumable Optimization Process Standardization

Common Operating Environment
Codify LEAN

Mission

‘

Strategy
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Caterpillar: Non- Confidential



Facility Performance
Metrics

Digital Manufacturing
Insights

Vehicle £

A i Ml
* T 45%
Insights % “,_] B ’
; V:__-'l'_l_.l. ]
OEE =t Digital
e—— ] | = '
e vl g i— o Delivery
Predictive Q = : ; Facility
Maintenance & _Sensor - = K Perfgrmance
- Metrics
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OT Applications

Strategic — supports
long-term planning

)

Tactical — supports
management reporting

)

Operational — supports
day-to-day efficiencies
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Energy Optimization Machine Performance

Predictive Maintenance - loT
Machine Data - OEE
Facility EQquipment Monitor

Power Quality Monitor
Water Management
Climate Control Savings

Consumable Optimization Process Standardization

&

SAP Leonardo%@

Phase |

®
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Vehicle Insights - loT
Dock to Storage - loT
Critical Parts Tracker
OPACC Digital Board Room

Digital Delivery - loT
Digital Manufacturing Insights
Facility Performance Metrics




Connecting the Digital Supply Network

Assurance of
Supply Center

Ground Transportation
Operations Center (GTOC)
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Digital Delvery
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Shop Floor to Top Floor Live Connection

2

F
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Total Transparency Real-Time Simulation 360° view of your business
Real-time Analysis “what-if” Any detail available

®
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Manufacturing Common Operating Environment

Global Manufacturing Insights

Material Group Engines &

Personalized

Planned vs. Actual DEFECT PER UNIT DEFECT N BUILD ONFORMAMNCE - U ONFORMAMNCE

99.5. 43 .1 6455.-

Plan: 629040.00 Threshold: (C:50-100. A-8-50) Threshold: (C-90-200, A-50-90) Threshold: (C:0-75, A-T5-90) Threshold: (C:0-75, A-75-90)
.YTD BRC. YTD BRC, ¥YTD | BRC. ¥YTD

fALL .

Global Contributors: DEFECT COUNT

Region Actual
MPO1

592
AFRICA
MPO3

302

SOUTH AMERICA

MPO2
SOUTH EAST ASIA

293

AFRICA
592

®
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Manufacturing Common Operating Environment

o SAP Home - DMI Launchpad ="

MANUFACTURING INSIGHT STANDARD KP1 PERSONALIZED KPI MONITORING DMI CONFIGURATION COMPOSED APPS

STANDARD KPI

BUILD CONFORMA __ COMPL ITEM ACC COMPL PERF PRO___ DEFECT COUNT DEFECT PER UNIT FIRST PASS YIELD PROD ORD COMP ___ QUANTITY ACCUR___ SCHEDULE CONF___
Build Conformance Compiletion itemn Accur.__ Completion Performan___ Defect Count Defect Per Uniat Fust Pass Yield Production Orders Com.__ Compiletion Quantity A___ Schedule Conformance
BRC BRC BRC BRC BRC BRC BRC BRC BRC

914 . 922 . 64 .0 - 4404 2.957 99 .8 -« 92 .0 99 .6 - 15.9 «

YD YTD Y1D YTD YD YTD YD YTD YD
START ON TIME FINISH ON TIME
Start On Tane Fnish On Time
BRC BRC

70.0 65.5 -

| e ™ |

BUILD CONFORMA __
BC_MPO1_WC001_W.___
2 nodes

89.8 .

YTD

®
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MRP Zones of Defense
* Build Sequence Short Part Dashboard ™ | Hot Part In
* Line Checker Dashboard / Factory not in POU
* Vehicle Insights y.
Short Part Not in
Factory

A )
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FROM: Static, Manual Intensive Data Mining Process TO: Real Time, Constantly Updating Process

My Home  Top 10 Past Due Suppliers (Last ... Assembly MHE / STTT Prime Pro...

My Home

7 Day OnHand Safety Time D02 Andrew Wynn D03 Lance
Supply - Roll Up OnHand Supply - Monitor Carpenter Monitor

Monitor Moniter Monitor

w78 | = 16 | = S| = 2=

Materials

Materials Materials Materials

D08 Joan Weckler
Monitor

D0S Stacy
Robinson
Monitor

D10 Bill Pattillo
Manitor

D14 Matt Hall
Monitor

D1Y Stacy
Robinson

185

Materials

10 46

OLYMPIC STEEL O'NEAL TMF CENTER, CTP MAYVILLE
INC. (J2339K5) MANUFACTURING INC. (E9605M0) CORPORATION ENGINEERING CO
(J5016P5) Monitor Ionitor

LEONI WIRING
SYSTEMS INC
Monitor

21

Materials

Materials Materials Matenals Materials Materials

ONE VERSION OF THE TRUTH
IN REAL TIME!

®
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S | e | EE |« Customizable Dynamic Groups & Tiles
Monitor . aﬂ;i:‘ - 2o
pec b AL mﬁ% — Days of Coverage Customizable by Supplier Location

* i.e. North America, Overseas or VMI
p1Y Stacy

Robinson
Monitor

D10 Bill pattillo
Monitor

N — —— —  Create Multiple Material Coverage Groups

Matenais
. 10

f-'

— MRP Controllers by Direct Supervisor

Ma&eriaﬁ

— Top 10 Past Due Suppliers

' Top 10 Past Due Suppliers (Last 30 Days)

OLYMPIC STEEL ONEAL TMF CENTER,
INC. (J2339K5) MANUFACTURING INC. (E9605M0)
(J5016P5)

CTP
CORPORATION
Monitor

Dynamic Tiles with AUTOMATIC REAL

l Y A R :
TIME UPDATES =T

Materials
- Materials

Materials
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CPT - Critical Parts Tracker — Line Checker Dashboard

Enough inventory line side to Enough inventory line side to cover

cover 5 Day’s Build Today and Tomorrow’s build

Status Supply Area Storage Bin~ Material | Description C Qty BUn Putaway Qty Pi
WCO JQWEIVO3 E2IQR3600 2609174 ADAPTER AS-STR  03/29/2017 79 EA 0
WO JQWEFTO1 E1JQR3720 2077886 SENSOR-FUELLVL  03/27/2017 6 EA 27
WO JQWEFTO1 3760487 PUMP AS-FUEL 03/29/2017 16:08:45 8 EA 0
o JQWEFTO1 3702008 VALVE ASFOOT  03/29/2017 18:00:01 9 EA 30
CrE JOWEFTO01 1360344 GROMMET 00:00:00 115 EA 0
crE JQWEFTO01 167206 FILTER-FUEL 00:00:00 56 EA 120
crE JQWEFTO01 3790525 HOSE 00:00:00 45 EA 0
CcE JQWEFTOL 3790526 HOSE 03/30/2017 08:15:52 13 13 EA 0
crmE JQWEFTO1 3700728 BRACKET AS 00:00:00 42 42 EA 0
@ JQWEFTO1 3826351 FILM-SHPG NOTICE 04/03/2017 05:56:47 45 45 EA 0
CrE JQWEHTOL 3790820 SWITCH AS-ROCKER 00:00:00 32 32 EA 0
CrE JOWEHTOL 3790821 SWITCH AS-ROCKER 00:00:00 31 31 EA 0
CrE JOWEHTO1 E1JQF3821 3790715 BOX AS-REFUEL 03/30/2017 17:56:31 18 18 EA 0
@0 JQWEIVD3 A2IQRO510 4257816 TUBE AS 03/29/2017 08:47:12 7 7 EA 0
OnC JQWEIVO3 4257817 TUBE AS 03/28/2017 05:04:40 : 8 EA 40
@O0 JQWEIVO1 A2IQR0O030 3491812 SWITCH AS 03/27/2017 05:34:15 75 106 140 140 ¥ 11 EA 0
Woo JQWEIVO1 419533 BAND-HOSE 03/23/2017 20:24:22 25 EA 0

Not enough inventory line side for Capability of viewing

today’s build: potential stock out warehouse inventory

®
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Material Count Negative Bins Day 1 Day 2 Day 3 Percentage Green

Excluding Kits P ] P ] P @ Day 1 Day 2 Day 3
Implement Valve 202 0 49 153 49 153 94 108 76% 76% 53%
Swing Frame 215 12 45 170 45 170 72 143 79% 79% 67%
Radiator, Firewall, Counterweight, Cab 231 28 53 178 53 178 80 151 7% 7% 65%
Boom & Stick 245 28 75 170 75 170 93 152 69% 69% 62%
VAB, Work Tools, EOL 73 14 22 51 22 51 27 46 70% 70% 63%
Op Group, Engine, Joystick, Adapter 294 23 91 203 91 203 125 169 69% 69% 57%
Angle Blade, Base Frame, Swiwvel Joint, Swing Motor, ML 1-9 163 20 42 121 42 121 63 100 74% 74% 61%
ML 10-22 132 4 53 79 53 79 60 72 0uUY0 60% 55%
MHE Summary 1,555 149 430 1,125 430 1,125 614 941 72% 72% 61%
viceeiar woune v dative Bins Day 1 Line Check Coverage

P (0] Day 1 Day 2 Day 3

Implement Valve, Swivel Joint, Swing Motor 0 0 240 92% 79%
Swing Frame 0 0 205 4 /L /N 1oy 87%
Radiator, Firewall, Counterweight, Cab =) 10 10 213 19 204 39 184 83%
Boom & Stick 195 3 3 192 8 187 26 169 87%
VAB, Work Tools, EOL 76 3 3 73 7 69 12 N 84%
Op Group, Engine, Joystick, Adapter 305 9 9 296 21 284 60 245 80%
Base Frame, ML 1-9, Angle Blade 144 5 5 139 10 134 31 113 | 78%
ML 10-22 133 ( 7 126 17 116 28 105 950 87% 79%
MHE Summary 1,521 37 37 1,484 106 1,415 272 1,249 98% 93% 82%

A )
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Merging Physical Assets with Transactional Results

SAP Vehicle Insights Integrating:

« SAP ERP Transactional Data

« Material Handling Equipment Performance Data — Powerfleet

» Logistics Replenishment Material Flow Rate and Routing Plans

g
1
b
0
]

1
§

0

a

SUNGCGHEINRICH

SAP Vehicle Insights — Intra Logistics Fleet Management

SAP
SAP Vehicle Insights

Safety Analytics

D |.D. Systems’

Transforming Mobile
Asset Management

A )
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] < ©“ SAP ( N nance Overview v

Replenishment Types (5) |

Search Q

)

Bulk Kanban Picking

Canopy Picking

Al o k de Target TOs Q aQ ] G
Kit Picking
25 - - 500
- M Total TOs
. . Tar_TOs
Small Bin Delivery -
Q- 2387 387 387 2387 387 337 287 387 387 ,
o 369 369 369 369 36. 369 369 369 369 369 369 369 L 400 Open_TOs
o 17
l_l
Small Bin Picking E ois- “30 &
o & 12 12 12 12 12 12 12 12 =
w =
o 10 10 2
o

(|
I
I
[
o
o

(R = - L I E -} < = L o = i - E " % - i - J L o
o = o r £\l o = =z 2 T ©w o = £ | @ O
g » 3 § 8 @& 2 & 2|6 g » § 2 © = < o 2 2 2|5 g
10 1
Hour / User

Merging Physical Assets with Transactional Results

®
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Performance Detail by User v

< Operators (16) Operators Performance

Replenishm

Search
Search

AKINEB COLECJ1

Bulk Kanban Pick Efficiency: 90.36%

9

Date: 2017-08-14

COLECJ1

Canopy Picking

Impact Locations

COUSAR

Operator Vehicle Severity Impact Date Vehicle Type Group Make Model Opr Ext ID

ReachTru
colecj1 V91 Low 8/14/17, 2:42 PM ReachTruck ck.Athens
Crat

Kit Picking

DOLBYMK

Small Bin Delive

ELLISM
Small Bin Picking EVANSC5

FREEMM

GREEI E =

15
16

JOHNY <

PRINTED 07/24/2013 = e -5
LETTS L% L. fat e +

— - e — ™ _—

PNADNINLING www.sap.com

®
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CURRENT DEPLOYMENT: MHE Assembly Stock To POU

IMPROVES: sAmetle

* People (Impact monitoring, forklift safety checklist) ON YOUR % Rp.*hmvs“
* Velocity (Standard vs Actual performance) PHONE s
* Cost (Asset utilization) TG o 12

August 15,2017

NEAR TERM MGPP: P —
* Improved Access Point Traceability (5GHz ID Systems Units)
* Load Sensor Calculation

* Expand to Full Facility EST: $700K s
ANNUAL : :
LONG TERM MGPP: SAVINGS N ,

e GPS Like Location Tracking
e Automatic Material Confirmations Based On Location

®
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Preventing Impacting Machine Failures

Launch Application Configure Insight Providers Configure Platform Components Manage Data Science Services

Asset Health
Control Center

S5

Configure Insight Providers

Asset Explorer 2D Chart Components Key Figures Key Figure Sets Work Activities Derived Signals

* ]

3D Chart

®
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4 Mazak Machines s h Jarry Parr [2+ 1]

FREEDOM’

FREEDOM® 4 FR-LT6T Sick BoomH6  + b
oot St N - B XN S oooa

( 308 LINE ) ( LT6T BOOM / STICK / UPPER FRAME | [ L7eT UNDERCARRIAGE | MACHINING
Machine List Summary View GENERATED 2017-06-01 11:04:09 DT — ——— e A e L
ot . 308 Vaue Svram 3 o
Summary View 2=‘ ity Availability 52388
e : 10000
2017-06- Quatny Gusity 100008 LTST BAY/SKAF LiNE

05:00 6 0618 06:45 0711 07-37 X o} . 09:22 C
L i f L H f f H

| ——
A H ’ H_L“_i

5428% LTET BM/SKIUE LINE
B484% LTET EM/SKIUF LINE
7020% LTET BMVSKIUF LINE

SBSTN 308 Value Stream

LT6T UG/MACHINING LINE

Feedrate Overrides 308 Line LT6T BM/SK/UF LINE
On-Part
Power 124
Programs - _ ; H H 2
Team Lead s £ ! 1 i H
Cycle Data & H H s § i
g Dashboard E s I g 328
3 - 3 £ 3 s S 2 & 3
s . S —
Events - 2 g i g Z‘ E E 5
Weld i i N = &2
Robot Schedule g : E :
28 2 3 ¥
Operator Composite P— InCycle InCycle in Cycle In Cycle In Cycle g & A E L -
Home I h o
Er Event Event
Screen LT6T BMISKIUF (st
A FREEDOM [rrrarremy PR -
. CT— EXI I - ST I C
<Rl 308 LINE LT6T BM/SK/UF LTET UCIMACHINING [ osTTT |
i)
308 SUB ASSEMBLY 308 CENTER FRAME J

Section
Manager Top
Level
Dashboards

308 HALF SUB ASSEMBLY 308 BOOM STICK 1

3

308 TRF 308 UNDERCARRIAGE
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Live Factory — Freedom elLog

2.80

2.60

2.40

2.20

2.00

1.80

1.60

1.40

1.20

1.00

MHE Fabrications
Variable Labor Efficiency

35%
Reductio
n

Freedom 4.0
Rollout

P S S S

<>

'bk L Y N & o%
N\ I:Ingor Egﬁcienc?o —\Targe?‘

$360.00

$340.00

$320.00
$300.00
$280.00
$260.00
$240.00
$220.00

$200.00 L

MHE Fabrications
Variable Labor Cost/Structure

Freedom 4.0
Rollout

20%
Reductio

5 $237.00

S N N N I

Ny
N ; ; : ; : 2 2 ;
LN R AR Q'b* RO WK

[ Cost Per Structure — e ATS

29
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Previous State:

Point where
failure starts

tooccur  Early Signal 1
i i i Early Signal 2

Reactive/preventative maintenance '%' ’ ' ' B
No trending of machine data 2 Audible Noise

=]

O
Limited awareness of machine conditions = 4 , Hot to Touch

=

Q
Breakdowns occur without warning £ PdM Detects

é Problems Early /

. Broken wes Equipment Fails H : =
Phase 1 Current State: naate »Z/A
\

Added predictive maintenance tool
Automated statistical analysis of spindle load, spindle temperature, Cost to Repair
and Z-axis load Time —

Improved awareness of machine conditions

Preventing Impacting Machine Failures

A )
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MACHINE
SENSOR DATA

* Spindle Load
* Spindle Temperature
* Z-Axis Load

Caterpillar: Non- Confidential

Mazak V100 Machining Center Example

DATA COLLECTION & e
NORMALIZATION e BEAMSE
+ Fesdome TATISTICAL
ANALYSIS
* SAP PdMS

* Data Trending
* Data Relationships

System Predicts Machine Failures

AUTOMATED
NOTIFICATION

* Maintenance Work Request

CATERPILLAR’



Workflow Integration and Next Steps

PdMS Screen Shot

== |

2D Chart

Select Measurements

Lines

1 Year 1 Month 1

-/ AUTONOTIFICA]

Change Notifications: List of Notifications

@6‘?@ = é??u{ﬁﬂ [ order

Typ
71
71
71
71

zal
zal

Notification
100624686
100622812
100621606
100641796
100635090
100642711
100624622

Z1
|'| @ N535439
00634705

100634702

100634675
100634706
100634707
100634708
100634709
100634725
100634728
100634772
100634784
100634839
100634850
100634662

Order

4000531891
4000527740
4000526204
4000574978
4000560052
4000576010
4000531526
4000560881

4000559666

A
A
A
A
A
A
A
A
A
A
A

EolE Sl

& Order

Room Equipment
1770MC0007
1770MC0007
1770MC0007
1770MC0007
1770MC0007
1770MC0007
1770MC0007
1770MC0007
1770MC0007
1770MC0007
1770MC0007

Notification B 7 % B B

Description of technical object

Mazak Machining Center, Versatech V100
Mazak Machining Center, Versatech V100
Mazak Machining Center, Versatech V100
Mazak Machining Center, Versatech V100
Mazak Machining Center, Versatech V100
Mazak Machining Center, Versatech V100
Mazak Machining Center, Versatech V100
Mazak Machining Center, Versatech V100
Mazak Machining Center, Versatech V100
Mazak Machining Center, Versatech V100
Mazak Machining Center, Versatech V100

1770MC0007 @ Mazak Machining Center, Versatech V100

1770MC0007
1770MC0007
1770MC0007
1770MC0007
1770MC0007
1770MC0007
1770MC0007
1770MC0007
1770MC0007
1770MC0007
1770MC0007
1770MC0007

Mazak Machining Center, Versatech V100
Mazak Machining Center, Versatech V100
Mazak Machining Center, Versatech V100
Mazak Machining Center, Versatech V100
Mazak Machining Center, Versatech V100
Mazak Machining Center, Versatech V100
Mazak Machining Center, Versatech V100
Mazak Machining Center, Versatech V100
Mazak Machining Center, Versatech V100
Mazak Machining Center, Versatech V100
Mazak Machining Center, Versatech V100
Mazak Machining Center, Versatech V100

Description

Clean coils behind air fitter on the Dai
package up old w100 spindle

Issue Grease to Operations for V-100
Drain coolant on Saturday before second
Replace the Way covers on the V-100
Exposed wires at junction box V100
Replace the window on the V-100
MAZAK V-100 PALLET GREASING
Severity >= 75

Severity >= 75

Severity >= 75

Severity >= 75

V100 Table on sensor malf.

Severity >= 75

Severity >= 75

Severity >= 75

Severity >= 75

Severity >= 75

Severity >= 75

Severity >= 75

Severity >= 75

Severity >= 75

Severity »= 75

Severity »= 75

Motif.date

29.06.2017
23.06.2017
20.06.2017
23.08.2017
02.08.2017
25.08.2017
29.06.2017
03.08.2017
01.08.2017
01.08.2017
01.08.2017
01.08.2017
01.08.2017
01.08.2017
02.08.2017
02.08.2017
02.08.2017
01.08.2017
01.08.2017
01.08.2017
01.08.2017
02.08.2017
01.08.2017
01.08.2017

Notif. Time Cha

13:56:18
07:5%:35
11:13:14
13:59:22
13:45:01
11:00:09
06:47:38
16:30:00
20:41:02
22:41:00
20:41:02
20:41:02
18:00:00
22:41:00
00:41:00
02:41:00
04:41:00
16:41:02
18:41:02
20:41:02
20:41:02
08:41:00
22:41:00
12:41:02

G4
G4
G4
G4
G4
G4
G4
G4
G4
G4
G4
G4
G4
G4
G4
G4
G4
G4
GH
GH
GH
GH
G4
G4

Next Steps

* Increase number of sensors on machine to identify where risk is occurring
* Add additional machining centers (Phase 1)
e Continue to streamline information flow to build real-time dashboards
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We must start small, get real world reactions, adjust, and generate value along the way

2016=175 8 o
J PRaSess!
Phaserids . | I;ull l(_)PAcc
| Expand & Refine ealization
T Prototype & Discover = Continue to Add Digital Thread

Rollout to Additional BCP Facilities

Enable Industrial Retail Strategy

Develop Strategic to Tactical Digital Thread
Business Case Refine / Tracking

Leverage Enterprise Capabilities
Factory “beta” Testing in BCP Athens
User Feedback

Validate Value

Business Case Creation

Create MGPP for BCP

Steady-State
= Rollout to Remaining BCP Facilities

= Continue to Refine Digital Thread
. = Fully Connect with eCommerce Solution
Scalable Foundation «  Accelerate Benefits
= Design & Build Common Operating Environment = Business Case Refine / Tracking
= Develop Deployment Plan for MGPP ®
= Business Case Refine / Tracking
= Connectto DSN Phased

Phase 2

®
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Marty Groover, Operational Technology Leader, BCP



