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Our Mission:

Propulsion System Leader for
Combustion, Hybrid and Electric Vehicles

© BorgWarner Inc. 4 x BOI‘QWCII‘IIeI'



BorgWarner at a glance

o~

Locations Countries

Financial and Employee information as of February
Location information as of:




Strategic Global Operations

19

locations locations
in Europe in Asia

BorgWarner partners with customers around the world to bring the
right technology to market at the right value.

S A
? ¢ k ; Locations as of January 1, 2018{
: P -



Morse Systems at a glance

18 Locations
10 Countries
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Morse Systems Key Product Areas

DRIVETRAIN CHAINS ‘&%, ENGINE TIMING SYSTEMS
Transfer Case Drives . Timipg Chain
Transmission Final Drive - Chqln Control S_ysftems

Off-Axis Hybrids = Variable Cam Timing
Conventional and CVT SOLENOIDS AND
ACTUATORS

= Qil Control Valves
= Variable Force Solenoids
= Brushless Motors

BATTERY
CHARGING

PO Tensioner

Combustiol Hypfid 7 Electric

© BorgWarner Inc. 8 x Borgwal'llel'



Engineering Centers
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Objectives of Auros Implementation

More efficient Product Development Process

Foster Knowledge sharing and growth



Population of software considered

@ Goldfire <gsateharbor M
. ATTIV/IO®  Yammers

ok \‘“ | ’r/,,- Thn Eberiem © il N bvsimes
+G;i;w mtelhgencehanw S centraldeskto s===
6 KBPublisher ‘xconfluence E> CharaBaint
OneDrive o o2
@reshdesk &fz\’ﬁ)'-"@-%
¥JIRA Software L tibbr
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Initial Review of Tools & Solutions

Office 365
Google
Current MIX| Goldfire Auros Jira Confluence Drive Tibbr Yammer |SharePoint | OneDrive
Community Email No X X X X X X X X
Accessibility| Web-Based ICE X X X X X X X X X
Languages Various X X X X X X X X X
Internal Network X X X X No No No No No
Searchability| Proximity No X X No No No No No No No
External Google X No No No No No No No No
Knowledge ? No X No No No No No No No
Assessments
Project ESO-ICE No X No No No No No No No
In Workflow No No X No No No No No No No
LL-Approval-
Llf;c;‘:::ﬂign: Authoring Apsrf:;'al— No X No X No No No X No
Post
Reviewing ICE No X No X No No No X No
. PDP & Software Store, Share,| Doc Store, Social Social e Stt.)re, Doc Store,
Prima ry Use b KM Jevelipmen Organize |Sync, Share | Networking | Networking Ogghaarllze, Sync, Share




Auros Pilot Scope Map

| I ‘ Fully Functional | Place Holder | Out of Scope |
Product
Prototype Manufacturin Qualit Testin Analysis | Purchasin
Development e E U & v E

Applications Components Group 2 Group 3 Group 4 | Advanced
Program . . B
)
SOR Assumptions Design Knowledge Design Validation ESO
_ Project Assumptions DKP Checklist DVP Checklist ESO Checklist
information Form
Program Guide file Design Component
J
Information Drawings Procedures DVP ST EEOK (201
Product . Lessons Customer
e Catalogs Learned System DVP DVP ESO2 ESO3
NUD PLM CAD Test Analysis Open
Identification Integration Integration § Requests | Requests Issues
Requirements Management (PROI) DKPR DVPR ESO
Requirements 2> Design > Validation >  Approval

Pad BorgWarner CONFIDENTIAL INFORMATION
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Auros In Morse 220 Product
Engineers and

GO LIVE TS USA/EU Designers
MAY 2018 7 Product Lines

10 global locations

GO LIVE TS Asia and
Solenoids Globally
August 2018 b

| =

GO LIVE VCT Globally
mid September 2018

3 BorgWarner



Development Approach

Core Team of experienced senior Engineers, owners of the
Design Guide content, meets more then once a week through
Skype

Face to face workshops
Group of Key Users, one for each product line and location
Product group teams

Steering Committee reviews



Creating K-PACs from the D

Fl —

Engine Applications @

Design Guide &

Functional
Statements

2

Guidetfile
Drawings

Design

Checklists Procedures

Bookshelf
Products & Lessons

Components Learned
Catalogue

© BorgWarner Inc. 18
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Morse Product Development Process

Development Process Application Process
IESO K 1 IIESO K 1 2

l |
Ol « T [P

— 1\ )

3
|
|

l
!K 1|l 2

3

o Bookshelf
Product




Engineering Sign Off in Auros

o e el I etmmad I "‘.I E_-?__I Tensioner Arm

Hydraulic Tensioner

Mechanical TEI‘ISIOI‘IEI’

Sprocket

Chain Gmde

| 4 Chain

5l Lessons . . | | | , |
L 5B Leamed DG-CP-LL * Engine Chain Lessons Learned W V K R R
6l
B DFMEA sl Reviewed
— 7 as applicabl ‘ ‘Requimmem‘ Document | Evidence/Output E?;;" - (1 IR)
Critical
7 ! System K] 1]2]3]a
- 8l Mana, 1 - |
geme L e
as aoolicabl 1A ] ~ervs ¥ " N Bec
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- 10 > v
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Use Statistics to now

Number of active Users:
Number of active CoPs:
Number of K-PACs:
Number of Assessments:

Number of Issues:

177
8
1580
284
371
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Auros set up for Morse Engineering



CoPs

Applications - Engine Chain Drive Systems (APP)
“ % Arms or Guides (AGP)
Actuators (SOL)

Chain Products (CHAIN)

Hydraulic Tensioners (HTEN)
Hydraulic Variable Cam Timing (HVCT)

Mechanical Tensioners (MTEN)

Sprocket (SPK)

© BorgWarner Inc. 23 x BOI‘QWCII‘IIeI'



K-PACs

© BorgWarner Inc.

K-PAL Tite Guide Free Strand
Descrigtion # of unsupported free strand chain pitches from guide coatact at both ends
Addrional Informanico Insufficient free-strand length may result in NVH and chain guide face
pitting. Large free-strands may allow chain strand vibration also resulting in
face darmage.

Description of ENTRANCE and EXIT free strand locations for a fixed chain
guide.

Entrance Free Strand Exit Free Strand
Pitchas Pitches
Range Range

L

Other Info
Notes
K-PAC Type Author Atzberger, Brian
Checklist (b.:;:'w)
Criticality Contact
K-PAC Status Active
Current Version Published Date 22-Nov-2017

K-PAC Core Tamplate Sasic

Support Document
ESOGate 1, 2,3, 4
Drive Type Engine
K-PAC USE Application, Development
Product Type AGP: Guide
Attributes

Pushed To{CoP) AGP
Pulied By(CoP)
Document DG-APP-CL-001
K-PAC Lavel Design Rule
K-PAC Ref
K-PAC Sex

24

K-PAC Title Chain Drive System DVPR
Description Standard DVPR for timing drive system
Additional Information

Value Table @ ’—
Other Info ’—
Notes
K-PAC Type Author Atzberger, Brian
DVER (batzberger)
Criticality High Contact
K-PAC Status : K-PAC Core s
Active Template Basic
Current Version Published
Date 29-Nov-2017
Support Document ’—

Timing System Application DVPR Acceptance Engine Applications Guide File DVPR
Criteria Acceptance Criteria

Timing System Application DVPR Guide File DVPR Guide File

Filtering Elements o
ESO Gate 1, 2, 3, 4
Drive Type Engine
K-PAC USE Application, Development
Product Type ApP: System

Pushed To(CoP)
Pulled By(CoP)
Document MTP-E-GEN-007- Attachment A
K-PAC Level Design Consideration
K-PAC Ref
K-PAC Set

Teams

3 BorgWarner



Value Tables

Clearance
to all
engine
components

Value 5
Reported 1.91
mim

Minimum

© BorgWarner Inc.

25

Are all
fasteners
for BW
components
common
size (M6,
M8, etc.)?

Value YES
Reported YES
unitless

Yes/No

3 BorgWarner




Links to PLM

K-PAC Title Guidefile Drawing: Silent Chain Assembly
Description Inverted Tooth Silent Chain Guidefile Drawing
Additional Information See "Suppert Document” for Link to Teamcenter Guidefile Item.

drawings.
fwﬂ—i L I . o l—[r.xx]
L L 1 1 £ L H
Enter Image Text Here
Value Table
Other Info
Notes
K-PAC Type Guidefile Drawing Author Russo
Criticality High Contact Russo
K-PAC Status Active K-PAC Core Template Basic

Current Version Published Date 06-Nov-2017

nenti  Azioni Guida

@ My Teamcenter

= By GUIDE.0000005-CHN-ASSY-SILENT
% % GUDE.0000005/C-CHN-ASSY-SILENT
% # GUIDE-0000005D-CHNASSY-SILENT A
= % GUIDE.0000005/E-CHN-ASSY-SILENT A
+ @ BWMigPariRel
* @ 8W_Cust Dwgs
# @ BW_Customer_Info

# # Design

) GUIDE-0000005E
'+ () GUIDE.0000005/E-CHN-AS! VsusizzaT A
* @ Riferimenti

# ¥ GUIDE-0000005/E-CHN-AS VausizzaT A
% % GUIDE.0000005/E-CHN.AST VisaizzaT A
% GUIDE.000000S/E. CHN-ASY VisuslizzaT A
* %Essuuﬂﬁz-Pin Push Out Force

W
I~ - -Chain Identification System

# "/QS900001-Cieaniiness Evaluation

# @ catia_muiti model

Support Document
Silent Chain Assy GF Silent Chain Assy GF
Filtering Elements
© BorgWarner Inc. 26

Ix Eliminalg Pmpriet.-;]g Aggiungi ai preferm[ \

SIEMENS

Siemens PLM Softwars

EULY D e

| | - N LA
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Links to Sharepoint

B Export Action @&, Proximity Search Reports ¢ Edit Y= P— q

K-PAC Title Chain Center Distance and Center Distance Tolerance

Description Chain Center Distance and Center Distance Tolerance

Additional Information

Value Table
Other Info
Notes
K-PAC Type Design Procedure Au
Criticality High Cor
K-PAC Status Active K-PAC Core Temj

Current Version Published Date 06-Nov-2017

Support Document

CD Procedure
Chain CD Calculator

Filtering Elements

CD Procedure
Chain CD Calculator

Drive Type Drivetrain, Engine
K-PAC USE Application

Product Type CHAIN: HyVo, CHAIN: Roller/Bush, CHAIN: Silent

© BorgWarner Inc.
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Welcome Amatori, Andrea (Milan) = 0 ‘

sfoglia

Chain
F Borg‘Wurner Products Questo sto: Chain Pro[¥] @ srch | @
Design Guide

ICE Home | Functions / Business Units | Global Coundils/Teams | ICEWk| | ICE Toals | ExtralCE | My Site

Tutto il contenuto del site ICE = Functions / Business Units > Morse Systems > Morse Global > Product Engineering > Global Design Guide = Ch

Products Design Guide
Raccolte

bl rocscures A Chain Products ()
Training Material Design Guide &_

08 Tempiate: MP-E-GEN-004 Atachment A Rev A

Morse Design Guide No: DG-CP-DP- 003 # BorgWarner

Revision: [ Page 1 of 2
Originator: | Giuseppe Baddaria/Steve Siegert Effective Date: July 21, 2015
TITLE: Chain Center Distance and Center Distance Tolerance evaluation
\
1. PURPOSE

1.1. This design guide procedure is intended to outline the design procedure and tolerance specifications for
chain Center Distance.

—>

2. SCOPE
2.1. This procedure applies to all Endless Chain Assembly either Silent, Roller, Bushing or Hy-Vo.

3. RESPONSIBILITY

3.1. Maintenance of this document is the responsibility of Chain Product Engineering.

4. DEFINITION

3 BorgWarner



K-PACs EE : K-PAC Type

A Engine Applications 5 Fleviewsd
Design Guide _& "‘,"' Flequirement Document EvidencelOutput E Gae l-(url
. K[1]2][3]4
Progam | @ ProGUCT 3 -
1A . Asmamplions | Deeymens MY
1B | "garements | WPEGENTE | Highlight NUD'S on Program NN
1 eecenog | APPiCaton/Product Requirements REFEIE
definition/compliance (PROI}
3D Models / 2D Drawings
Guidetile 28| poan WPEGENON | Engineering Standards
Drawings ~ = Evidence of Cross Functional Review
[ [ A ©6-#FP-CLO7__|« Chain Drive System Check List ~
GroupBy = [ 45 EG-EP-CLOM |« Sprocket Check List v 3
— 4C | Dosionuide | ECUETES | Ghain Guide Ghock List MEIEIE
L ek List PO
4p | arspiciie | EEEPELEE o Tensioner Am Check List MEIRIE
= K-PAC Ty pe 4E CG-TEN-CL0 | = Hydraulic Tensioner Check List 3
TaF | DGTERCLOE o Tensioner Check List Bl
GroupBy . ) ] G5/7P1L_ [ Chain Dite System Lassons Leamsd 7
=+ Reguirements Management 56 CGCFLL_|o Engine Chain Lessons Leamed 3
\ GGEPRLL|o Sprocket Lessons Leamed v
GAGFLL_|e Chain Guide Lessons Leamned y
= _ +] DG-aGPLL = Tensioner Arm Lessons Leamed ./
Iv 1=l K-PAC Type DFMEA GETEHL |« Rydraulc Tonsioner Lessors Loomed 3
CSTENLL |e Mechanical Tensioner Lessons Leamed

[+

DFMEA DVPR

Checklist

[+

< <

DVPR

[+

Bookshelf Component
Checklist :

<]
S UNRC U R U R UL AR L4
H

[+

_ Design Reviews
Design Procedure

<]
|+

[# Critical Parameter Management
Guidefile Drawing

<]
[+

* NUD Management

< < <

Bookshelf Component

<
I

[* Design Guide Update

<]

Lessons Learned

<

[+ | essons Learned

3 BorgWarner



K-PACs Extended Elements

Product Type Drive Type | ESO Gate K-PAC Level K-PAC USE K-PAC Type
AGP: Arm Drivetrain 1 Design Consideration | Application |Requirements Management
AGP: CVT Guide Engine 2 Design Rule Benchmarking [DFMEA
AGP: Face 3 Development [DVPR
AGP: Guide 4 Localization |Checklist
CHAIN: CVT K Reference |Design Procedure
CHAIN: HyVo na Bookshelf Component
CHAIN: Roller/Bush Functional Statement
CHAIN: Silent Tensioner Application
HTEN: Cartridge Chain Application
HTEN: Compact (CHT) Sprocket Application
HTEN: Modular (MHT) Arm and Guide Application
HTEN: No Ratchet Design Reviews
HTEN: Rack and Washer Critical Parameter Management
HTEN: Variable Force (VFT) NUD Management

SPK: Counterbore Fit - Bolt on

Design Guide Update

SPK: Interference Fit

Lessons Learned

SPK: Slip Fit - Bolt on

SPK: Slip Fit - Captured Bearing

SPK: Slip Fit - Captured Bushing

SPK: Tapered Bore Fit - Bolt on

MTEN: Blade

MTEN: Torsion Spring




P rOJ e Cts Modify Project Page o v o=

5 Modify Project 9
Project Auros System Software Project ID - 444
Project Basic Elements b

Project Name Auros System Software Creator Goodsell, Joe(jgoodsell)
Date Created 30-Apr-2018 Last Update 30-Apr-2018

Project Description Implementation of the Auros System

Project Extended Elements ’—
Build Level

Customer

Lead Engineering
Location

Project Owners Amatori, Andrea(aamatori);McEvilly, Sean(smcevilly)

Project Attachments o "

;EJ Upload Attachment @@ Upload Link ﬁ Screen Capture e _1: Filter Attachments :0

| Save Project Details H Cancel ‘




Assessments

© BorgWarner Inc.

Treé Path:Cam Drive System.PP.ESO_4.YeIIow

A vane + ) | “g rier

APP CK-470

E[JLine Items Sheet

Header

AC Content Update Available!

Group By
K-PAC Type
Layout

(®) Assessment(Grid) Layout
O Parameter Layout

Conformance State Filter
NE Green
Wl vellow Orange
Red NA

31

“g Combo Filter l& Clear Sorting 3 Views v Advanced View Options Issues ¥ a Rep

Descriptor: .

R
R e

=l K-PAC Type

g

[# Arm and Guide Application

[+ DVPR.

[#] Design Guide Update

<

Tensioner Application

3 BorgWarner



Assessment Header

Current Evaluator

Last Update By

Amatori, Andrea
(aamatori)

Atzberger, Brian
(batzberger)

Project Code f R000791_Ford [ Status Assessment Complete
ESO Level {9 ESO4 Product Group 49 |Applicatioms

Creator Atzberger, Brian(batzberger)

Last Update 18-1ul-2018

Evaluators

Atzberger, Brian(batzberger)
Freemantle, Paul(pfreemantle)
Hunt, Adam(ahunt)

Love, Rich(rlove)

Manley, Joseph(jmanley)

Simmons, Sean(ssimmons)

AC Co-Creators

4

Chain Products
Chain Products 1
Chain Products 2

TSC

TSC1

TSC 2
Timing Eng Systems
Timing Eng Systems 1

Timing Eng Systems 2

AN N T T

AC Approvers

Mattachini, Andrea(amattachini)

Baddaria, Giuseppe(ghaddaria)

Junker, Matt(mjunker)

3 BorgWarner




Assessment Header

Assessment ID

Reported Value Source Assessments

Descriptor Dot Path ‘59

Attendees
Build Level
Directional Decisions

Lead Engineering Location
Name

Part Number

Risk Rating

Risk Rating Comments

ESO Meeting Date

Mattachini, Andrea(amattachini), Atzberger, Brian(batzberger), Baddaria, Giuseppe
(gbaddaria), Junker, Matt(mjunker)

PP

ESO Rating changed to Yellow based on nominal test results. Testing will be tracked in
project open issues.

ETC

Cam Drive System
5052998

Yellow

ESO conducted 3/14/2018 with G. Baddaria, M. Junker, A. Mattachini. Orange rating due to
rack impact test results. Refined limit testing required.

3 BorgWarner




KPAC Evaluation Process

Evaluation Identify Issues Update Ratings
ESO ' K-PAC
BEFORE ESO H ACTION /ISSUE Rating

Not
Applicable

Concern

Deviated

Discussion Field or
Decision Issue
Record of
Not Evaluated Appproval

3 BorgWarner

Not Applicable

Concern Review




ESO Issues to manage risk
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Issues types

Select
Type Issue Type Name

Auros System Issue
Decision

ESO Issue

®@ O O O

Knowledge Update

List of Available Types
Description:
Request to Emergent Systems

Utilize this Issue to seek Approval from an Engineering Director for a
Design Rule Item that has RED or ORANGE status

ESO open issues and tasks

Raise this issue the identify the need for new knowledge capture or the
update of existing knowledge.

© BorgWarner Inc.

Raise Issue Reset

3 3 BorgWarner




YVANITVI/LINVD
AINIWSSISSY HILISVIN

SININSSISSY

Teamboards

“| » ) AddNew Assessment  Group By ESO Gate v || g @ Swimlanes Filter Status Filter
po1(0) | ESO3 (7 ESO4 (7 alzlnlale
ESOs for this program have . Cam Drive 253 F S
been conducted on ICE as A System.PP.ESO4.Yellow A cS=oR=
required. This ESO will capture AR =
a daginn avidencs in narallel as 4 470 » E
¥ ¥
a 52 Assessment a 78 Assessment
< 08un-2018 Conpziz < 18-Jul-2018 G i
Main Guide Primary.TT.ESO3 . Main Guide.unspecified. ESO4
N
0
¥
% Assessment Assessment
< 08un-2018 Copziz 183u-2018 GEmz
. s
2
v () AddNewlssue  Group By Issue Type ~i | [ @
o=z ;': = g Project R000791 Project 1D - 391
= w2 e =
olxls he | | ESO Issue (12 Knowledge Update (0 EE E E z é @ B | Project Basic Flements L]
n e orE « = wger, Brlan
2202 Chain tension predicted value ® ~ g=z * € Project Name i Greator st
IR87 Excuady sabing. ® 223 Date Created 05-Sep-2017 Last update 18-Dec-2017
v w s 2 " N
E = H s g Project Description  U21201e Displacement (VDE) 12 Mode, Galance i Block Variant (8516), Cos fon
202 Z
oR- B Project Extended Ele =
s aw Creator : Atzberger, Brian(batzberger) ettt e
> ; Created On : 19-Sep-2017 Build Level PR, Pilot, SOR, TT, VP
o T Last Modified On : 10-0ct-2017 Customer
Lead Engineering
i 2 @O =0 aseeas o1
Project Owners Atzberger, Brian(batzberger)
@ DVPR requires uploading to auros (@) Project Attachments =
O Thumbnail Fibe/Link Short Description Uploaded By HMG:\ =]
294
Creator : Atzberger, Brian(batzberger)
Created On : 20-Sep-2017 Auberger, | 20-Seps
Filename_1505918 VP Build Image rian o
Last Modified On : 10-Oct-2017 (batzberger) ~ 10:48:13
B O Bt §°
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L ookacross

Assessment ID K-PAC Version  Conformance Sh’lt

APP- CK673 (#1-0)

APP- CK632 (#1-0)

APP- CK613 (#1-0)

© BorgWarner Inc.

V3
Latest

V3
Latest

V3
Latest

K-PAC Title

Value Table

Additional Information

Clearance: Chain Strand to Strand

Clearance: Chain Strand to Strand

Clearance: Chain Strand to Strand

Strand-
to-Strand
Clearance

at Worn
Condition

Value 4
Reported 9.86
mm

Minimum

to-Strand

Clearance
at Worn
Condition

Value 4
Reported  28.44
mm

Minimum

Chain
Strand-
to-Strand
Clearance
at Worn
Condition

Value 4
Reported 5.0
mm

Minimum

to-Strand
Clearance

at Worn
roanditinn

38

Confrim at maximum chain
elongation, the slack strand does
not risk hitting the tight strand.

Confrim at maximum chain
elongation, the slack strand does
not risk hitting the tight strand.

Confrim at maximum chain
elongation, the slack strand does
not risk hitting the tight strand.

Confrim at maximum chain

- CHAIN STRAND TO STRAND



Count Report

-
Report Criteria : [ Project Code= (R001139_ |_TGDI_2018) and ESO Level= (ESO2) and Status= (Evaluation Ready or Approval Ready or Assessment Complete) |
e p O r I I l g Requirement Sub-Criteria: [ Primary Sub-Category = (Name) and Secondary Sub-Category =(None) |
Total No. Of Assessments
ot e e |
534 16 i) 0 216

Total Program * 774 766 1] 8

[esam T ss 55 0 0 32 1 0 0 22
[ CAMCAMGUIDE = 62 61 0 1 30 0 0 0 31
| Cranksprocket 22 22 o 0 18 0 0 0 4
| GUIDEBSUPPER = 62 62 0 0 32 1 0 0 29
| GUDEDOWNBS 62 55 0 7 23 0 0 0 32
[ T 66 0 0 43 3 0 0 14
[URLARMTTT S5 55 0 0 33 1 0 0 21
[TFRUGUBETT 62 62 0 0 32 1 0 0 29
[ Wiming Y 139 139 0 0 130 8 0 0 1

| Options H Save As Named Report ” Add Report To "My Stuff' ” Share I

& we
0 3 BorgWarner

w
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Early Successes

Software speed globally satisfactory

Common Auros operating procedures

More consistent engineering practices
Updated/Higher quality knowledge base
Engineering Community well trained and supported

Auros Proponents at all levels: Engineers, Managers, Chief
Engineers and Directors

Momentum
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ltems to monitor moving forward

Learning Curve in using the tool
Impact of standardization/ formalization on organization
Changes to the way we work

Performance of software as use grows



Expected results as we move into full production

Effective project planning and coordination among project team members
Consistent engineering practices and more rigorous designs

Project issues brought early to management team

Reviews better matching program timing

High quality knowledge base

Powerful internal benchmarking

Rapid technical learning by more inexperienced RUs



Next steps

Turn off the SharePoint Design Guide

Integrate with Morse Program Management Auros application
DVPR and DMFEA documents into K-PACs

Explore other opportunities for Auros within Morse Engineering
systems and processes



Thank you:

© Borgwarmer Inc | s 3 BorgWarner



