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XLDyn, LLC

* Founded in 2010, our mission is to develop enterprise system
engineering tools that are fully integrated with an intuitive and

easy to use graphical interface
* |nnovations are covered by four U.S. Patents, plus one pending

o XLDyn = XLSE + XL1D

XLID - For authoring/simulating
detailed 1D multi-physics
systems models

Vehicle Acceleration
Model & o
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XLDyn, LLC

Vehicle v1.5 Complet.. ¥ X
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B8 Rollover_
{5 Interior_Absorbed_Energy_
{5 Frontal_Crash_
{5 Mass_Global_
{8 stucture_Global_
= O Activities
O AirBagDepl
= Bompans
{53 Position_Sensors__3_0740_
{5 Temperature_Sensors_3_0
5 Speed__3_0720 A__
{5 Pressure_Sensors__3_0710_
{5 Crash_Energy_Mgmt_4_08¢
{3 Conollers_3_0800_A
{53 Hybrid_Drive__3_0600_A_
3 Chassis_Assemblies_

= ¥t Often Visited ~

kg [Package Frontal Crash )

<<requirement>>
Head Injury Criterion
GuID=""
id="A111"
text="Head Injury
Criterion{HIC<1000} - Head
ed

1000 in frontal crash
against fixed barrier at
vehicle speed of 30 mph”
reqSpec="HIC<1000"

Requirements w/SirhuIation

Verification

Fuel_Economy_

Aceleiation_

<<requirement>>
Thoracic Chest

Acceleration

GUID=""

id="A.1.1.2"

text="Thoracic Chest

Acceleration{TCA<60} -

Thoracic chest acceleration

shall not exceed 60 g based

on FMVSS 208 for frontal

crash against fixed barrier

at vehicle speed of 30mph™

reqSpec="TCA<60"
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3 <<constraint>>
5 Mass Crash Model

parameters

Occupant_m:Real=-2146826265
Occupant_v(start):Real=-2146826265
Damper7_d:Real=33114.21
Damper5_d:Real=6764

Rails_m:Real=-2146826265
EngineRadiator_r
CradleShotgun_m:Real=-2146826265
VehicleBody_m:Real=-2146826265

HIC:Real
TCAReal
FL:Real
StarRating:Real
constraints
{[HIC, TCAFL StarRating]=

%60DamperEngy3(CrashSMass;Occupant_m,Occupant
_v(start),Damper7_d,Damper5_d,SuspensionRails_m
m i m

m)}

Rollover_ | Interior_Absorbed_Energy_ | AirBagDepl

Frontal_Crash_

<<requirement>>
Femur Load

GUID=""

id="A.1.1.3"

text="Femur Load{FL<7560}
- Femur load shall not
exceed 7560 N in frontal

crash against fixed barrier
at vehicle speed of 30mph”
reqSpec="FL<7560"
7
7
o
42 risd
. .
ﬁ\:*’, -

Set_1_Frontal_Crash_

5 Mass Crash Model
Occupant_m =
Occupant_vistart) =

SuspensionRails_n

CradleShotgun_
VehicleBody_

FL=

StarRating =

%DamperEngy3
CrashSMass

- XLDyn = XLSE + XL1D

XLSE — For authoring
OMG SysML compliant
system models



What is Systems Engineering?

* Often described with the “System V”, some key elements are:

/

\

* Historically Systems

Engineering (SE) has - O

been document \ f

based Component
« Model Based fest * XLDyn makes MBSE

Systems Engineering interactive

(MBSE) is more \ /
visual, but static
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XLDyn = Enterprise Solution to MBSE

* XLDyn is an actionable tool for engineers to develop,
balance, and track designs

* XLDyn supports all verification methods

®* Program status is easily available to everyone

* Documentation is byproduct of the development process
* Documentation is critical for team communication

* XLDyn is easy to use: Systems Engineering for everyone




XLSE Overview

* XLSE uses Microsoft Excel® as the Graphical User Interface

* Diagrams can be moved and copied/pasted anyplace in the workbook.
Utility functions simplify the modeling process making tasks intuitive
and simple

Extensive model navigation tools XLSE Tool Bar

I_—rl_l @ %S @l ink Cells & 1o Domain Map ~ | mCheckInSheets DB Query - Make A Selection - Dclere Shapes Toggle Grid EECIEM Results Sets
.li']lcul.ﬂe Mok {i.a' Launch Activate = | m Check Out Sheets @Undo List Empty - ~ %= Fix Connectors Re:mm Results Sets
Die 1qr1 ms SRT Show Show N g — Y E,.
elect N Select * @y Update Access DB Redo - List Empty - ~ Fix Shape
= Model Worksheets [@ ' ﬁ dr Up - Pty W P
wehL Di n Tools . Sharing Editing Tools
pkg v req X
EI Package E Regt Node
Ij_:| Mode B relatednioge
& ) —b  Containmen .
Package view . Requirement
q BB agachidren Flterene .
Diagram Pallet | = [ reatcaton Diagram Pallet
Viewpoin
E‘ % Add Children
Frame
— Containmen E‘ Reat Frame
---7»  Relationship

Xt



XLSE Overview

* XLSE is a Model Based Systems Engineering Tool
— Manages requirements status throughout the design cycle
— Provides design balance tools to create optimal designs
— Can be used at system, subsystem, or component level

— Model is fully synchronized when addmg or editing
requirements or BoM parts

id="A
text="Vehicle shall meet

Frontal crash, side Impact
and roll-over requirements”

OMG SysML Diagram

<<requiremen t>> || <<re quiremen t>> <<requirement>>
Frontal Crash Side Impact Roll Over
id="A.1" id="A.2" id="A.3"
text="Frontal Crash shall text="Side Impact text="Roll Over requirements
meet HIC, TCA and FL requirements are TBD" are TBD"
reguirements"”
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Model X

XLSE Overview

=1 Y )

-5 arD

E]--E| Communication
E| Interior Design
E| Exterior Desig

E| Human Factors

E| Egronomics

& Comfort

EI--E| SportsCar Physical Parts
- Full VehiclePhysical

. E| BExterior

E| Interior

E| Closures

E|E| Chassis

. -5 Brake System

' . Hydraulic Lines

Navigation View

..... I Rrolra SooarmbheR7RARIGT
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1D Name Text

Al
Al1
Al.2
Al3
Al4

Side Impact

Procedure Name Target Actual Method

Vehicle shall meet Frontal crash, sidi Ad hoc
Frontal Crash shall meet HIC, TCA ar Ad hoc
Head Injury Criterion(HIC<1000) - + Ad hoc

HIC<1000
Thoracic Chest Acceleration(TCA<6( Ad hoc TCA<60
Femur Load(FL<7560) - Femur load Ad hoc FL<7560
Star Rating (Star=5) — The NHTSA frc Ad hoc 4.75<Star<!

Side Impact requirements are TBD Ad hoc

lity requirements while

- e vehicle shall meet all acceleratic ocC
c1l1 0-60 Time (Z60<6) - The time for the Ad hoc o<c  [EEE
c.2 The vehicle shall meet all deceleratic Ad hoc
c2.1 Stopping Distance(Distance<60) — Tl Ad hoc Distance<6-
C.3 The vehicle shall meet all of the follo Ad hoc
C3.1 Turning Radius Turning Radius(TurnRad<8.6) — The 'Ad hoc TurnRad<8.1 8.69
c3.2 Axle Weight Balance  Axle Weight Balance (FrtAxle=50) —1ad hoc 47.5<FreaxiIIINEEI8] CAT/CAE
D Capacity Capacity is ¢ ., cargo both weight and volume, and towing.
D.1 Passengers Passengers ( Ta b I e View : able to carry 4.75<NumPass<5.25
D.2 Cargo Cargo capaci | volume measures
D.3 Towing Vehicle towing capacity is comprised of trailer weight and tongue weight.
E QRD



XLSE Overview

* Document your work by attaching
objects to the diagram blocks including:

— Word Documents, PowerPoint,
— Excel, Visio, Video, PDF, etc.

OB Crash Protection
~fd Roll Over Star Rating
W Frontal Star Rating Chart

HE Slde Impact
= Crash Artifact

=8 Star Ratlnq

(4 CrashModel
8 Femur Load
1+ CrashModel
=E Thoracic Chest Acceleration
(4 CrashModel

* XLSE automatically updates requirements

status with verifier results in the System
Reqwrement Table (SRT)

1D Name Procedure N Target Actual Target Wt Actual Wt Change Histc Comments
A3.2 De:eleratlon The vehicle shall meet all deceleration requirements
A3.2.1 Stopping Distance{Distance<60} — The vehicle shal Distance<60_
A33 Handling — The vehicle shall meet all of the following handling criteria.
A33.1 Turning Radius{TurnRad<8.6} — The vehicle turning TurnRad<8.
A3.3.2 Axle Weight Balance {FrtAxle=50} — TICAE 50 47.5<FrtAxle
A.3.4 Ride Quality Ride Quality — Vehicle shall be best in class for smooth and rough road ride metrics
A4 Capacity Capacity — Capacity is comprised of number of passengers, carge both weight and velume, and towing.
A4l Passengers Passengers {NumPass==5} — The vehicle must be a NumPass==5
A4.2 Cargo Cargo — Cargo capacity is comprised of both weight and volume measures
A42.1 Cargo Volume {CargoVol>1.0} - Availiad hoc CargoVol>1.

Method Owner

thomas.tecc

CAT/CAE Request

CAT/CAE Request thomas.tecc

Assigned To Notified

Q O
<<requirement>>
Side Impact
GuID=""
id="A2"
‘text="Side Impact requirements
[o are TBD" o]
owner
Phil Oh
procedure name
o}
C:\UsersiTom\
Vdeos\()ﬂ (rash
Due Date Last Updated |
Jul 21, 2017 Jul 31, 2017 21-Jul-17
Jul 20, 2017 Jul 30, 2017 20-Jul-17

X



® XLSE includes the following SysML diagrams:
Package (pkg)
Block Definition (bdd)
Internal Block (ibd)
Parametric (par)

XLSE Overview

e Activity (act)

* Requirement (req)

e State Machine (stm)
e Use Case (uc)

e XLSE’s Parametric, Activity, and State Machine diagrams are
actionable. Change parameters and run simulations from the

diagrams

act [Block] DeployTime

[

DeployTi rne])
Accel Signals

sssssssssssss

Start/Stop Time



Model Creation: ‘One Click’

SysML requirements diagrams can be created with ‘One Click’

The Systems Requirement Document(SRD) can be imported from

enterprise data sources

The SRD contains requirements and if desired BoM data

(assembly/parts with cost, weight, and MTBF), and activities

Including parts data allows cost rollup and automates the creation of
the Domain Map and DFMEA diagrams and charts.

Human Powered Vehicle Requirements and Assemblies

A Functional Requirements — What the HPV must do or be
A.1 Load/ Unload- The vehicle shall accommodate 1 rider and cargo
A.1.1 Rider — Accommodate students from 1.4 meters to 2.2 meters tall and
between 40 kg and 130kg in mass
A.1.1.1 Student Height(1.4<riderheight<2.2) — Accommodate passengers
between 1.4 meters and 2.2 meters in height.
A.1.1.2 Student Weight(40<riderweight<130) — Accommodate passengers
between 40 kg and 130 kg
A.1.2 Ingress — Students within the size/ mass range shall be able to open the
door and sit down on the seat confidently while the vehicle is stationary
A.1.2.1 Open Effort(OpenEft<4) - Energy to open the door shall not exceed
4 joules

B Physical Decomposition — Parts required to build the HPV

B.1 Body & Structure — Includes frame, body, door and parts attached thereto

B.1.1
B.1.2
B.1.3
B.1.4
B.1.5
B.1.6
B.1.7
B.1.8
B.1.9

Frame Assembly (1-0100-A) - $0

Body Assembly (1-0200-A) - $0

Door Assembly (1-0300-A) - SO

Headlamp Assembly (1-0400-A) - SO

Headlamp Switch Cable Assembly (1-0500-A) - S0
Taillamp Assembly (1-0600-A) - SO

Front Indicator Assembly (1-0700-A) - SO

Rear Indicator Assembly (1-0800-A) - SO

Rear View Mirror Assembly (1-0900-A) - 50

AL,



Model Creation: ‘One Click’

* Model Creation Steps

FILE HOME INSERT PAGE LAYOUT

I:j @ %E BH Link Cells
E Calculate

Diagrams = SET  Show Show .
- - bladel Worksheets @) - Select -
¥ Load new SRD

Al
v prplete Update
= fpdate With Results Sets
Book s froton c
‘ollup Cost
%l T8

fo] Merge Documents

System Requirement
Document (SRD) 1
includes Requirements
and BoM

s iz o=

Diagrams SRT  Show
= - Madel

B pkg
B req
B bdd
XLDyn 15.0 a3 ibd
E par
Redraw the SRT? F uc
(Meeded if SRD has changed)
D act E
— (O stm 3
(= D ~ ||

2 FMEA Toolkit

Draw Options

(®) Show parent-child relation by enclosure I
(O Show parent-child relation by containment tree

‘ Draw ’ Cancel

Yes to create the System
Requirements Table
(SRT). SRT provides a
summary of 2

requirements status lew



Model Creation: ‘One Click’

* XLDyn® ‘s patented method creates SysML

requirement, BoM, and Activity diagrams
for the entire system

Functional Tree Structure:
Vehicle vi.4 comi Packages and Requirements

A=l < .
pkg [Package] Fuel Economy .
EI--E| Main System .
H v X
"B GSet_1_Main_System_1 Vehicle v1.4 Compl...
. IE«rEqUif;fim::”c I <<requirement>> <<requirement>> L:JE| Functional F{equirements/ ;l %E o =
uuuuu my Highway Cycle Urban Drivi le i
GUID="" Gum_:..m - comblnedicolotr;i':;hw“me' EIEI Safety =19 Main System
id="A.2.1.1" id="A2.1.2" AT EIE| Frontal Crash % GSet_1_Main_System_1
text="Fuel Economy Highway text="Urban Driving Cycle id="A.2.1.3" : ) L X 3
Cycle {HWFfEtThHO]r-]T:we f:el: {UDDS>24) - The fuel 'tm:mmhi“gd City/Highwey BE| Head Injury Criterion E| Functional Requirements
economy of the vehicle sha f the vehicle shall Fuel E CombCtyHi P i ) .
be::‘t Jeast 30‘ mpg on EPA U 24,:;; TRt ,:;}f:::';vnihin:d Rl P4 CrashModel EIE| Physical Decomposition
Highway Fuel Economy Test tested using the Urban City/Highway fuel economy is o i =, i i i
Driving Sc.lhedl-lle" ) Dynamometer Driving Cycle” welghtled 55% City and 4556I E Thoracic Chest Acceler i EI Vehicle Interor Assembles
reqSpec="HWFET>30 regSpec="UDDS>24" Highway" - Femur Load [ Seat Assemblies Front (1-010
reqSpec="CombCtyHiwy >26" )
- Star Rating -] Seat Assemblies Rear (1-020)
| Star Ratings / - Instrument Panel (1-0300-)
/ D"El Interior Absorbed Energy / =] Trim Panels and Headliner (1
- Rollover [ Carpet (1-0500-4)

/ - Uighting (1-0500-4)
[ HVAC (1-06004)
SysML Requirement Physical Tree Structure: 29 Chessis Assembles

E]--E| Powertrain Assemblies

nodes created BoM Assemblies and Parts e 17 Body and Stncture Assembles

A,




Requirements Verification

Verification checks if requirements are met for a given set of design
parameters and operating conditions
XLSE has two classes of verifiers:

— Internal: Perform simulation or retrieve test data directly from the diagram. 3
Party simulation tools can be easily added.

— External: Generate and track work request for test or large scale simulation
Multiple verifiers for a requirement:

— Verification methods can change over the life of a product program
— Simple models, design rules followed by detailed simulation and test
— XLSE allows engineers to change verifiers and track the history of the methods

and values
Ay



XLDyn® Verification Methods

Verification methods supported
by XLDyn®

Cell Equations — Simple equations or
Macros

Worksheets — Link the input/output cells of
a worksheet to the results set

CAT/CAE Request! — Automated e-mail
request for a test or simulation. Automatic
updated to SRT when work is completed
Observation! — Automated e-mail request
to make a simple observation, e.g. verify
label is installed

1Requires Microsoft Outlook

<<n ents:
GUID="" GUID=""
id="C.1" id="C.2"
text="Wind(WindVelMax=80) — text="Rain{RainRateMax=12)
‘Windmill must withstand - Windmill shall be capable of
buckling and dynamic forces normal operation in an
for a maximum wind velocity of environment with 12 cm of
80 MPH" rainfall per hour"
regSpec="76<WindVelMax<84" reqSpec="11.4<RainRateMax

<12.6"
owner

XLDynLLC XLDynLLC

procedure name procedure name
Ad hoc Ad hoc

s b -
g S8
a5 Create Verifier x

=~

Corfiguration  Parameters

Node Name  |extemalVerfier2 2
T A BICA T /CAE Request]

CAT/CAE Reguest

Node Location Observation
Cell Equation
Procedure Name |3 o Model
O Modelica Model
WIET \Worksheets
act Diagram

Attachment

Due Date |Ma=,' 29,2017 [FEd |

bt Vaoe

<<externalVerifier>>
Wind and Rain Test

parameters
none specified

verification
Method=CAT/CAE Request
Procedure Name=ad hoc
Reqs Verified=C.1,C.2

assignment
AssignedTo=lohn
Notified=0ct 25, 2015
Due Date=Oct 25, 2015
Actual=80,12
Last Update=0Oct 25, 2015
TaskiD=

A,



XLDyn® Verification Methods

<<requirement>>
Stopping Distance

GuUID=""

id="A.3.2.1"

text="Stopping
Distance{Distance<60} = The
vehicle shall brake to zero MPH
in 60 meters from an initial
velocity of 50 MPH"
reqSpec="Distance<e0"

(X

<<constraint>>

R

parameters
SlidingMass1_m:Real=1360.5
SlidingMass1_wv(start):Real=31.5

'] BrakeTorque_k:Real=125

‘Wheel_J:Real=5
Distance:Real

Requirement verified
by XL1D simulation

constraints
{[Distance]=
%StoppingDistance(ABS;Sliding
Mass1_m,SlidingMass1_v(start),
BrakeTorque k,Wheel J)}

Verification methods supported by XLDyn®
XL1D Model? — Use a XL1D model including reliability
Activate Model® — Use a solidThinking Activate model.
Modelica Model* — Use a Modelica model
act Diagram> — Calculate process time using an activity diagram

stm Diagram® — Determine system state for parameters and
conditions

Set_1_Deceleration_
Brake Model ABS

SlidingMassl_m = 1360.5
SlidingMass1_v(start) = | 315
BrakeTorque_k = 125
Wheel_) = 5
Distance = 56.4
Y%StoppingDistance
ABS

Simulation run from
Diagram View

e Radiu
* Force™ »T > 90 Nm
* Friction

2Requires XL1D model in workbook

3Requires Activate models in
Activate model library

4Requires OpenModelica solver and
Modelica models in Modelica
model library

>Requires Activity diagram in
workbook

6Requires State diagram and XL1D

mode.
XL



XLSE Use Case Diagrams

Use Cases can be imported from a Word

document or created directly in XLDyn

Use Cases can be associated with other

diagrams such as requirements

Word Document

HPV
A Enter Vehicle
A.1 Description — Enter vehicle and prepare for riding
A2 Pre-conditions
A.2.1 Proper vehicle has been located
A.2.2  Vehicleis not currently being used by someone else
A.2.3  Visual vehicle inspection indicates it is suitable for use
A.3 Post-conditions
A3.1 Gearis stowed and secured
A3.2  Passenger is ready to begin trip

Use Case to Refine
Requirement

| ¢ [Block] Enter vehicleJ

Vehicle Entry Use

Case

<<uc>>
Enter Vehicle

<<requirements>
Step Height

A.4 Trigger
A4.1 Passenger needs transportation uc
A5 Actors
A5.1 Passenger
A5.2  +Door Assembly =
AS5.3  +Rear Mirror Assembly
A5.4  +Seat Assembly Y
A5.5  sCargo Compartment
A.6 Activities

A6.1 Stowcargo
A.6.2 Open door
A6.3 Adjust seat
A6.4 Close door —
A6.5 Adjust mirror

Add Person

Add Action

Draw “Include"

Draw "Extend”

Connect Actor/Action

=

=1

B2

Add Machine

Add Text

Draw Frame

Draw From File

GUID=""

id="A6.2.1.1"

text="Step Height {StepHt<.2}
— The step height to get in the
vehicle shall be less than 0.2
meters"

reqSpec="StepHt<.2"

Driver

Trigger
Driver needs transportation to store
Pre-conditions

Walk to vehicle

Vehicle Is not currently being used by
anather family member

Visual vehicle inspection indicates it is
suitable for use

Past-conditions

Driver is secured and ready to begin

0000000

trip

.

Wehicle

]

Door Assembly

|

Seat Assembly

-

Seatbelts

.

Rear Mirros Assembly

L

Ignition Assembly

X




XLSE Activity Diagram

* Activity diagrams are graphical workflows of

sz

Diagrams SRT Sho

. . e, . . ChOOSe - Mod
stepwise activities and actions. At =0
* In XLDyn, Activity diagrams can be created o
from a library or manually from the pallet o
o O aa
act pallet Air Bag Deployment O
/ Time Simulation run
- . from Diagram View
act > x act [Block] DeployTime [Deplov‘hme])
e i Lanee ° ot . Control In f:&JgﬁEr R Control In . s Control In -
nse Pulse Magnitude | |  Process igna ir Bag Deploy Deployment
O Activity ® End . PtirL\e:':;Jg e ’ ﬂme:f).gl | . 1?mgeflgl ! -
MTBF=0 MTBF=0 MTBF=0 I
| Join/Fork ® Flow Final
Control Out Control Qut Control Qut
[ Send = Receive - . +
_ Start/Stop Time
Ll object = Frame pTable_DeployTime Process Time = 1.800, Deviation = 0.0
- Block Name  |Process Time |% Deviation  |% Failure Rate
< Decision Connect Alr Bag Deploy I Air Bag Deploy 1.5 5 0
Process Signal m Process Signal 0.1 5 0
Cale Time sense Pulse Magnitude L Sense Pulse M4 0.2 5 0
0 .U‘S 1 15 2

A,




XLSE Activity Diagram

e Activity diagrams can be
used as a verifier, design
parameters can be varied
and simulations performed

* Monte Carlo or Reliability
simulations can also be
performed

<<requirement>>
Side Impact Bag Deploy

GuUID=""

id="A.1.2.1"

text="Side Impact Bag
Deploy{DeployTime<4} - Sic
airbag shall deploy in less
than 4 seconds”
reqSpec="DeployTime<4"

[

=
o

=1
EI

<<constraint>>
Air Bag Deploy Calc

parameters
Air Bag Deploy:Real=1.5
Process Signal:Real=0.1
Sense Pulse
Magnitude:Real=0.2
ProcessTime:Real=

constraints
{ProcessTime=DeployTime(Air
BagDepl;Air Bag
Deploy,Process Signal,Sense
Pulse Magnitude)}

Activity Diagram
as Verifier

Set_1_Interior_Absorbed
Air Bag Deploy Cale

Air Bag Deploy =
Process Signal =

1.5
0.1

Sense Pulse Magnitude =

0.2

ProcessTime =

1.8

DeployTime
AirBagDepl

Simulation run
from Diagram View

A,



XLDyn State Diagram

A state transition machine diagram, or state diagram for short, is
used in dynamic system models as well as SysML models

A state diagram shows the conditions that causes a system to
change its state

In this example, a simple cooling
system has three states, and the i —
system will shift from FansOff to AT>T, AT > T,

HighCool or LowCool depending o)
on the temperature difference AT =~ | (resureso

Xt



XLDyn State Diagram

State FansOff
OnEntry

-2 e Start with easy to write script

Active
yl =1 .
if DeltaT > T _high then goto highcool

if DeltaT > T_Low then goto lowcool
end Active

OnExit
Pressure=40
End OnExit
end State

State LowCool

OnEntry

end OnEntry

Active

yl = 2 .
if DeltaT > T_high then goto 3

f DeltaT < T _Low then goto 1
Active
end state

DeltaTDriver3.y

20
&
é:. 15
9 10
is
2
E 0

-5

0 1 2 3 4 5 DeltaTDriver3
Time 0,0

DeltaTDriver3.y

@ X
AL

o

fanControl21
stmMach1!$N$22:5N$26,0,0

Use script to
create the XL1D
state machine

Determine states
based on inputs

Temp Delta

State

* State Machine used
to verify requirement
.pkg [Package] cwmr) = .

<<requirement>>
Thermal Fan 1

text="Thermal Fan 1
{ToState==HighCool} - The
cooling system shall go to
HighCool if the temperature
difference between the setting
and ambient temperature is
greater than 15 degree F"
reqSpec="TaState==HighCool"

Simulation run
from Diagram View

<<constraint>>
stmConstraintl

Set_1_Comfort_
stmConstraintl

[FTnALs Fromstate = FansOff]
:;o:glsatla:tf;trmg-Fansofl aT= 18
T_HIGH:Real=15 THIGH = &
T_LOW:Real=5 TLow= d
ToState:Real= ToState = |HighCool

stmDiagram2
constraints stmDiagram2

{ToState=stmDiagram2(stmDiag
ram2;FromState,AT,T_HIGH,T_L
owj}

X



XLDyn State Diagram

Use same script
to create SysML
diagram

Find possible
transition paths

Animate
transition during
simulation

Determine
reliability

stm [Block] stmDiagram1 [C‘\XLDVH\MWEIS\FSM\lanCDntm\lfsm))

Yes Yes
— e o T<T_HIGH A ow
|
: T No

Yes e

AT>T_HIGH AT>T_LOW
pTable_stmDiagram1
Description  |Symbol Value

T_Low 5 "yt piGH " et iow
T_high 15 [ owtool ) - - - A
DeltaT 0 =
Pressure 100 i
s0 1

#fl Path Calculations
| v # 2 #ByPath - Paths ToShow 3 - @
stm Diagram ‘stmDiagram1 v ‘

From/To States m ~ ‘ ‘FansO‘Ff ~ ‘

Edges Between States Reliability

FansOff,21,HighCool 45,46 LowCool,35,36,FansOff 0.670320

FansOff,21,HighCool 45,46, FansOff 0.778801

FansOff,21,22,FansOff 0.860708
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Domain Mapping

57
58
59
60
61

63

65
66

XLDyn automatically maps the requirements to
the parts using the tree structure of the model

Add relationship strength directly to table

Use for peer reviews and to create DFMEA

A B/C/DE|FIGH|I|J KILMNOPQ|IR|S T|U VW
= 9 3 o B — o B & 85 N I n o T
EfeS2o3  §Eieiyciiszss
5 £ £ 5282 2 E = | 8 8 53
7 s:£~a§§§g§ .EE.:'@EEEE-E
-2 o 9 =
DomainMap i£§jiEagitisssszislic,
P t53fctagzrcpiifanegiaiiiss
| 5 £ £
3‘;§ﬁ§£§53,§a‘§.§§§§=§'ia:
D.smg_Eng'ﬁn&u_nul:u_ngEE
BT E A meawn on 8o nmo v @i @ 2 o ~om
§E2ddddddd eSS dmmm
Eﬁmmmmmmmﬂmﬂ:mmmmmmmmmm
& @ o @
=]
A.6.1.3 Vehicle Operation Controls
A6.1.4 Vehicle Operation Transaction Times
A.6.2 Ergonomics
AB.2.1 Entry Egress
A.6.2.1.1 Step Height 5 4 4
A6.2.1.2 Door Close Force
A6.2.1.3 Door Open Force
AB.2.2 Cargo Access
A.6.3 Comfort 4. Add
A.6.3.1 Thermal 5 Re|at|onsh|ps
AT NVH

1
2
3
19
31
34
37
4n

A C
f =4
s
DomainMap ¢ :
S @
g8 3
w 0O
£ G
=]

0. Functional Requirements

1. Load/ Unload
1. Move
1. Steer
1, Brake
1. Signal
1. Safetv

1, Chassis & Power Transfer Z

ReMap Domain

1. Interior, Electrical & Clim: %

Map I

& To Domain Map ~—5C1
,ﬁ' GoTo Doma

AG AH Al AJ AK
O W B S
j=4 2 o
8 E & g
= 8 < 3 =2
Q@ § 2 < =
L
w £
z£5 ¢S5
2 5 I &5 F
Ef ozt
[T - -4
w & E o o
g4 + & E &
- ¥ T = T
" O @ = C
U o 0 75 ®
ww 2 I - I
NoAoe NN

/

2. Click
AL AM A
31N
s s
g ® ¢
3 3
23
2T
S § .
[ TR - Y
NN
3. Domain

Map created
with empty cells
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Select

FILE HOME

DFMEA Process

* DFMEA is a representation of:

Toolkit

‘1

INSERT

iRl

FMEA

What can go wrong in a part or subassembly

Its cause(s) and effects

X

— Importance or ranked priority

FMEA [Block) FMEA? [FMEA7)

J

<crequirement>>
Audible

text= Aud\ble(lleS\gnalAud
<115) — Vehicle shall be able
to signal at the discretion of
the rider with at least a 100,
but not more than 115
decibels of a warning tan”
reqSpec="100<SignalAud<115

owner
Tom

2

%,

"

. <<BoM parts>>
Diagrams sqhndwl » SEDI;N Ad d Fa I | U re M Od e procedure name Headlamp Switch Cable
hd v odel orksheets . I Ad hoc Assembly (1-0500-A)
By oo sy Creae son Pr E Optiona and Causes — s
= A FMEA Input . I I cost=45
=
=9 Create req Mode D I a g ra m O pt I O n a y ;e::irr‘:ﬁ:—s
E bdd PartName Headlamp Switch Cable Assembly (1-0500-A) deteclion;B
Relate — create _
ao ibd . 8 s description
c Severity 8 ~ | Oeccurence Detaction . Horn does not work
B per Make Diagram [~ | d|agram and
2 uc Failure Mode (Description) Cause(s) Loose mreﬂw“ﬂ)
Use Domain Map R 2 Horn dosa not work Locse wire bl Faulty switch
O = Locse e table entry
D stm 3
i FMEA Toolkit . oK Cancel
ance
%, Drow System Domain Map
item Potential Failure Mode Requirements Impacted Potential Cause(s) Symtoms/Detection _ SEV_OCC_DET_RPN Recommended actions Assigned To__ Target Date
Headlamp Switch Audible{100<SignalAud<115) - Vehicle shall be able to signal
Cable Assembly (1- at the discretion of the rider with at least a 100, but not Loose wire 4
5 0500-4) Horn does not work more than 115 decibels of a warning ton Faulty switch 8 8 8512

Table Entry Generated

A,




Schematic Diagrams with Reliability

*Create schematic diagrams from part list with defined connector types

* Show connectivity and flow
* Select components then calculate reliability

Draw Parts

BElE %
Transmission Assembly (3-0500-A)
Hybrid Drive (3-0600-A)
Generator
Drive Motor
Inverter
Li lon Battery
Heat Exchanger
Sensors (3-0700-A)
Pressure Sensors (3-0710-A)
Air Pressure Sensor
Brake Vacuum Sensor
Speed (3-0720-A)
Transmission Speed Sensor
Steering Angle Rate Sensor
Temperature Sensors (3-0730-A)
Outside Air Temp Sensor
Engine Temp Sensor
Engine Oil Temp Sensor
Transmission Oil Temp Sensor
Intake Air Temp Sensor
Position Sensors (3-0740-A)
Brake Pedal Position Sensor
Crankshaft Sensor
Throttie Position Sensor
Controllers (3-0800-A)

Enoine Control Module

[33 Select IJ

- Select -

[ connect Parts
@ Draw Parts
5rk Bl Add Legend
Caleulate Reliability

Schematic
Diagram Menu

Diagr

Drag Parts to Pallet
and Connect

b
Oaz=-=-> AlAPEE
Transmission Speed Sensor | Trans Control Module
[ &Pin1 [JGpPin1
[JgPin2
| 3Pin3
[]gPin4

Transmis

sion

Transmis
sion Ol
Temp

I [

Engine
Oil Temp [1———
Sensor

i [

Thrattle
Position [ 1———

Sensor

[

Speed : “

T 1]

[ 2]

3| Trans
Control
2| Module

%

Engine Control Module

Calculate Reliability
[E % Exposure 1
Paths Definiion MTBF Data

Sys. Reliability 0.84783176(

Chains
] Engine Qil Temp Sensor[Engine Control Module|Li lon Battery
[/ Trans Control Module|Engine Control Module|Drive Motor

Select Components,
Calculate Reliability

High Voltage

High Speed LAN

Fluid

Low Voltage
F Drive
Motor

Heat
Exchanger

Reliability
047575...
070973
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What Is XL1D?

* A multi-physics lumped parameter simulation tool similar to
Mathworks Simulink®

* Completely integrated with XLSE for requirements verification
and parametric studies

* Includes mechanical, thermal, electrical, control systems, and
reliability building blocks
XL1D Tool Bar
‘{_83] O o % % m B1]Fix Shapes [xTDelete Shapes A Toggle Grid
el L4 Label 1/0 Ports  [Fundo - List Empty -~ % Fix Connectors
e e ™ wertsheess mfZT;L.b EE -{EE'TL #-select- -] [RiRedo) - List Empty - -
Component Libraries ¥L1D Modeling And Simulation Tools : Editing Tools

A,



XL1D Features

Static, transient, and frequency domain
analyses

Supports continuous and discrete time
simulation

Powerful scripting language (without 3™
party compiler)

Finite state machines using scripts
Transfer Function blocks with custom labels

Other Blocks

%

Superblock

SBScript

"6 State Machine

ShiftMa

“ PostProcess

O

1D Table

Step Table

O

20 Table

|E Qutput To Cells

Nonlinear Blocks - X

=
- Limiter

L Bang-Bang

2 gip

%% Variable
Delay

Lt Delay

A,



Automated chart
creation with Excel
functionality

Built-in Units
Management

Links system parameters

to Excel cells

Run Monte Carlo to
calculate performance
variations, component
properties have built in
variation specification

XL1D Features

Braking Model e // ’

s CombiTable1Ds_1
o siip u
e 0 0
StoppingDistance 0.05 0.4
0.0 01 0.8
. ‘[‘ ﬁ 0.15 0.97]
g g\ - B 03 1
> N s Wheel Torg

Constant_1 |—I 4 / 025 0.98]
0.17,0,0 BamgBangl — prakeTorque 0.3 0.96
00 ABSISHS3:5HS4,0,0 / 0.35) 0.94
[ 04| 092
4 o . 045 0.9

~ = u & -
i >_D: J ‘ Z D 05 088
i ] | 0.55 855

i o Sum_1
Gainl 11,00 Wheel 0.5 0.83
3277.0,0,0.01 m= kg ABSISRS21:5R$23,0. 0.65 0.81
cul start) = 0] m 07 079
100 vistart) = m/s [ 5| kgma 075 0.77]
(start) = | o - 08 0.75
o - —"'—(>'—.‘|:|“.—_-_¢V — (start) = | 96.1245] rao): 0.85 0.73]
roret aab ¥l il 9 0.2
CombiTable1Ds? yupiciewr T peedser . 035 0.71]
CombiTable1Ds_1,0.0° Aps|SFS28:$F$28,0,0,0 slidingMass1 0,0 Gain2 o7
ABSISIS19:51521,0.0¢ L
k= [ -11963.3] P t
hic Speed aramerters
’— ~
Pat TleZd” Linked to Cell
| B
~ inked to Cells
/ — Vehiciespeed
/ Myl 1000000,
Wheel Slip 004
[ | .
0 T BH— i
-
g I—li SpeedSensord
Wheelspeed 00
Wheel Speed 100000,0,0,0

* Charts with
automated
annotation
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XL1D Features

®d stmMach1 — e
Simulation Duration 8 s ~ Integration Method

DE
Step Size 001 s

* Easily configures DoE

Qutput Points Spacing
t d . Base Sample Time
S u I es No. of Monte Carlo Runs 100

Progress

El

[ Equilibrium Start

* Automatically connects x

components across [ B e

Plot Results Select Parameters And Specify Values

worksheets (superblocks) o Tomn i[5 B

n SimpleRollResistFor... |0.01 00125 (D015 20 b
M Quit [ | SimpleRollResistFor... |351 1189 1427 20 -
* Completely integrated oot i 188 o o
o [ | DragForceMetric1.CD |0.24 03 36 20 b
W|th XLS E for [ | DragForceMetric1.... | .98 1225 147 N -
[ | BritishtoMetric k 1085 [13% 1627 (20 -
M £ M [ | SlidingMass 1.m 551 1189 1427 N -
req u I rements Verlflcatlon [ | SlidingMass 1 sistart) |0.0 0.0 0.0 20 -
. . [ | SlidingMass 1.v(start) 0.0 0.0 0.0 20 b
an d p aram et Fic St u d |es O |VeoctytoRFMMetr... (600|750 (900 |20 -
[ | DriverModule1.Gea... |.8 1 12 20 b

e s a4 oo anan cnnn ~nnn n =

Xt



4
3
=
]

MTBF =

1
{

&
TEHSTEHS QIO

BaseEngine
VehRBDISCS2:5C52

uojsspusues)

XL1D Features

2
2
T

/

TSASTSASIOBERA

PeAAND

TS0STS05I 0T

Vehicle Reliability
Model

B

FrantAxle
WehRBINSSS 75557

MTBF « 15|

OrGatel

wree = [ 10] TS
(P
FuelSystem
VehREDISBS14:38514
i)
2 .
D s
wres- 3] | 5
.;_\fﬁ_j-: o al
AndGate7
ECMModule
VehRBODISBS22:58522
MTEBF = 10|
BatteryPack
wehRBDISES32:5E532
B —,
S
m @D & = |:|
wree=[m | > ]
AndGate5

ElectDrvContiMod
VehRBDISES41SESAL

|

B =

VehRBDISESABSESAE

>0 J
L A o — ) B
o & >uE
RearAde e
WehRBDISS$18:55518
e[ g
R
P g
Time to Repair UDF
— calculates numbar days
VehRBDISSS28:55528 betore repai s required
inthe first year

Units for MTBF are in Years.
When you run the simulation
set the time to 1. 1 sec=1 year

| Overall Vehicle Reliability Model |

| Time to Repair
[

[

TimetoRepairl
0,0

Fault Tree and

Reliability Block

Diagrams

Reliability Blocks

U Start

-

E Maintai
X Repair
j” Failure Link

Unertainty
Link

)
D

®
¢

-

OrGate

AndGate

FaultTree
Node

KofN

Exponential
Event




Summary

Balance designs at the system, subsystem and component level

Import requirements from and export updates to enterprise
systems

All requirements and verifiers managed in a single application
XLDyn’s SysML diagrams are actionable
Easy access “project status view” including on mobile devices

XLDyn’s ease of use and integration makes MBSE a way to do
your work, not document what you did

XLDyn requires minimal training so ALL engineers can use it

A,



Backup Slides




Summary: XLDyn Users

* All Industries and Design Levels:
— Product Development Engineers
— Simulation and Test Engineers
— Systems Engineers
— Engineering Program Managers

— Executives and Managers




Adding Requirements and Parts

*Requirements and BoM parts are added directly to diagrams
and synchronized in all views and added to the SRD

= Requirement
EvK
Specifications GUID & Names

*MNode Name  Lift Over Height
Target Spec  LOH<60
ReqiD A4 23

[] Edit Requirement Text

The lift over height is the distance cargo must be
raised to enter the storage space. The [t over height

must be less than 60 cm

<<reguirement>>

A4.2 Cargo— Cargo capacity is comprised of both weight and volume measures
£.4.2.1 Cargo Volume {CargoVol>1.0} = Available volume for passenger

Lift Over Height ReCIU|rement cargo shall be at least 1 square meter
e A.4.2.2 Cargo Weight {CargoWt>50} — Cargo compartments must be able
:Zlﬂni 2.2.3" Dlagra ! to carry at least 50 kg

text="The lift over height is
the distance cargo must be
raised to enter the storage
space. The lift over height

must be less than 60 cm"

A.4.2.3 Lift Over Height{LOH<60} - The lift over height is the distance
cargo must be raised to enter the storage space. The lift over
height must be less than 60 cm

Added to System Requirement

U

Define Requirement

<<BoM parts>>
Heat Exchanger

values
id=B.3.6.5
L Parts can be
weight=4
MTBF=10 added also

reqSpec="LOH<60" Document (SRD)
AA4.2 Cargo Cargo — Cargo capacity is comprised of both weight and volume measures
A4.2.1 | Cargo Volume {CargoVol>1.0} — Avail:ad hoc CargoVol>1.¢
A4.2.2 Cargo Weight Cargo Weight {CargoWt>50} — Cargo compartment CargoWt>50
[ A4.2.3  |Lift Over Height The lift over height is the distance caiAd hoc LOH<60
Added to System

Requirement Table (SRT)

A,



