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GMS Founder and Principal Consultant

e 32 years in industry with a focus on performance
simulations

e | have always had desire to understand the
component or systems in its larger context.

e (Career evolution into Systems Engineering

INTELLECTUAL
CAPITAL

e | wantto help other companies realize the benefits of
Systems Engineering.
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1. Requirement Decomposition Overview

2. Requirements and Architecture

Req U i re m e nt 3. Analytical Modeling
D eCO m pOS iti O n 4. Requirement Decomposition Example

Using analytical models to
decompose requirements
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System Requirements Decomposition Focus
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System Requirements Decomposition Elements
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Parametrics - Descriptive to Analytical linkage

par [Block] ClothesWasher [ CleaningPerformance ])

console :Console

controlUnit : ControlUnit

cycleParameters : CycleParameters

: washUnitAsm :WasihUnitAsrn

agitator : Agitator
motor : Motor

MainWashTime :min -

|

waterSystem : WaterSystem

pressureSensor :PressureSensor

WaterLevel :mm

«constraint»

StainCleaningModel_v01 : Clothes StainCleaning

WashTime_min :]

tem peratureSensor : Tem perature Sensor

WaterTemp : C ‘

1 WaterLevel_mm |—

EEE——

WaterTemp_C :]

&

TotalStainCleaningScore : Ratio

CleaningScore
—
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Functions to Requirements Example

The clothes washer shall have /@an Clot@
a stain cleaning score between | — Clothes Washer g
99 and 106, in units of %, under /!

the Normal cycle's default P Vvl “= == -
settings using the rated loads. ( Wash Clothes >

_ ~ < _ with water __-
Wash Unit - = ——— T T=--"
Remove water
from Clothes
The Wash Basket shall have a final Wash Basket e - T o
spin speed between 1000 and 1100 / S Extract Water . J
in units of RPM, using the declared e _—— e = -

energy label’s rated load. . . ..
Drive Motor Provide Spinning
Power

The drive motor shall have a
minimum_power capability
between|600 and 650,in units
of Watts, at the maximum
declared spin speed.
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Model Definitions

Models
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https://www.sebokwiki.org/wiki/Guide_to_the_Systems_Engineering_Body_of_Knowledge_(SEBoK)
https://www.sebokwiki.org/wiki/Types_of_Models

Analytical Modeling Types and Value
'
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High & A 1-D physics-based
@®
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C
8 Full product, 3-D
c multi-discipline
< transient
Low

Cost of Simulation (money and time)
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Analytical Modeling Examples
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Analytical Modeling “Family”
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[ System Verfcaton | 1-D transient

Subsystem Verification

Module Verification
Component Verification
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Full product, 3-D
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Low =

Cost of Simulation (money and time)

[ Module Requirements

[ Component Requirements |

Amount of Usage
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Bringing it all together.

| want to sell a product that has a The clothes washer system shall have a U.S. DOE Standard Appliance
U.S. Energy Star rating of Tier 3. MEF value between 3.0 and 3.5, in units of test procedure 10 CFR430.23(j)
cubic foot per kWhr, under the declared Appendix J2
Energy cycle's default settings using the
rated loads.
ecursive

Business / Mispion—

Analysis Stakeholder ] \ Validation
Needs/Requiremenjs~~

L % System Verification |
| System Requirements | ) bt il i

>
£
| Subsystem Requirements \ % | Subsystem Verification |
I Module Requirements | | Module Verification |
\ Component Requirements ] | Component Verification |
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Requirement Decomposition Insights

1 Tl—JF-‘cn;d) v PR TR TRty l l’("'() 0‘37 037 037 I'.):l; D;—7 037

‘On;y 'a‘cpu;jcabt:g‘-_l :-0 machines offering a warmywarm cycle. For machines with no warmywarnm cycle, ths value shoukd be zero and TUF, U S DOE Standard Appllance
(warm) shoul .
‘ test procedure 10 CFR430.23(j)

4.1.2 Total per-cycle hot water energy expressed in kilowatt-hours per cvelo and [c) HE., = [Vh, « T « K| « Total energy when H
cansumption for all maximum, average, and  defined as a minimum load is testod. Append IX J2
mrinimum water (il Jevels tested, Calculate () HE e = [VB, x T K] = Total enargy whon  Wheru:

{he total per-cyche hot water snergy o maximum Joad ks testedd ? -
umption for the maximum water All : . T = Temperature rise = 75 “F (41.7 "C)

, HE s, the minimum water fll lovel, (b) HE,,,, « Vb, < T 2 K| = Total enargy whan
HEuewn. a0 the average water fIll lovel, HE..,. an average losd is tested

K« Water apenific hawt In Mlowatt-hosrs per he u e ovche, at maasisien, aeerage s percychal for Se steam cycie and
el grve F o= 000240 0007 14 KW/ wrd mindersa e west boads, respentively, delind as
L for the eatra hot was cycie - e, « Cn )

Vho, Wi and Vi, are as &oftined @ 4.0 0 th,, Eh, wd B3, sew ropoctod electrical «BHs, » Cull

4.0 Tosal weighind per-cycis Aot water onergs consemogtion vl (o Kilrwatt Qe = [Ha ¢ Ca)
gy consappiion. Caloalate the tocd houss por cycle, ol suaisen. srerage Whane

welghted pee-cychs biot waler snergy w0 mindoeare st bads, respertively, M., G, Mo, Ca. M., arwt Gay e defined Tier Level
conam e, HEy, expressed n kilowatt fox the hat wash cyche
Trawes pot c5cle *O0ed o BEw. Bv,, and B tod ehocteiod ¥ p
s poe oyl Modified Energy Factor Water Factor

iy o Ml * P ] # My % P |+ e cnangy comasmgt

Capacity Dryer Energy

e 00 Lhe b i Bertons
aximremn, average. and
A5 basad an the st
el 3y 5hem o B
wonher botng testod. The values wee as
shosen i Tahbe 41,3 of this appendix Ec.. Bc,. and Ec,. e topertid dectrical

comgy conssmgtion valus, in kilowatt

por cycle, sl macisnen, srerage

Washer Energy

Water use -
min load

TABLE 4.1.3—L0AD USAGE FaCTORS

windoomare dest Joads, respectivaly, '_4 > Mech‘anical T Maximum
- T T foe the codd wash cyche T erna er Load Size
Wodne M coomtl | st | AW TUF. TUF.. TUFe TUF.. TUF e, apd TUF,  @xpemmscd i gallcas pee cvcle (s Stees por Energy Heater Enes Weletuse -
! : a0 35 chofiniad {5 Talbe 4.1.1 of this oo e the het wash cycle and &efinad = avg load
ore w012 appendin Qi = (M, » 2
ne be rorele e Qe = (M, Ch) Eni Z -
7 eghind pe yele oo e e R hergy- | | Extraction - Water use -
min load Heater Energy - i
there ay ed
welg! gy Wher 8 min spe: max load
cormismpticn, Me, exfoscssd is Lllcuan Hh, Ch. Hh Cha Hiw, and Cha ave delined min load
Energy -
avg load Heater Energy -
avg load
Energy - Heater Energy -
max load max load
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Requirement Verification method

|
Modified Energy Factor

| t
Capacity

|
Water Factor
[

Weighted Avg

| Capacity

Water usage
Washer Energy Dryer Energy
~
_ Extraction Maximum T 22
Mechanical External Water Load Size Water ush -
Energy Heater Energy — “avgload
Energy - = ~
i Extraction - Extraction - —
min load Heater Energy - y L] er use -
min speed max speed
min load pe max load
Energy -
avg load Heater Energy -
avg load
Energy - | | |HeaterEnergy - | | -
max load max load -
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Requirement Decomposition

Tier Level

‘ Modified Energy Factor
|

Capauty \(’Vvel?hled Avg 221
ater usage
Washer Energy Capacity Dryer Energy {
min load ;
E Maximum . LS {
I Mechanlcal External Water Load Size Water use a
Ene Heater Energy avg load ® 2.0t
| 8
Extraction - Extraction - Water use - N 1
Heater Energy - l min speed max speed | méxicad _J|1 9
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Ener
avg IgZd Heater Energy s 1.81
avg load ‘
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max load max load !
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Requirement Decomposition

Modified Energy Factor

l

Capacity

Water Factor
[
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Washer Energy Capaty
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Hea':fi:\i‘:;gy min speed | | max speed st
Energy -
avg load Heater Energy -
avg load
Energy - Heater Energy - 60~ s e b . LA
max load max load o . so Q: " e .f‘o ®
g 56 ° qoo o © g ° .
m' ot 8 e s a o LA
252 PP ° »® o ®
4
048
o
]
B 44
]
o)
240
=
©
N
1]
k)
©
]
d
x
©
=
]
=
x
60
RMCMaxLoadSizeMaxSpeedColdRinse_perc
- MODELING SOLUTIONS

© Copyright 2021 Garstecki Modeling Solutions, LLC

DryerEnergy_J2_kWhrpercycle

DryerEnergy_J2_kWhrp[...]

USDOEMaxLoad]...] (Diameter)
Min = 5.130
Max = 5.130

2.0
18
. s ¢ -
1.5 - e o
L
1.2 8 I s

c o =
O N

o
N

0.0

0 25 50 75 100 125 150 175 200 225 250 275 300

Energy_J2_kWhrperyear

. All rights reserved.

MEF_J2_ft3perkWhr

6.1
5
5.1

46
4.1

36
3.2
2.2
17
12

WUCapacity_|[...] (Di

Min = 77.000
Max = 77.000



Continuation of the Requirement Decomposition

Water Factor

Capacity
Dryer Energy

Maximum
Load Size

Modified Energy Factor

Weighted Avg
Water usage

Water use -
min load

\

[_Capacity |

Washer Energy

Extraction

Mechanical External Water
Water -
‘ Energy ’ ‘ Heater Energy :\}g Icl::cei
Energy - . -
; i Extraction - Extraction -
min load Heater Energy - i Water use -
min Ioa\dgy min'speed meesgeed max load
Energy -
avg load Heater Energy - ;
avg load o 3
Energy - Heater Energy - £ fie
max load d goe =
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Resulting Requirement Example

| want to sell a product that has a
U.S. Energy Star rating of Tier 3.

The clothes washer system shall have a
MEF value between 3.0 and 3.5, in units of
cubic foot per kWhr, under the declared
Energy cycle's default settings using the

Appendix J2

U.S. DOE Standard Appliance
test procedure 10 CFR430.23(j)

rated loads.
r \
Business / Mispion— G\
I Stakeholder
Needs/Requiremenjs-~
- -

The Wash Unit shall have a final
water retention value between 20
and 40, in units of percentage,
under the declared Energy cycle’s
default setting and rated loading.

The Wash Basket shall have a final
spin speed between 1000 and
1100, in units of RPM, using the
declared energy label’s rated load.

| Component Requirements |

Recursive

| System Verification

1 Subsystem Verification }

Module Verification l

Component Verification ’

~
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The drive motor shall have a
minimum power capability
between 600 and 650, in units
of Watts, at the maximum
declared spin speed.

~

Wash Unit extraction
bench test, spec XXX

Basket accelerated spin
bench test, spec YYY

Motor Dyno bench
test, spec ZZZ
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Tradespace and Project Decisions
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> Subsystem--------—---->Component requirements —---->
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THANK YOU!
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