Picture: Winning design for a floating space station in Venus high atmosphere, SSDW 2019, University of Stuttgart
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What makes a cost engineer?

This section provides some background on job market trends and demographics.
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Cost Engineer seems to be a profession in high demand

m Q cost engineer jobs 9@ Worldwide ':\ Search /:' 0 == & P !D @

Date posted ~ Experience level ~ Company ~ Job type ~ On-site/remote ~ Easy Apply All filters

Cost engineer jobs in Worldwide

70,620 results Senior Cost Manager with experience in ﬁ
@ Actively recruiting DEfence prOJ ECtS

. Turner & Townsend - Brishane, Queensland, Australia (On-site) 1 week ago - 3
Promoted * 9 applicants . -
applicants

Senior Cost Manager with experience in Defence
projects = Full-time - Mid-Senior level
Turner & Townsend

5.001-10,000 employees - Construction
Brisbane, Queensland, Australia (On-site) > ploy
@ Actively recruiting

1 week ago - 3 applicants

=07 See how you compare to 3 applicants. Try Premium for free

@ Actively recruiting

A random LinkedIn search for “cost engineer jobs, worldwide” delivered >70,000 hits

Obviously, there are many different job profiles for different domains, e.g., automotive
vs. aerospace; industry vs. agency; early phase studies vs. production improvement
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MNoordwijk, The Metherlands, Sapienza Consulting  pzss

FELIT) 06 EEPSETES

e e eSS Space Cost Engineers are a special subgroup

e are recnulting 3 Cost Enginesr for S3plenza ko work on our Customers She (ESA-ESTEC) who
will b2 ghing Costs Englneering Suppart 1o fe Diraciorate of Technology, Englinearing and Cualiy

Rosponsibilitios o At least 4 years of relevant work experience 0

BenchHmarking and calibrating Intemal and extemal oost models

: Acoountanlify reconds conslsting In comparing In 3 struciured manner e edemal estimates b S ! Ste m e n g i n ee ri n g S ki | |S a re a be n efit Q

and prices versus e Inemal estimates
= Provision of Ciost Estimate neports acconding o e E54 standands B H g k I d
+ Cost Estimates Including schadule and oost risk estimates b aS I C eCO n 0 m I CS n OW e g e
+ Cost models deselopment. Thils Includes cost, schedule, and risk aspects

. :;;j:;;ﬂazmll&xm aralysis, nommalization and entry nio e existing Cost Englnesring ° Kn OW|edge of COStS mOdeIS e

+ Preparation of cost estimates In support of ESA projects, based on lachnilcal, programmatic 3
procunement Information

+ Aralyses of Industrial contracior estimates and prices
e e ——— Ability to readily assimilate input data and providing timely output °

+ Pariicipation In ESA project raviews
=+ Suppart ko Industrial contracts negoliations

+ Cost englnearing fasks In Concurrent Design Faclify studies

Profile
[ ] L] [ ] [ ]
[ ]
R When you read this job advert, some questions come to mind:
® A7 lEst i:.ﬂalSITI'EE‘ET. WK eneTienos
« System englnesring skills ane 3 bena
. 535}3&33'!3'11}}5'1'!2&'.'91;&
« Knowledge of costs models
» Broad k'lZﬁ'.'BIl-;E of current desslooments In e snEcs |'lﬂJS-'.F_.'
« Enowledge of ESA and Rs programmes and projects Is an sseet
= Z00d commurication skilks
+ [ReliEnliky, oojectiiy, Roruginess, and Inklsthe
. ."’.:llllf_.".!ﬂ'.*:lm |'IE:E'IHT.[.'311 BS-EDlE-"I-;lIlﬂ \'.*:lml'r; reftions Wity el mt actors In ESA

1. Who shall provide you the first 4 years of work experience?

2. If you were a systems engineer, why would you pursue a cost
engineering job instead?

et P i i oo o e o 3. Who shall train you in cost models?
Contact:

- e 4. Who shall teach you how to find and assimilate input data?

Slazsa S-E'lﬂ:.tlJr Cv :l'l E'r;ll&"l: 25 500 35 possinle, DUl no [T TEn 14070 o
o eaplsnzaconsulting com . .
! ’ g © 2023 Unison Software, Inc. All Rights Reserved.
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Personal experience shows: Attrition and loss of knowledge are real

Cost Engineer population change, personal observation by author, Germany, 2006-2022
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100

Minus 2/3
in 16 years!

80
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40

Normalized User Totals (2006

" -129

Total users 1/2006 New users 2006—-2021 Cumulative users 2006—2021 Retired, quit 2006-2021 Total users 1/2022

Disclaimer: These are not product of a professional survey! Data shown are based on personal observations by the author. Errors excepted, use at your own risk.
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Changing demographics call for strategies to retain cost engineering knowledge

The current median age
reccor | 5 is over 50 years
Age 50-59 50%
0% 10% 20% 30% 40% 50% 60%

B Trainees, Users [%]

Disclaimer: These are not product of a professional survey! Data shown are based on personal observations by the author. Errors excepted, use at your own risk.
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Experienced users have become fewer in recent years

Some strategy must be in

>10 years

15% place to capture the knowledge
of these experts before they retire!

6—10 years 20%

25%

2-5 years

<2 years 40%

0% 5% 10% 15% 20% 25% 30% 35% 40% 45%
B User experience [years]

Disclaimer: These are not product of a professional survey! Data shown are based on personal observations by the author. Errors excepted, use at your own risk.
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Users and trainees can be classified into three typical categories

»The Naturals« »The Pragmatists« »The Slow Horses«*
= Feel a calling to cost = Nominated by superior = Condemned to
engineering, study out after a formal assess- administrative
of own interest ment of suitability purgatory after failing
= Actively seek training = Do a decent job, might PO Bl
= Help to advance the advance from good to = Want to leave as soon
great as a better option arises

field of cost engineering

*) Borrowed from Mick Herron’s seminal series
of spy novels, entitled Slough House

How can we identify and recruit more »Naturals« early in their career?
For finding young talent, academia seems promising ...
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How do we find young talent?

This section describes recent activities to attract new talent from academia.
Since 2017, PRICE Systems Germany (now part of Unison Cost Engineering)

has been supporting the Space Station Design Workshop (SSDW) at the
University of Stuttgart.

PBO3 ¢ ICEAA 2023 Professional Development & Training Workshop
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To find new talent, the Space Station Design Workshop (SSDW)
looks promising

Y YOUR HITCHHIKER'S GUIDE TO THE .
SPACE STATION DESIGN WORKSHOF .

2022 N
7

://ssdw.irs.uni-stuttgart.de

Hosted by the Institute of Space Systemes,
University of Stuttgart

Duration one week
2 Teams, (Red & Blue), 20 members each

According to the mission statement, each
team shall design a space station and
produce a full project report

Team rooms are set up as concurrent
design facility (CDF)

Each participant is assigned his or her own
position in the CDF

Support comes from a network of experts
representing different disciplines

Presented at the ICEAA 2023 Professional Development & Training Workshop - www.iceaaonline.com/sat2023

The experts provide how-to guides and
recipes to their CDF counterparts, give
lectures on the first two days

Experts support workshop participants
24/7, on-site or hybrid

SSDW applies typical project phasing:
Mission Definition Review (MDR) 2>
System Concepts Review (SCR) =
Preliminary Design Review (PDR)

After submission of final reports, the
experts judge each team’s results and pick
the winning space station design

Finally, the teams present their results in a
public session, followed by a closing dinner

The SSDW mission statement changes every year, reflecting policy changes in human space exploration
SSDW methodology, tools and procedures have been refined over more than 25 years

The aim has always been to stimulate creative solutions from the next generation of space experts!
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The team structure for a concurrent design facility (CDF) addresses
many different skills and talents

Guides & Recipes Reference Literature g

[ ExampLE | = fidiet b R o )

o : :
PARTICIPANTS - TEAM RED P EPS TCS Radiation ECLSS | HF Communication o
. 3
£
Name Position 20 o R _'é
Itl n Project Management 3
Anna Helene Hkk Architecture pos ons ] o> ] S -
Juan Manuel il Communication %
Conall ok Cost & Risk 2
Sophiat Thx Public Relations & Outreach -
Michele Kok Power £
Lina il Human Factors & Life Support 2
Yakov Thx ISMA — Extraction / Processing : e e _ : <
Maximilian Jekok ISMA — PfOCGSSiﬂg / Assembly Systems Engineers Mission Analysis Propulsion | AOCS
Isabel el ISMA — Robotics / Application
Andrea e ISMA — Transport / Manufacturing Source: IRS Stuttgart, 2022
Sven Thx Legal
Judith e Project Management
1 kkk 1ccy cl ’ . . . ’
an ooy " |[n SSDW'’s CDF, many disciplines compete for students
Daniel Contos 7> Propulion & Transport interest, yet most aspire to be in Systems Engineering
atric adiation
Nadim e Robotics & Maintenance Systems . . . . .
Ines Fillpa Systems Engineering = Cost Engineering is embedded in Project Management
Thimothee e Systems Engineering

s hemmat conte = During SSDW 2022, PRICE TruePlanning was used as
cost estimating tool, supported on-site by two experts

Source: IRS Stuttgart, 2022

PBO3 ¢ ICEAA 2023 Professional Development & Training Workshop © 2023 Unison Software, Inc. All Rights Reserved.



Presented at the ICEAA 2023 Professional Development & Training Workshop - www.iceaaonline.com/sat2023

The resident experts provide guides and recipes to SSDW participants,
before and during the workshop

Institute of Space Systems, University of Stuttgart

1§ 1§ 1§
‘SPACE STATION DESIGN WORKSHOP 2022 S BVD ‘SPACE STATION DESIGN WORKSHOP 2022 S BVD ‘SPACE STATION DESIGN WORKSHOP 2022 S BVD
Institute of Space Systems, Universty of Stuttgart Pttt Institute of Space Systems, Universty of Stuttgart Preestes Preestes

13 Cost Estimating Process 1.4 Cost Estimating Input Checklist
1 Cost and Risk Management
Step Tasks What to use Remarks
o 1 Obtain Work Breakdown Structure (WBS) __ Ask your design team . _ .
1.1 Motivation of your mission Required Ground Rule or X OK?
7 Define the level of the cost estimate Given by Mission Statement Currency and escalation used Dollar or Euro, constant (gf (ei"‘l)en) ’
. " N . . . 9 : o
For human spaceflight, good cost estimating is a critical ingredient of a well-run project. During every 3 Define the scope of the cost estimate Given by Mission Statement 9
4 Collect i tion on the baseline mission _ Ask your design team B o —
project phase, systems and design engineers need to provide timely cost information together with the 5 If different alternatives come up, collect Ask your design team See step #16 S‘c?:TeduLe mf;Lm?twn, st g:ase g/gu:?gzalwn to Proceed (ATP) o
: " start and end dates, milestones ase o
technical attributes of mission design. No longer can programs leave cost estimates as an afterthought input data needed for trade studies - - - First Flight o
6 Establish estimation ground rules and Checklist provided with this Document properly, Initial Operating Capabilty (10C) :
for a separate cost analysis team. In modem projects, cost engineers are now embedded in concurrent assumptions, document those in master recipe you will be asked Time horizon tor lifecycle cost computation 3
§ data and assumptions list (MDAL) about it
design teams from the beginning. Whenever design changes occur, the cost experts can rapidly analyse 7 Categorize WBS elements into 'make’ and __ Ask your design team Use buy items Soaniiies Norber o Prototypes Based om modeT priosony) -
the impact on life cycle costs, leading to better decisions, sooner than before buy items wherever possible Number of Production Items o
8 For all ‘make’ elements, define the quantity ~ Document in an MS Excel” Number of Spares o
needed, including
. 9 For ‘buy’ items, use publicly available Document in an MS Excel® -
The major life cycle cost drivers are: H " Size Mass (in kg) 1
information on purchase cost, apply scratchbook Volume (in m?; check payload shroud compatibility) .
« Design and development of new hard- and software 5 ‘B"i'hei\i‘ar‘d handling ':Ies o s Fiafer 1o Tabie 55 FiSHIAD
efine wherever assembly, integration, test  Refer to Table 29-5 in
*  Manufacturing and testing (for space qualification!) of system elements (AIT) takes place Chapter 9, see PDF file Design Inheritance S:git :::EZ; ::: E:s?:m::‘sftem ;‘
" Document all collected input data for your PRICE TruePlanning
o Launches for on-orbit assembly final report : —
£ . Operating Specification Ground Infrastructure (1.0) )
«  Launches for logistics, support, and crew rotation 12 Consalidats all WBS elements in ana PRICE TruePlanning Robotic Elements (2.0) ,
TruePlanning file, do the cost estimate for Human-Rated Elements (2.5) ;
*  Ground personnel for operations total cost, broken down by WBS element -
13 For those elements with more than 1 PRICE TruePlanning Document the reasons Enginesring Complexity Scops of Design Effort (Simpls modification. Existing design =
To obtain a first cost estimate of your space station design, follow the steps of this recipe and use as design option, compare costs of alternative for selecting best ... New design, State-of-the-art technology)
i . § . concepts and pick the best option option _ Experience of Personnel (Extensive experience, Familiar o
many sources for data input as possible. Finally, stay in contact with all relevant design team members. 14 Review results with your team, apply cost Document reasoning product ... Limited Unfamiliar product)
if needed _ for Tndustrial Setup Flow of parts and assemblies through Fabrication, o
15 Spread mission cost estimate over the MS Excel® scratchbook Assembly, Integration, Test (AIT)
Remember to consider design margins according to Recipe “Design Margins”. ?JroEr;g; g')e‘ using constant-year dollars Profit and Fees (included or not included) o
u
16 Determine the major drivers of mission Operation Cost Drivers Mission lifetimes B
costs for potential cost reductions Hardware replacement assumptions ,
1.2 General Rules for Cost Reduction 17 Quantify cost model input parameter PRICE TruePlanning 3-point (pessimistic, Launch rates o
uncertainty; define input distribution point, optimistic) is Number of flights o
“ ” . functions for relevant sufficient J: i
The following points have been established as "best practices” over 60+ years of spaceflight Staff size (full-time equivalents (FTE; )
9P P! y P 9 18 Test the sensitivity of lifecycle costs to cost ~ PRICE TruePlanning ( 9 ( )
¢ Minimize the number of launches. model input parameter uncertainty, key Public-Private Partnership Government's role in development o
A « , and _ Government's role in integration and test )
¢ Minimize time to “assembly complete 19 Define risk register with probability of Document in an MS Excel® Government's role in launch procurement )
« Utilize existing hardware, technologies, and designs, whenever possible. ence. schedule and coat Impacts = Government's role in launcher provisioning °
20 Describe technical risk coming from Document in an MS Excel Impact of government support on cost )
*  Minimize the operational and logistical effort during assembly and normal operation. external project risks, scratchbook ete.
T - o 21 Testthe sensitivity of lfecycle costs to You may use @RISK (trial This Is a 'stretch goal’
* Use commercialization opportunities to create additional income or share cost. occurrence of external risks version
hitp//www palisade com/trials asp) Facilities (Ground and Space) List of facilities used as is )
Discuss these topics with your team members from the other subgroups! 22 Formulate recommendations for project List of facilities modified ]
List of new buildings )
List of new equipment )
ete. o

(— a

Miscellaneous o

[ ExampLE | [ ExampLE | EXAMPLE ﬂ

Number formatting

for cost results

Feel free to amend this checklist if you come across novel issues or items you deem worthy to include.

19.07.2022 Recipe: Project Management Page /7 19.07.2022 Recipe: Project Management Page2/7 19.07.2022 Recipe: Project Management Page3/7

Recipe: Introduction Process Description
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The 2022 SSDW schedule was packed, leading to an intense week of teamwork

[Time | Sunday, 24.07. Monday, 25.07. Tuesday, 26.07. Wedne=day, 27.07. Thursday, 28.07. Friday, 20.07. Saturday, 30.07. Time |
Topi Welcome, Introduction, Top-Level Lectures & Requirements and Systems and Subsystems | Subsystems Engineering, Docu tation Final Presentation, Topi
opic Teambullding Mission Definition Systems Engineering Engineering Documentation ocumentatio Evaluation, Closing Dinner’ ople
LIRSSV AT A L Team Exchange Team Exchange Team Exchange gg_gg
Thermal Control 09:00
R e Team Work Team Wark Team Work Presentation Preparation [ o'
Project EPS ystems and Subsystems o B " 09:30
Systems Engineering P ngineering Final Engineering
Cost & Risk Transportation g ing 09:45
Welc - ost & Ris! Coffee Break Coffee Break Coffee Break Coffee Break Final Pres. Delivery | 10:00
=lcome reception 1SS 10-15
Human Factors Breakfast Break 10:30
SSoW) Coffee Break Cs 10:45
IRS + Student Groups S nm:;:z‘::ﬁ':mm Team Work :Id?g
[ orlewsicr bl e S| Team Waork Teamn Work
Systems and Subsystems . : 11:30
ISRU + ISMA X Engineering Subsystems Engineering Documentation 11.45
Sponsors e s Team Work Requirements Public Presentations 300 ]
Mis 7 P and Initial System 12'15
slon Analysis Engineering 5o
12:30
Lunch Break 12:45
Lunch Break Lunch Break Lunch Break Lunch Break Lunch Break Coffee Break 13'15
13:30
13:45
SSDW participants Get Together 11:?2
presentations N o
Team Work Team :v;r!ch'egunr:ments ot Tean; vsvo;k . Team Wark bocumentation i: 3‘;
Requirements Engineering LIy i RSN E LRSS | oo y Engineering |
Engineering gl ing 15:00
15:15
15:30
Coffee Break 1545
Coffee Break Coffee Break Coffee Break Coffee Break Coffea Break 16:00
16:15
" Team Work
Team Work Requirements 1
Team Work AT g‘;‘stem Subsystems Engineering e
UL SR AR Engineering Documentation 17:00
17:15
Deliverables Deliverables 17:30
y Design 17:45
Team Weork Review Final Report Delivery 18:00
- c y and Subsystems 18:15
(S Review Review Engineering Presentation Preparation 18:30
18:45
,,,,,, i Clesing Dinner 19:00
19:30
Space Night Dinner Event Dinner Event Final Engineering e B 19:45
Planetarium Stuttgart Brauhaus Schonbuch Joe Penas (all night long) 9 H
20:15
Emu;_:work i Reviews
Lectures Team Design Rooms Social Events Public Events & Daadli
0.49/2 and Boysen il
SSDW 2022 Cost Engineering Questionnaire
Dear SSDW participant,
we thank you for your dedication and the hard work you invested into the outcomes of SS
Before you leave, we kindly ask you a favour and invite you to fill o wing short questionnaire. It will help us to better under

stand how to attract young talent like you to a career in Cost En

Many thanks in advance,

Your Cost Experts from SSDW 2022

PBO3

ICEAA 2023 Professional Development & Traini

Picture: Team Blue in their CDF two hours before
final report delivery deadline on 29 July 2022 (author)

All participants were invited to take part in a survey;
its aim was to better understand what might attract
them to a career in Cost Engineering

23 Unison Software, Inc. All Rights Reserved
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25 out of 40 participants from SSDW 2022 were willing to take part in the survey

Please tell us your Gender Please tell us your Age

Female Male Diverse Won't say 21-25 25-30

of Responses

Number

63% participated in the survey on Cost Engineering (25 out of 40)

60% of respondents are male, close to their percentage in total SSDW group (15 out of 25)
52% of respondents are 21-25 years old (13 out of 25)

PBO3 ¢ ICEAA 2023 Professional Development & Training Workshop
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Cost Engineering will become much more important for future careers

Rate the Importance of Cost Engineering for your Past and Future = 76% (4 out of 25) say
that cost engineering

was unimportant or
Importance for Past Education only Slighﬂy
W Importance for Future Career important for their
past education

. = The same number,
But will be 76% (19 out of 25),
important! state that it will be

important or even
very important for
their future career!

Was not
important

8

Number of Responses

= This might point to
deficits in higher
education

3

2 2 2
1 m ol
T

Unimportant Slightly Important Moderately Important Important Very Important
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Surprise: Almost nobody wants to pursue a career in Cost Engineering!

How likely is it that you will pursue a career in Cost Engineering? = Keeping in mind that
76% deem cost

engineering
important or even
very important for
their future career, it
comes as a surprise
that 80% will
probably not or
definitely not want
to become a cost
engineer!

= Only 4% (1 out of 25)

5
_ will probably pursue
a career in the field!
1
] 0

Definitely Not Probably Not Possibly Probably Definitely

Would a yield of 2.5%*

(1 in 40 SSDW participants)
be good enough?

Number of Responses

*) Assuming that all non-respondents will definitely not pursue a career in cost engineering

PBO3 ¢ ICEAA 2023 Professional Development & Training Workshop © 2023 Unison Software, Inc. All Rights Reserved.
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Cost Engineer is not perceived as a sexy job, unlike Data Scientist

Data Scientist: The Sexiest

The Work of a Cost Engineer is ... Iobiof the:2lsk Cantury

Meet the people who can coax treasure out of messy, unstructured
data. by Thomas H. Davenport and DJ Patil

‘When Jonathan Goldman arrived for work in June 2006 at LinkedIn, the
business networking site, the place stil felt like a start-up. The company
hiad just under 8 million accounts, and the numiber was growing quickly

20
16 3 . a
10
Devastati ng! e
- putit, “It was like artiving at a conference reception and realizing you
don’t know anyone. So you just stand in the corner sipping your drink—
E and you probably leave early.”
7 7
https://hbr.org/2012/10/data-scientist-the-sexiest-
job-of-the-21st-century
4
- Only 2 out of 25
2 2 5
find the work of
. . a cost engineer »sexy«
Sexy

Old-fashioned

Y

i

Number of Responses

Challenging Tedious Monotonous Rewarding Boring Interesting
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SSDW participants are not very experienced in data science tools

. . . Quora # 7 e 4
Experience in Programming Languages -

+ Create Space B Retated to your original question
3 B 0ata science . Sid Hazra x
Ex-RED @Startup; PhO@CMU - 5y - +
11 @ vitor x-RED principal@Startup; PhO@CMU - 5y
MATLAB Is MATLAB more popular and useful for research than Python? Why?
7 @ Machine Learning el Anenered s MATLAR more popular and tee eemrch than ython

Depends. On many things. Since both are tools - Tools are determined by the

Technology
8 Technology problem environment that you are working in and trying to solve, not ideclogies.

& matLas So let's not go by opinions and speculations. We will look at Google
1 trends/scholar data. Before we do that let's note a few points
- @® Discover Spaces
Python 2 1. First note that python, by itself, is not comparable with matlab - it started as a
8 webdev and server side scripting tool that grew massive. Then people familiar
with that side of things started pushing to make it more general purpose. Numpy
and scipy make python comparable with matlab but only to an extent.
2. Then note that Python+numpy-+scipy is still not comparable with matiab
L because matlab goes deep into hardware and python does not (IVI/VISA, PChe
0 o o DAQ, VXI etc. compliance, then camera ISP, USB3 vision, Genlcam, Gentl, UVC
_ 2 compliance in addition to all the .net and com support for windows
C#t environments)
4 3. Python is not even on the map for target specific HDL/code generation
5 (pyveriog not withstanding). Matlab supports Altera/Analogy Ky /At
/ARM/AtmelMicrochip products among others. This integrates matlab inside a
ASIC/contral systems/RTOS/DSP toolchain that most SWEs don't operate in. Most
0 of you don't have to worry about developing board/silicon version specific

Jupyter Notebook I https://www.quora.com/Is-MATLAB-more-
I 5 popular-and useful-for-research-than-Python-Why

Markdown NN :
SSDW participants are
JSON 2 not data scientists.
E— E— MATLAB is the most
used programming
language among
respondents.

. W >5years M 3-5years 1-2 years M Beginner

0 2 4 6 8 10 12
Frequency
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Data Collection seems to make the Cost Engineer’s job unattractive

rn T - ™ _ BEl |
The Work of a Cost Engineer is ... 81@%? Q F M Y

h
i

20

IS DATA COLLEGTION

Frank Freiman, inventor of parametrics, c1975

. . » Is the challenging,
tedious, monotonous
N collection of input data
) 2 the reason why so few
. . want to become a cost
engineer?

Challenging Tedious Monotonous Rewarding Boring Interesting Sexy Old-fashioned

Number of Responses
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How do we take the pain out
of data collection?

TruePlanning seems a very large, complicated, and labor-intensive cost model for
a 1-week workshop. Therefore, SSDW participants can opt out of using it for their
project and rely on a spreadsheet model instead.

However, since 2019, all SSDW teams have been using TruePlanning!

In 2022, the key issue flagged by participants was data collection. Particularly
painful is the gathering of data points for Manufacturing Complexity (MCPLX).

PBO3 ¢ ICEAA 2023 Professional Development & Training Workshop
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Calibrated MCPLX data shall provide input guidance and make users happy:
Until 2014, there was PRICE KnowledgeNetwork (KN)

MCPLX over Mass: PRICE KnowledgeNetwork (KN) data dump as of 2007 Z —
GRecherche ste | P9t @ infos page + EaMorter + P oz

18 °

16

[ J
L4 °
° e MCPLX for Structure
14
® o o MCPLX for Electronics
12

KnowledgeNetwork™ was
a cost knowledge base
hosted on the old PRICE

10

Manufacturing Complexity (MCPLX)

8 .
Systems website
6 ° It contained typical inputs
. for cost estimates

‘ Discontinued in 2014,

° it was replaced by
2 TruePlanning’s built-in
1.00E-03 1.00E-02 1.00E-01 1.00E+00 1.00E+01 1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07 1.00E+08 1.00E+09

Mass [kg] equipment type calculator
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In the 1990s, filtering KnowledgeNetwork by domain, data points were
compiled into a Calibration Handbook for space hardware

MCPLX over Mass: PRICE KnowledgeNetwork (KN) filtered for space hardware

16 NASA Headquarters
PRICE Systems Enhancements
e MCPLX for Structure

14 PRICE Calibration
— MCPLX for Electronics Handbook
<
g ° ® February 1996

°oe °
2 12 3 .
>
°
"%’ . 5
E— o X ° - L Py . ® ° ° °
°
810 ° o e ,\;. ":'...... ®
3 g0 & MO ST o o o 2
= eg °* 7 o o ot W, o
= 009 ;« "Ny [ 6725 Odyssey Di
t; ° [ ] ...2 ...v & 7. é [/ .ﬁ °® o um.mmg, NB:S—“
8 8 o o° j. '? %, o ANV &2y oo ° R
- o do Rpldr con gt a8 LIRAMIELN 0
g ° ° .. L) () ‘. =
006 ) ¢ °
6 ° b s °° ] u ®
= ')
° o
° -
4 Most data points

shown come from
2 NASA’s 1996 PRICE

1.00E-03 1.00E-02 1.00E-01 1.00E+00 1.00E+01 1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07 1.00E+08 1.00E+09

Mass [kg] Calibration HandbOOk
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Today, with KnowledgeNetwork offline, TruePlanning users
can still find calibrated MCPLX values in picklists

@ Tables and Calculators: PRICE Calibrated Values X
MCPLX over Mass: PRICE KnowledgeNetwork (KN) space data + PRICE picklist data z ay
EXAMPLE 8 (KN) sp P :

Assuming a user

b is doing an estimate for a
y 20,000 kg solid rocket booster:
= What shall be the MCPLX? T = |
g Caveat: Picklists assume
g 1 | that MCPLX is constant
ER i for all members of a
E ! product family.
= : Example:
Solid Rocket Motor, 5.92 ! For a (Solid) Rocket
, | Motor, TruePlanning
! suggests either 5.92
, : (uncrewed) or 6.36
1.00E-03 1.00E-02 1.00E-01 1.00E+00 1.00E+01 1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07 1.00E+08 1.00E+09 (human_rated).

Mass [kg]

Caution: Greyed out data points for space hardware are no longer available to TruePlanning users, but displayed in the graph for reference
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SSDW teams’ strong demand for calibrated data points led to harvesting of
actuals from the popular TransCost model, mapping them to TruePlanning

MCPLX over Mass: PRICE KnowledgeNetwork (KN) space data + PRICE picklist data + TransCost actuals
EXAMPLE 8 (KN) sp P

HAaNDBOOK OF CosT ENGINEERING

AND DESIGN
OF
° Exam P le shown is for SPACE TRANSPORTATION SYSTEMS
Revision 4
y Solid Rocket Motors i

(TCS-TR-200, p. 124)

12 Cost Estimation and Economical

TransCost 8.2 Model Description
Statistical-Analytical Model for

Optimization of Launch Vehicles

20,000 kg
10

Solid Rocket Motor, TCS - TransCostSystems

Human-Rated, 6.36

Manufacturing Complexity (MCPLX)

TransCost offers many

6
solid ocket Motar, 5.92 AR R data points for different
4 MCPLX is not product families.
A constant They can be mapped to
1%00E—03 1.00E-02 1.00E-01 1.00E+00 1.00E+01 1.00E+02 1.00E+03 1.OOE+OI4 1.00E+05 1.00E+06 1.00E+07 1.00E+08 1.00E+09 TruePlanning easily.

Mass [kg]
Caution: Greyed out data points for space hardware are no longer available to TruePlanning users, but displayed in the graph for reference
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Testing Solid Rocket Motor actuals for independence between
Mass and MCPLX shows that both are strongly correlated!

MCPLX over Mass: PRICE KnowledgeNetwork (KN) space data + picklist data + TransCost regression Z Qsmfocm Motors - Data Points from Transcost
Z = Oea. Oe 9
x e
Regression Line Formula for -
" Solid Rocket Motors: ;
= MCPLX = 9.4644 x Mass0-958 0 00 ke 0 om0
f;i 5 R2 = 0.9479
£ Revising picklist values
g 10 solid Rocket Motor based on actuals leads
g Human-Rated, 6.36 to higher cost model
g s accuracy. Caution:
5 MCPLX impact on cost
6 . is non-linear.
) Solid Rocket Motor, 5.92 Using MCPLX - 5.33
MCPLX for 20,000 kg: 5.33 instead of 5.92 reduces
, the unit cost estimate
1.00E-03 1.00E-02 1.00E-01 1.00E+00 1.00E+01 1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07 1.00E+08 1.00E+09 by 52%!

Mass [kg]
Caution: Greyed out data points for space hardware are no longer available to TruePlanning users, but displayed in the graph for reference
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So far, seven TransCost product families have been mapped to TruePlanning

EXAMPLE MCPLX over Mass: PRICE KnowledgeNetwork (KN) space data with TransCost product families added
SSDW participants love

examples in the form of
reference data, the more,
the better.

16

14 Cryogenic H2 Engines Modern Rocket Engines
TransCost was used as
data source for MCPLX
calibration. Seven product
Bipropellant Engines families were investigated.

12

10

When mapping TransCost

Storable Propellant Engines X
8 Solid Rocket Motors tO PRICE TruePIann|ng, a_”
\ Cryogenic Propellant Stages

Manufacturing Complexity (MCPLX)

\ Storable Propellant Stages Tr.anSCOSt prO'dUCt famllles

. will show variable MCPLX
as function of mass!

4 This approach could be
extended to other cost

2 models.

1.00E-03 1.00E-02 1.00E-01 1.00E+00 1.00E+01 1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07 1.00E+08 1.00E+09

Mass [kg]

Caution: Greyed out data points for space hardware are no longer available to TruePlanning users, but displayed in the graph for reference
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allows the quantification of cost modelling accuracy

92

MCPLX

O = N W I

10

Solid Rocket Motors -- Minimum Viable Dataset (MVD)

MCPLX Max, 8.133

MCPLX = 9.4644xWeight 0058

Unit Weight [kg]

PBO3 ¢ ICEAA 2023 Professional Development & Training Workshop

—
—
—
=~ - 2
—— R? = 0.9387
————————— MCPLX Mean, 6.266 - - - - - - == === - == o o 4o oo oo oo oo qe oo
T 1
————————— MCPLX Median, 5.856 -~ --= === -4 oo oo
o=
. MCPLX Min, 5.103 ; —-
i T1 Cost Modeling Accuracy E :
i data points total: 16 ' Cost Modeling
: data points <-20% : 2 ..
! data points within £20% : 9 ! Accuracy visible!
! data points >+20% : 5 ! !
| : |
: Weight Min, Weight Median, Weight Mean, | Weight Max,
| 16.7 1,810 15,045 80,900
|
|
|
!
100 1,000 10,000 100,000

By default, neither
TruePlanning nor
TransCost show cost
modeling accuracy for
product families.

The solid rocket motor
example on the left
shows how it can be
done in MS Excel™
without special tools
like TrueFindings.

In @ Minimum Viable
Dataset (MVD), a
product family can be
accurately described
without having to
disclose individual data
points.
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Building on the experience from SSDW 2022, future participants shall enjoy
improved input guidance, especially for MCPLX
Challenges

= Perceived lack of calibrated MCPLX
data for Space Stations

Opportunities

= Consolidate additional data from other
models into a curated dataset for
Space Station Design

= Compile a dedicated SSDW Calibration
Handbook

= Quantify Cost Modeling Accuracy by
product family by assembling
Minimum Viable Datasets (MVDs)

= Existing calibration data is old
(>30 years) and US-centric

= Data mapping between different cost
models, e.g. TransCost = TruePlanning
is not self-explanatory

= Cost modelling accuracy is unknown

At SSDW 2023 ... -

= Participants will be offered an enhanced set of calibrated MCPLX data

= A follow-on survey will be conducted, based on what was learned in the previous workshop
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Conclusion

This final section covers what we have learned so far from supporting
the Space Station Design Workshop (SSDW) and what shall be the next steps

on our quest for new cost engineering talent.

© 2023 Unison Software, Inc. All Rights Reserved.
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Supporting the Space Station Design Workshop (SSDW)
taught us some lessons

Typical participants are students; so, we meet and train potential candidates
before they enter the job market; everybody seems highly motivated and eager to Target Group
learn; these are fantastic circumstances for scouting young talent

One week in a Concurrent Design Facility (CDF) is the perfect environment to
assess trainees; you spend one week together, almost 24/7, with people engaged in  BLcll AT\ 1T (41
an actual project, deliverables and all; there simply is no better way

In the pecking order within SSDW teams, the Cost Engineer is near the bottom;
the current data science hype does not seem to impact interest in cost engineering; Job Appeal
everybody finds the job important, but 96% want somebody else to do it!

The SSDW CDF does not need a particular brand of cost model to work properly;
however, since 2019, TruePlanning has been used as primary cost tool (sponsored); Cost Models
it is feature-rich and allows to easily map data from diverse sources

Collecting data is the biggest challenge for participants; mapping data points from
different cost models and other sources can help; highest on the wish list is a (tbd) Data Collection
Calibration Handbook covering current space systems, subsystems and equipment

PBO3 ¢ ICEAA 2023 Professional Development & Training Workshop © 2023 Unison Software, Inc. All Rights Reserved.



Presented at the ICEAA 2023 Professional Development & Training Workshop - www.iceaaonline.com/sat2023

All stakeholders can support the quest for new cost engineering talent

Agencies & Government shall ... Industry shall ...
= ... endorse an open exchange of cost data = ... convey a positive image of jobs in cost
= ... acknowledge the need for specific “cost engineering
engineer” job profiles in different domains = ... support hands-on activities in academia
(automotive vs. aerospace; industry vs. agency; (like SSDW) with expert knowledge

early phase studies vs. production improvement) = ... publish more data, if needed as minimum
viable datasets (MVD) that describe product
families without disclosing confidential data points

Tool Vendors shall ... Academia shall ...

= .. test product families for independence = ... offer more courses on cost engineering
(orthogonality) of mass and exponent (MCPLX) = ...embrace concurrent design facility (CDF) format
= .. compile a calibration handbook comprising for student projects like SSDW
open-source data points for all kinds of space ... mandate cost estimates for all student projects
systems, subsystems, and equipment = ...seek cooperation with professional
= .. support academia with lectures and expertise organizations like ICEAA (International Cost
Estimating and Analysis Association)
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Thank you!

Fabian Eilingsfeld Nicolaus Millin
Office +49 (6142) 966081 Office +49 (6142) 966082
fabian.eilingsfeld@unisonglobal.com nicolaus.millin@unisonglobal.com

https://www.unisonglobal.com/product-suites/cost-engineering/

PRICE Systems Deutschland GmbH
Eisenstr. 49, 65428 Ruesselsheim, Germany
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