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Summary

» Rationale
» Space Segment PO cost model approach;

» Model Concepts and levels:
« System level activities;
* Sub-system level engineering;
* Industrial Set Up and Sub-Contractors;

» Model graphic interface;
» Future development
> Q&A
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TEWLLEUE

Project office is a significant slice of a spacecraft industrial cost
(Typical > 20%)
Its weight increases further considering actual Cost at Completion
(schedule delays affect mainly the PO)

\ 4

Importance of estimating the Project Office cost.

Models previously used were based on cost-to-cost relations at system
level

with complexity correction factors

¥

Need of a more detailed parametric model to define a reference
manpower allocation to compare with industrial proposal
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PO Cost Model Approach at a glance

Platform

+ Contractor experience
« Contractor size

+ S/S complexity

S/S responsible

System Level

+ Contractor experience
+ Contractor size

+ Contractual scheme

¢ Quality level

\ 4

PO Cost Model
v. 1.0

L Schedule Model (EL) 1 -m

*

Average team size
MGMT/PA/Eng

Instruments

+ Contractor experience
+ Contractor size

+ Consortium complexity
* Quality level

Small PLs

* Prime
involvement

e Overall
complexity
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System Activities Concept

What influences team size?

Contractual .
Number of Scheme Quality level
large/primary ~ |
payloads |

Number of ‘
small payloads
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Platform S/S Engineering Model Concepts \&&- cSa

The S/S engineering team Sub-system 1
sizes should be based on o0 P
the total effort required . reomE
by the design (hours) om0 e
spread over the available 200000 //
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Platform S/S Engineering Model Concepts \&&- cSa

4

Total
Nominal
Effort

Nomina

(hours) Average
Project Team Size,
Optimum
Duration
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Sub Contractors Effect

Effort for the coordination of
the related and not

>
et
>
-
O
O
C
D
0
)
O Subcontracted activities
© (i.e.10-30% of the nominal
o) Procurement and effort)
u— Requirement N + _
+ engineering effort Ac!dltlonal Effort required at
O (i.e. 5-10% of the prime Ieve_l in case of.Sub
qu] nominal effort) Iqw expert.lse and herltqge
(i.e. two times the nominal
)
s effort)
)
g
o
| -
o
One company Two companies:
responsible Prime + Sub
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Subsystem Subcontracted example

Sub-system 3 Engineering Total Hours
25,000
|
20,000
4 Prime Responsibility
" [ | Platform Subsystem
3 15,000 design
= 4
E [ ] M Subcontracted
2 Platform Subsystem
E 10,000 design
z
5,000 / *
0 T T T T T T T T 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
Subsystem Complexity
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Main Menu

POCoMo (Project Office Cost Model]) u20

e ey
Diapalnpad By 5. Cifand ' F Mading, £54 FEC-5VE 1

Manual input Project| Date

The user is driven through elementary
Esamatr s choices covering the Project Office main
cost drivers and modifiers such as:

Payload instruments total Mass|  500]kg
Payload Module Mass exd. Instruments (Optionall| — [kg

Tl Faost o a. Domain, Orbit type

b. Payload mass & characteristics

Domain| (Scence (@) Earth Observation () Telecom () Technolagy demorstration
el L oo oemn c. Industrial team structure and
Payload Nr. of Large instruments / Primary payloads| Nr. of SMALL instruments| .
" [ [ =] experience
Prime contractor size| (' Large (7 Mediui (@ Smal
Contractual schame ggmzﬁwpm:mmmmw e d " Qu a I ity Ievel a n d H W m atri X
(@) LIGHT {Prime. forthewhale project,
Quality Leval| (" operatonsl (®) Standard / Pre-cperational () Low cost { Technology demenstration
Prime exparienca| (® High () Medium O Low .
Satallite Models| 72 o o o 2. The model estimates the dry mass of the
Estimated Total Satelite Dry Mass (PF+PL) [kgl[ [ [ 706 ] 800 | Fowr platform that provides an extensive
calculated override

Estimated phase C/D duration [mnnths]-: [~ Overnde pa ram ete rw h en n eed ed .

calculated override 3
Estimated phase D duration [mnnths]-: [~ Overrde

The model performs an initial parametric
estimate of the schedule duration to
derive team sizes from man-hours
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PF Complexity

Platform complexity et

Cosr

Platform contractor

| @ Prime responsbily (] Large ) {1 Medum (1 Smal |
Platform contractor axparlanca |

| 7 High & Medum lLow | Complexity

Manual
A0CS Subs' .uuunmu refertothe
subsystamasawho]e,nottoﬂ)e

S/S Responsible @ Prime Convactor (1 Deficated Sboontarir (] o5 | individual equipmentunits.
Subsystem status (1 OFtheShef (1 Minory Medied @ Majorky Modified (1 Newlv[b\.ebpd| Asubsystemis only'Off the Shelf if

Peinting accuracy

1 Verylow, simpksysem, lowstability O Low: == 1arominuie
@ Medium: > Barsec, < 1ameminte (1 Fine Poirting, Highi <=8 arc 520 () Extreme: <=1 arsec

Propulsion

the equipment and subsystem designis
completelyrecurrent. Ifall equipment
isrecurrant but I‘hedeﬂgnﬂay—out]s
new, the subsystam is 'Modified".

Corrq)li.mgmnges fromoto t
0: None, sub-systemnotinclu

1 S]mp]e off+ ﬂ]eshdfsubsysten
3: Standard, modified subsystem

5: State of the art, all equipmentand

subsystem design newly developed

5/8 Responsible . Pime Gonwactor @ Dedicated Sutconwair (I NoS/5 | Check™PF SubCO” shee]
Subsystem status {1 Offthe Shelf 8 Minorly Madified (1 MajorlyMedifid (1 Newly Devebiped
{new feed sysem)  ({new feed sysem
+new tanks)
Propulsion type {1 Cokd Gz ] Mano Prop. blowdown (7 Mano Prop, Pressurized (1 Bipropellant
7 Elec. Propusion( Blec, Propulsion incorporating addtional Cold Gas thrusters
EPS [Powar) -
$/5 Responsibl @ Prive oo (1 Deficssd o (3 Mo |
Subsystem status 1 0ffthe Shef @ Modified (1 Newly Deveboped ‘

Power §/S requirements

{1 Simple; foued solar ammay panels with standard cells

% Medium; stardrd deploy bl solz amas vith standard cal

7] Campla; deployeble solxr amays vith spedal materiak and cells
forhigh andior bigh radi i

Communlcations

5/3 Responsible
Subsystem status

Data rate

Antenna type

(1 Prime Contractor (& Dedicated Subrontrsctor (1 No SIS \ Check”PF SubCO" sheet

(10OftheShaf @ Modified () MewlyDevelped

1 Low; tens of kbps
) Medium; hundreds of kps
(1 High; in the order of Mbps

| CllowGsn @ Low Gain + MedunyHigh Gein ‘
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Platform contractor is characterized
a. Contractor size
b. Contractor experience

Sub-systems “profiling” determines
a complexity factor for each the S/s
Project Office sizing (expressed in
man-hours)

a. Performance parameters
b. Development status

Make-or-Buy decision is made on
each of the sub-systems.

a. Contractors of Procured
Sub-systems are further
qualified (see next page)
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Sub Contractors

Platform Subcontractor

Propulsion

Sub contractor size ‘ # Lge

1 Medium

Subcontractor experience| & HighExpertise

1 Medium Brpetise

Communlcations

Sub contractor size ‘ Qlarge

@1 Megium

Subcontractor experience| @ HighExpertise

{1 Medium Bpertiz

Complexity

Manual Adjustment
(Prime-Sub Overlap)

2 %

Manual Adjustment
(Prime-5ub Overlap)

35 %
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SubContractor Experienceand
Manual adjustement:

The Prime Sub Overlappercentage
representtheadditional effort, in terms
ofhours, requiredat Primeand Sublevel
for the subcontractingofa Subsystem
design. Itis intendedin term of
percentageofthenominal engnearing
effortrequired.

The Prime-Sub Overlap percentage
centre value, related tothe subcntractor
high expertise, is based on historical data
anditis differentbetween the
subsystems.

Themanual adjustment cursor allowto
modifythisvaluebasng ontheuser
knowledge.

Inabsence of addiional information the
user is advised to select “high expertise”
and the compandes sizein accordance
with the expacted rates.

Greyed sub-system are directly handled
by the Platform Prime contractor

Highlighted sub-systems are
subcontracted with the following
specifications:

a.
b.

Sub-contractor size
Sub-contractor experience

Adjustment on the degree of
overlap between the Platform
prime and the sub contractor
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Major Instruments

Cosr

- e

Instrument #1

Nama | Instrument #1 |
Typa | Optical NotFPas| 4]
Mass wﬁﬂ'po;,rfmrginJ 10-500 kg esign mnﬂularltu

Instrumant contractor

|OP|inem|§:iy ® Large 1 Medium ] Smal |

Englnaaring experlence of the contractor

Low|8mall and unexperienced contractor that has never faced this technology
Medium |Medium experienced contractor facing a new design / major modifications
High |Experienced team that has already worked on similar relevant projects

1 Medim ® High {71 Veryhigh |

Instrumant cora team Please indicate the n. of members per each category not including the Prime

Co-primas 0|Rezponsiblesz for a major azsembly of the instrument

Major (| Responsibles for a subassembly or critical HW (e.g. Detectors)

Minor (| Responsibles for major engineering support (e.g. Calibration support)
Support 0| Responsibles for minor studies (i.e. contracts below soo k£)

Instrumant quallty leval

1 Operationzl % Standard | Pre-operationsl 11 Low cost/ Technology demonstration

PO Optimisation Laval MNB This iz HOT automatically adapted choosing the contracter size|

Incremental Pyramide
AR TR (o S ialhe

LSI ¢« [m] »  SME 0%

calculated override

Estimated phase C/D duration [months]

Estimated team size HGHT-

Project Administration 1.1
Contracts and Subcos Adm. 0.0
Project Control 0.9
Procurement Mgmit] 0.0

AL 02 ]

Engineering
System, mechanical &thermal
Optical Engineering]l 0 |
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1.

[#] Crveride 3

Project Office related to Main
Instruments is also estimated based
on:

a. Instrument type, size, design
repeat and modularity

b. Instrument contractor
experience and size

c. Complexity of the Instrument
Core Team

d. Instrument Quality level

The model estimate the Project Office
man-hours

The model provides an initial estimate
of the schedule duration to determine
Team size as a function of the man-
hours
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Small instruments

. Cost

Small instruments CNCINEERING

Instrument #1 Name | |
Prime involvement CFI (0%)| L' |cPIGoo%) 80
Overall complexity Low ()| * - ' |High(5) 4

Instrument #2 Name | |
o P Tl cereoons - 1. The secondary payloads (expected to be small
Overall complexity Lowe| t @ » | erigh ) 2 instruments) are also identified and taken into

Instrument 43 Name] | account to adjust the Prime contractor Project
= crr (ot ‘L | CPI (100%) 9 Office sizing. The main parameters considered
Overall complexity Low ()| * '" ' |High(3) 3 are:

Instrument #4 Name| [ ’

e CFI(o%)| - ' cpr qoo%) 0 2. The level of Prime Contractor involvement
L e e Lo G a. CFI: Company Furnished

Tnstrument #5 Name| | e
e @ m 00 Instrument. The effort is limited to
Overall complexity @ e 3 the I/F management and integration

Tnstrument #6 Name] | onto the Platform

ime invo! en o ‘ "I 100/ 100
primeimvolvement - RO |PI(o0%) . b.  CPI: Company Procured Instrument.
Overall complexity Low (1) High (5) .

— ] i The Prime contractor holds the full
Prime involvement CFI (0%)| ° L " | cPI (100%) 100 responsibility for the development
Overall complexity Low@| | High) 7 3 and integration of the Instrument.

3. The complexity of each of the Instruments
Unused
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Results sc

reen

PO®Mo dass 4 Results @ﬁ@%g/g@m@ ]

Team Size Rate [€/h] Total Hours[h] ~ Total Gost [k€] EG
calculated override calculated override
r————————- = r————————- =
1 1 1 |
3/8’[ em Level Resp| PRIME Phase C/D duration| 45  |months Delay [months]
wogeren [IETT] «

Project Administration 1.1
Qrntracts 0.6
Project Gontrol 0.8

Procurement Mgt

Product Assurance

[ s0a0]e

H
H
il |

Engineering k€
Total PO 39280 | 4790|ke
Satellite AI T [ ass] | [ ul ] [ es00]e
AT Gordination 4.2 15410.0
SM/STM A T 2.3 8290.0
EM AT 1.8 6420.0
PAM AT 7.2 26340.0
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Further Development

» Recurring Satellites and Constellations PO estimation
capability;

» Class 5 model definition for very early design phases;

» Further develop AIT activities
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Questions?
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