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MY ThirtyMeterTelescope

Thirty Meter Telescope / ; ww.tmtgo rg
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 Developed by TMT International Observatory (TIO)
o JPL participates in several subsystems of TMT

o APS (and AO) team uses MBSE to analyze requirements,
produce design, and perform analysis

 Alignment and Phasing System (APS)

o Sensor responsible for measuring the pre-adaptive optics
wavefront quality
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MBSE is the formalized application of modeling
techniques to support system requirements, design,
analysis, verification, validation and documentation
activities

MBSE expresses a system using a Systems Modeling
Language (SysML), a profile of UML

MBSE is often applied with a method like Object
Oriented System Engineering Method (OOSEM)

OOSEM maps onto the ISO systems engineering process
and integrates top-down (functional decomposition)
approach with model-based approach

© 2016 California Institute of Technology. Government sponsorship acknowledged.
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Thirty Meter Telescope

* Provides a platform for modeling that integrates JPL’s
mission environment OpenCAE, by incorporating a model
repository that can be accessed for example with a rich
SysML desktop client (MagicDraw) and a light-weight web-
based client (ViewEditor)

 The model repository provides the following features:
o Basic Infrastructure for Version, Workflow, Access Control

o Flexibility of content
o Support for Web Applications and Web-based APl access
O

Multi-tool and multi-repository integration across engineering and
management disciplines

© 2016 California Institute of Technology. Government sponsorship acknowledged.
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e Carry out quantitative assessments of systems in
order to select and/or update the most efficient
system architecture and to generate derived
engineering data.

e System analysis provides a rigorous approach to
technical decision-making. It is used to perform
trade-off studies, and includes modeling and
simulation, cost analysis, technical risks analysis,
and effectiveness analysis.

© 2016 California Institute of Technology. Government sponsorship acknowledged.



A kind of systems analysis that assesses whether a
system design meets the objectives and satisfies the
constraints that are implied by the system
requirements
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Next phase of system modeling emphasizes
executable models to enhance understanding,
precision, and verification of requirements

Executable Systems Engineering Method (ESEM)
augments the OOSEM activities by enabling
executable models

o ESEM produces executable SysML models that verify
requirements

o Includes a set of analysis patterns that are specified with
various SysML structural, behavioral and parametric
diagrams

o Also enables integration of supplier/customer models

© 2016 California Institute of Technology. Government sponsorship acknowledged.
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Use MBSE to define executable SysML model that captures
requirements, operational scenarios (use cases), system
decomposition, relationships and between subsystemes,
etc.

Use the model to analyze the system design for
o power consumption, mass, and duration
Produce engineering documents

o Requirement Flow Down Document

o Operational Scenario Document

o Design Description Document

o Interface Control Documents

Uses standard languages and techniques where practical
to avoid custom software development

© 2016 California Institute of Technology. Government sponsorship acknowledged.
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Thirty Meter Telescope

Capture operational use cases with estimated durations of
actions, e.g.
o Post segment-exchange alignment: requirement: 2h; CBE 1h19m

Capture power and mass characteristics of components

|Identify involved subsystems, e.g. Telescope Control System
(TCS), M1 Control System (M1CS)

|Identify interfaces and interactions among subsystems
Analyze associated scenarios

Automatically verify system requirements are met
Derive requirements for TMT subsystems

Develop/refine timing requirements for algorithms, internal
and external interface commands

© 2016 California Institute of Technology. Government sponsorship acknowledged. 13



Model execution framework and infrastructure:

O

O

O

O

The standard based model execution of:

Model debugging and animation environment
Pluggable engines, languages and evaluators
User Interface prototyping support
Model driven configs and test cases

SINULATION TooLkr ,.R___/i‘t;

Activities (OMG fUML standard)
Composite structures (OMG PSCS)
Statemachines (W3C SCXML standard)
Actions/scripts (JSR223 standard)
Parametrics (OMG SysML standard) WSP'
Sequence diagrams (OMG UML Testing Profile)
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IR
TMT

Thirty Meter Telescope
F
«blocks e
APS Operational Blackbox Specification Explanation Definition P
Tm—=— ~....upd irem i |
2 a2 4 3] Up ate equire ents | Analvze
block [
" ppis : Peak Power Limit Requirement it JPL ‘ e :m“:io") ] T e - Z
proxy ports = o — -
PEAS2M1CSOUt APS to M 1CS interface blocks | Duration Explanation | ;?;‘:‘;‘eﬁa i ws'éf;"lﬁ:na:"z‘;‘z‘_‘ﬁf:;’?a‘l’g‘a"s
PEASZTCSI is ali o Rl — ] >
e gm On-axis -ng:gn:'n“ n;:::g:ﬁ for Post | a"awgme:_ Analysis Driver [ single elevation angle) when all optics are C O n Ce pt u a I
PEAS2ESWIn = | | within the post-segment exchange
PEAS2ESWOut ol - A ’-% specifications.”
PEAS2M1CSIn postSegXchgTimeLimit second = 7200{unit = nd}d | TMT ID = REQ-2-APS-0016" 1
APS2Userin —] | | x e S I n
APS2UserOut ¥ | | esatists
i |
«constraints | [ | 4
PostSegmentE xchangeTimeConstraint | [
= «blocks
3 {p1<=maxTime} “ : «analysess | APS Mission Conceptual
= [ parts
maxTime: Real ) | [ ional Blackbox APS C redefines aPS Operational Blackbox JPL}
-— p1 :Real I |
-
T Final : Real Post Seg Xchg Tme Limit :  Post Segment Exchange : Off Axis Off Axis Map RB Dit : Integer Phasing Dit :
ond Post Segment Exchange Measurement Points : Integer Integer
Time Constraint Steps : Integer
dtualMDs cox 7200.0 pass
El 5 Cox 1517.0 6 7 45 20

NFIRAOS

Analyze Realization
Design/Specification

wor s [Ty

Wt Conwet
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» Stepl:
 Step 2:
 Step 3:
 Step 4.
* Step5:
* Step6:
» Step/:

ﬁExecutable System Eng'nee ingiviethod

Formalize Requirements
Specify Design

Characterize Components
Specify Analysis Context
Specify Operational Scenarios
Specify Analysis Configurations
Run Analysis
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* Requirement Pattern

o Customer Side
® Define the textual requirement with a Requirement

® Optionally define a design black box specification with a Block with
relevant value properties

® Optionally refine the Requirement with a Constraint Block on the
black box design Block
o Supplier Side

® Define a design black box specification with a Block (that refines
the customer’s black box Block if any and provides tighter property
values)

® Refine the textual Requirement by a Constraint Block (if not
already defined by the customer)

© 2016 California Institute of Technology. Government sponsorship acknowledged. 17
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«block»
Vehicle
parts
transmission : Transmission
wheel : Wheel
engine : Engine
values
grossWeight : Ibs [1] = 2700.0{unit = |bs} Q

speed : mph [1] = 65.0{unit = mph}

numberOfWheels : Integer [1] = 4

stopTime : sec [1] = 0.0{unit = second}
stoppingDistance : ft [1] = 172.522213699465unit = ft}

—

—_—

«requirement»
Vehicle Weight

«satisfy»  |1d ="4"

than 3200 pounds."

Text = "The vehicle weight
— — Zlshall be equal to or less

«refine»

«constraint»
Weight Constraint

constraints

& — — — T|{weight <= 3200}

paramelters

weight : Ibs{unit = Ibs}

par [Block] WeightAnalysis| WeightAnaIysisJJ

:_Veﬁcle_

:

weight

grossWeight : Ibs [1] I

«constraint»

: Weight Constraint

{weight <= 3200}

© 2016 California Institute of Technology. Government sponsorship acknowledged.




T™MT

Thirty Meter Telescope

\
|
| | |
| ablocks | «blocks N ' |
| APS Black Box Specification TMT | ook Peak Power Limit Requirement TMT «comments «ObjectPropertiess
| | pplc —= Upper bound as «TMT Reguirements |
| | — SpowerPeakLimitE nclosure: W = 8500 o “|specifed by TMT Peak Power inside the Enclosure |
| — —tpoverPeakLimitSummitFacilityBuildings\V = 4200.05 Text = "APS shall have a peak load inside the |
! A3 | [ Enclosure of less than 8.5 kW" |
| 7 X
| |
' «Specifess «ObjectPropertiess / s |
| =T T T «TMT Requirements /
— s 1 o «comments |
Peak Power inside the Summit Facilities Building / . X
| The requirement specifies
| Text = "APS shall have a peak load inside the / the powerPeakLimit value '
Summit Facilities Building of less than 4.2 kW™ / property. It specifies the |
| upper bound of power |
| / consumption
| «refines / jl
/
Y T L S e T L
____________________________________________ o - o — — - - — — o
[*F%. «blocks «blocks / |
| |APS Operational Blackbox Specification JPL ppis Peak Power Limit Requirement JPL / L |
| values / Upper bound as specified
| powerPeakLimitEnclosure: W = 8100{redefines powerPeakLimitE nclosure, unit = watt} / g b)") pSuppIier. To bep:hown l
| powerP eakLimitSummitF acilityBuildingsW = 4100.0{redefines powerPeakLimrtSummitFaciIrtyBu:ldlng/s.unn = wat‘tT by analysis that the |
as-designed value |
| enc iacillny satisfies it |
| par [Block] Peak Power Limit Requirement JPL@ Peak Power Limit Requirement JPy «constraint» |
| Peak Power Load Constraint |
| p:wW p:W constraints «comments
| L] L] {p<requiredPeakLimitLoad} — —|This constraint :
«constraint» «constraint» parameters specifies formally
. enc : Peak Power Load Constraint facility : Peak Power Load Constraint piw r Siolprarbound !
I {p<requiredPeakLimitLoad} 0 {p<requiredPeakLimitLoad} requiredPeakLimitLoad W |
[ []
| requiredPeakLimitLoad - W requiredPeakLimitLoad : W !
. |
I [
I [
| | powerPeakLimitE nclosure : W = 8100 ’ powerPeakLimitSummitFacilityBuildings : W = 4100.0 |
l [
/




Follow OOSEM to define two white box
specifications that specialize the black box
specification

o Conceptual Specification

o Realization Specification

Decompose the white box designs into Blocks
representing the subsystems

© 2016 California Institute of Technology. Government sponsorship acknowledged.
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Step2:-Realiza

«Diagram Description»

bdd [Package] Realization Design APS Realization Structure}J

«block»

APS Operational Blackbox Specification JPL

«block»

«oosem:physical»
APS Realization

summit Installatiori

«block»

«oosem:node physicals
Summit Installation

oomputer!S

«System Components
Control

v

«HW Components
Computers

«SW Components
Software

dome Installatiorl

«blocks

«oosem:node physicals
Dome Installation

ins I{g:bsets subM ass, subsets subPower}

«System Components

System Decomposition Hierarchy

Instrument
APS Optical BenchI APS Electronics Rackr I
«HW Components «HW Components «SW Components
Optical Bench Controller Rack ICS
«HW Components «SW Components
Computers Software
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Step 2: Gonceptualiviodel

Communication between state machine specified components over ports ,
nowledged. 23/




TMT Step3.-Characte GOMPONENtS

e Add relevant patterns to the design Block to make it
executable

* Example: Roll-up Pattern

o Constrained value represents an aggregate value that is
propagating up a hierarchy of subcomponents

o Static roll-up (e.g., mass roll-up)

o Dynamic roll-up (e.g., power roll-up)

© 2016 California Institute of Technology. Government sponsorship acknowledged. 24
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bdd [Package] rollup patterns| Rollup patterny

mass : Real [1]
/totalMass : Real

«block»
«Pattern»
ComponentWithMass
constraints subMass
sum : total k
values {u nion}

:

«constraint»
total

constraints
{total = parent + sum(child)}

parameters
child : Real [*]
parent : Real
total : Real

par [Block] ComponentWithMass| ComponentWithMassy

subMass : ComponentWithMass [*]

/totalMass : Real

mass : Real [1]

parent : Real

child : Real [*] «constraint» l:]total : Real

sum : total
{total = parent + sum(child)}

ItotalMass : Real

© 2016 California Institute of Technology. Government sponsorship acknowledged.
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bdd [Package] Roll-up Pattern{ Power Roll-up Pauemy

«block» par [Block] PowerRollU pPatterr PowerRollU pPattemu
PowerRollUpPattern
constraints subPower : PowerRollUpPattern [*]
y sum : TotalChildren power : W [1]
f JtotalPower : W

parts

subPower : PowerRollU pPattern [*]
p: Real

- L] totsl - Res!
ItotalPower : W{unit = watt} : niaj: ixes :
power : W [1] = 0.0unit = watt} child - Real [*] e T e
operatingPower : W = 0.0{unit = watt} sum : TotalChildren
standbyPower : W = 0.0{unit = watt} {total = sum(child)+p}

dassifier behawor

«statemachinesPRBehavior

stm [State Machine] PRBehavior{ L%i PRBehaviory «constraints
TotalChildren
. "
t State constraints | |- wiiinig
TurnOff parameters
off e standby child : Real [*]
{power=0} Standby {power=standbyPower} total : Real
p: Real
TurnOn | TurnOff

{power=operatingPower}

Power Rollup Pattern




TMT . Automation

Thirty Meter Telescope

1.Before applying Rollup Pattern
pkg cost[ [& Laptop costu

«blocks
I’ CostRollUpPattern

paris
subCost : CostRollUpPattern [*}{union}

values
cost : Real [1]
JtotalCost : Real
‘h.}(

E «blockx» F
| Laptop [
Specification Enter
Symbol Properties Alt+Enter
" I Element Group >
el Create Diagram >
«block»
Memory| Go To »
Be  Selectin Containment Tree  Alt+B
ran
Related Elements [ 2
Register Refactor » {hpad
i ‘ Tools ba Hierarchy Diagram Wizard...
graphics card |* cache 3
«blocks ablocks Edit Compartments Create Setters/Getters...
Graphics Card Cache Stereotype Implement/Override Operations...
Simulation » Create Instance...
Generic Table Wizard...
.......................................... ' —— |
.................. D Dall. B n h

2. Applying Rollup Pattern
using Rollup Pattern Wizard

Select Pattern Block:

CostRollupPattern
Apply Recursively
Set Role's Name

Set Subsetted Properties

Create Value Properties and ...

27\
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bdd [HW Component]Collimatof Collimator Assembly Roll-upu

«block»
PowerRollUpPattern

constraints
sum : TotalChildren

values
AtotalPower : Wiunit = watt} vy
power : W [1] = 0.0{unit = watt} [*
operatingPower : W = 0.0{unit = watt}
standbyPower : W = 0.0{unit = watt}

i

«HW Components
Collimator
Field Lens
Collimato {subsets subM ass, subsets subHower}
«HW Components
Relay Lens
parts
: MotoFsubsets subM ass,subsets subPover} Fold Flat| {subsets subM ass, subsets subPower}
— = «HW Components

Transmitted_percent Mirror
Reflected_percent

values
size : Real

— Power RoII-uFP Pattern Amolicationzy—
© 2016 California Institute of Technology. Government sponsorship ackno edg\ed.



Analysis Context Pattern

o Abstract analysis context Block composes both the design
black box Block and white box Block

o Analysis properties defined on the analysis context Block
(e.g., peak power, power margin)

o Analysis parametric model on the analysis context that
computes and binds analysis values

© 2016 California Institute of Technology. Government sponsorship acknowledged.
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Step4:Specify’Ana

values
peakPowerEnc: W
peakPowerFacility : W
maxD : Real
minD: Real

«block» «block»
«Explanation» «oosem:physicaly
Peak Power Limit E xplanation «analysess» APS Realization
constrainis pars
: DetermineMax summit Installation Summit Installatiofsubsets subM ass subsets subPowver;
: DetermineMax dome Installation: Dome Installatiogsubsets subM ass subsets subPover;}
pans 47
|analysis Driver : Analysis Driver
zanalysess» «block»

APS Operational Blackbox Specification JPL

Analysis Context Pattern

© 2016 California Institute of Technology. Government sponsorship acknowledged. 39' '
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par [Block] Peak Power Limit Explanatiod Peak Power Limit Explanatiorﬂ

aP$S Operational Blackbox Specification JPL : APS Operational Blackbox Specification JPL R

ppls : Peak Power Limit Requirement JPL

«constraints

«constraints
enc : Peak Power Load Constraint facility : Peak Power Load Constraint
[ERIRERE ol il oad) {p<requiredPeakLimitLoad}
[ L] [ [
p-W [EqEd RSk Rt osd B p:W requiredPeakLimT:Load W
I powerPeakLimitE nclosure : W = 8100 I powerPeakLimitSumm
itFacilityBuildings: W =
4100.0
peakPowerEnc : W peakPowerFacility : W
«comments -
as designed pe:_ik new:Real |old : Real new: Real old : Real
during a scenario | - — — I - - = -
| «constraints | «constraints . y
| :Dotominebx || :Dotominchsx Analysis Context Parametric Model
I {nevw=max{old,current)} I {new=max(old,current)}
. [ . []
current - Real current - Real

aP$ Realization : APS Realization
|

dome Installation : Dome Instdllation summit Installation : Summit Instajlation
p: ~.
~ltotalMass : kg

«comments

= as designed value at any point
ItotalPower : W I in time during a scenario

/
W £U 1V vallluiliia HiSuLuLS Ul 1GUHTIVIVYY. \SUVGTTTTIGH L apuﬂSOfShip aCkn0W|edged. /
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 Operational Scenario Pattern
® Concrete analysis context Block that

O

O
O
O

Represents one operational scenario (e.g., power configuration)
Specializes the abstract analysis context Block
Redefines context’s properties with scenario-specific values

Defines an owned behavior (sequence diagram) as scenario driver

® Changes the states of the different components, by sending them signals,
causing the rolling-up to occur automatically

® Can specify duration constraints to time the injection of signals thus
controlling time spent in a certain state

® (Can use state constraints (on components) to verify during execution if a
component is actually in expected state

© 2016 California Institute of Technology. Government sponsorship acknowledged. 32
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Thirty Meter Telescope

sd [Interaction] Peak Power Limit Scenario Onling Peak Power Limit Scenario Onliny B B
Selector Selector
il 2
«blocks» = «block» = «System Components «System Components «HCD» «HCD» «HCD»
analysis Driver : Analysis Driver «oosem:physical» aP$ Realization.summit aP$ Realization.summit aP$ Realization.dome aPS$ Realization.dome aPS$ Realization.dome
T aPS Realization : APS Realization i P : i P : Installation.ins.APS Installation.ins.APS Installation.ins.APS
: T Control Control Electronics Rack.PIT CCD : Electronics Rack.SH CCD : Electronics Rack. APT
| 1: TurnOn ! T T Camera Ctrl Camera Ctrl CCD : Camera Ctrl
| | T
asp ! ! i i |
\ | | | |
2: TumPn \ | : : :
{1s} | ! : ! :
|
| 3: TumOn : : : :
| | |
{15 : T | | |
| 4: TumOn | | | !
Il T ] | |
| \ o | |
{1s i | | I :
! | |
| |
i H 5: TumOn i | I
v | | H
| | |
“s | | | : :
: : 6: TuniIOn | |
T t
! : : | |
{1s} | H | | |
: | | : :
7: TumOff i ] ] ! !
: : | |
{35 | ! : :
8: Abort : ! : !
: : | |
| |
: : | |
i i | 4
: : | l
i i | |
: : | |

Operational Scenario Driver

© 2016 California Institute of Technology. Government sponsorship acknowledged. 33/
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Step 2: Gonceptualiviodel

Communication between state machine specified components over ports ,
nowledged. 3‘}/




TMBtep 6: SpecifyScenariojGonfigurations

Thirty Meter Telescope

e Scenario Condition Pattern

o A decomposition tree of instance specifications representing
the state of the scenario

® Can be presented in tabular form
o Rows represent the instance specifications (e.g., component)

o Columns represent values (e.g., operating power) from the instance
specifications

* |Issues
o Hard to keep instance specifications in sync with Block hierarchy
® Mitigation: tool automation

o Instance specifications cannot be displayed in IBDs

® Mitigation: use full specialization tree of singleton Blocks for each
scenario

© 2016 California Institute of Technology. Government sponsorship acknowledged. 35
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# Name Classifier Operating Power : W Standby Power : W
1 | =1 peak Power Limit Scenario Online.aPS Realization E] APS Realization 0.0 0.0
2 | = peak Power Limit Scenario Online.aPS Realization.dome Installation EJ Dome Installation 0.0 0.0
3 | = peak Power Limit Scenario Online.aPS Realization.dome Installation.ins £ Instrument 0.0 0.0
4 | = peak Power Limit Scenario Online.aPS Realization.dome Installation.ins.aps electronics rack £ Controller Rack 0.0 0.0
5 =1 peak Power Limit Scenario Online.aPS Realization.dome Installation.ins.aps electronics rack.apt bs = Motor Ctrl 0.0 0.0
6 | = peak Power Limit Scenario Online.aPS Realization.dome Installation.ins.aps electronics rack.apt bs.subMass[1] £ MassRollupPattern
7 | =1 peak Power Limit Scenario Online.aPS Realization.dome Installation.ins.aps electronics rack.apt bs.subPower[1] PowerRollUpPattern /r \
8 =] peak Power Limit Scenario Online.aPS Realization.dome Installation.ins.aps electronics rack.apt ccd £ camera Ctrl ( 150.0 ) 200.0
g =1 peak Power Limit Scenario Online.aPS Realization.dome Installation.ins.aps electronics rack.apt ccd.subMass[1] £ MassRollupPattern \J
10 | =1 peak Power Limit Scenario Online.aPS Realization.dome Installation.ins.aps electronics rack.apt ccd.subPower[1] E] powerRollUpPattern
11 | = peak Power Limit Scenario Online.aPS Realization.dome Installation.ins.aps electronics rack.apt filter 1 = slide Wheel Ctrl 0.0 0.0
12 | =1 peak Power Limit Scenario Online.aPS Realization.dome Installation.ins.aps electronics rack.apt filter 1.subMass[1] EJ MassRollupPattern
13 | = peak Power Limit Scenario Online.aPS Realization.dome Installation.ins.aps electronics rack.apt filter 1.subPower[1] EI powerRollUpPattern
14 | [= peak Power Limit Scenario Online.aPS Realization.dome Installation.ins.aps electronics rack.apt filter 2 = slide Wheel Ctrl
15 | =1 peak Power Limit Scenario Online.aPS Realization.dome Installation.ins.aps electronics rack.apt filter 3 ] slide Wheel Ctrl \
16 | =1 peak Power Limit Scenario Online.aPS Realization.dome Installation.ins.aps electronics rack.pit ccd = camera Ctrl K 150.0 2 100.0
N
Scenario Initial Condition Pattern
syt Lomimi, Lacs s s w0 0 = P o wre L = ruwsinuIUprauEn
178 | =1 peak Power Limit Scenario Online.aPS Realization.summit Installation.subMass[1] E] MassRollupPattern
179 | [=) peak Power Limit Scenario Online.aPS Realization.summit Installation.subPower[1] E PowerRollUpPattern /P\
180 | [=1 peak Power Limit Scenario Online.aPS Operational Blackbox Specification JPL.pplc EJ peak Power Limit Requirem [ 8500.0 \
181 | [=1 peak Power Limit Scenario Online.aPS Operational Blackbox Specification JPL.ppls EJ Peak Power Limit Requiren \ 8100.0 /
182 | [=1 peak Power Limit Scenario Online.aPS Realization.pplc E3 Peak Power Limit Requirem S
183 | (=1 peak Power Limit Scenario Online.aPS Realization.ppls EJ peak Power Limit Requiren
184 | [=1 peak Power Limit Scenario Online.aPS Realization.summit Installation.computer 1 E Control 500.0 100.0 0.0

/
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 Run the configured analysis with a simulation
engine on the initial conditions to get the final
conditions:

* Produce the following views on final conditions

o Table showing final analysis values (e.g., peak power) and
the constraint’s pass/fail status for each scenario

o Timelines: state changes for components over time
o Value profiles: total rolled up values over time

© 2016 California Institute of Technology. Government sponsorship acknowledged. 37
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e Customer and supplier model in same SysML
project, APS and Adaptive Optics

* Project level (customer) conceptual elements re-
used for simulation in downstream design

* Analysis: Duration, Power and Mass

https://github.com/Open-MBEE/TMT-SysML-Model

© 2016 California Institute of Technology. Government sponsorship acknowledged.
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It is possible to automate requirements verification in SysML
models

Introduced a new Executable System Engineering Method that
consists of a set of pure SysML analysis patterns

The method can be executed using an Off the shelf simulation
engine for SysML

big interest in other projects at JPL

Trigger Analysis from Web interface and auto-generate documents
Integrate analysis engine (solver)
Integrate FMI units

© 2016 California Institute of Technology. Government sponsorship acknowledged. 40
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https://github.com/Open-MBEE/TMT-SysML-Model

Open Source Engineering Environment: https://github.com/Open-MBEE
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Post-Segment Exchange Alignment
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class Post tExchange Alignment Post-S:
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Post Segment-Exchange Alignment
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The table below shows our current bottom-up time estimate for each of the activities that make up this use case. The total time estimate is ~96 (TBR) minutes, which is to be compared with our
requirement of 120 min (as shown in the figure below).

0 Comments

2.1.6 Time to execute

At Keck, we routinely perform post-segment exchange alignment in 120 minutes or less. However, at Keck the segment shapes are measured in a separate test, with each segment measured separately,
but adjustment of the segment warping harnesses is manual and occurs the next day. We will measure the TMT segment shapes in parallel as part of the rigid body and segment figure activity and imidiatly
adjust the segment shapes during the night via the motorized warping hamesses and iterate the control at least once. Given our bottom up estimate and our Keck experience we have a high degree of
confidence we can met the 120 minute requirement.

B 223 Entrance
W 224 Use case activity
i 225 Optical Performance Requireme
1 226 Time to execute

~ [ 2.3 Rigid Body M3 Alignment
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Post-Segment Exchange Alignment Timing Anllyiis Results
This table shows the results for the post segment exchange duration analysis.
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