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Coming soon to Carnarvon…
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Context – In Time
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Context – In Relevance

As precursor, the MeerKAT schedule 
requires timely decisions, which may be 

different from those made by SKA

The decision processes may thus be moreThe decision processes may thus be more 
relevant than the outcomes 
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Context – Geographicalg p
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Context – Geographicalg p
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Context – Geographicalg p
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Context – Geographicalg p

KAT‐7
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Context – Geographicalg p

MeerKATMeerKAT
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Context – In Frequencyq y

Phase 1 
(current planning)

Phase 2

Estimated completion date 2016 2018

F b d (GH ) 1 1 75
0.58 – 1.015

Frequency bands (GHz) 1-1.75
8-14.5

RF bandwidth (MHz) 850 6500RF bandwidth (MHz) 850 6500

Sampling frequency (GSPS) 5 30

Processed bandwidth (MHz) 850 6500

Max baseline (km) 10 10
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Context – In science

• International RFP in 2009
– 21 major proposals received by the March 2010 deadline (about 500 

international scientists from more than 80 institutions and 20 
countries self organized to produce these proposals )countries self‐organized to produce these proposals.)

• All proposals closely related to SKA science, all use unique 
features that MeerKAT offers.features that MeerKAT offers.

• Adjudication September 2010 (international panel) 
– 2 Priority 1 surveys:

• Study of the origin and evolution of galaxies.
• Study of Einstein’s theory of gravity and fundamental physics.
• Same as the two SKA Phase‐1 science drivers.

d h “ f l” l• 8 Priority 2 surveys and other “unsuccessful” proposals.
– Excellent science that uses unique features of MeerKAT.
– Aspects of other surveys considered for smaller time allocations.
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Aspects of other surveys considered for smaller time allocations.

• Work session of PIs in Cape Town in April 2011



Context – In science
MeerKAT Large Survey PIs (17 18 April 2011)MeerKAT Large Survey PIs (17‐18 April 2011)

Formal interaction with MeerKAT system engineers to unpack 
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survey proposals into science requirements and MeerKAT
system specification



Context –Science linked to SE
d dMeerKAT approved documents

Iterate

Iterate
Iterate
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Iterate
Iterate



Context – In Ae/Tsyse/ sys

Sensitivity is king but Dynamic RangeSensitivity is king, but Dynamic Range 
or its proxies are the dominant queens
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MeerKAT Dish Conceptp
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MeerKAT Dish Conceptp
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MeerKAT Dish Conceptp

Composite 
sandwich mainsandwich main 
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MeerKAT Cooling Tradesg

GM Stirling Soft Vacuum

Performance

System sensitivity 312m2/K 248m2/K 223m2/K

% Improvement from Stirling 26% 0% ‐ 10%

Physical LNA temperature 20K 75K 120K

Acquisition cost

Acquisition cost for L‐band + R3.3M ‐ ‐ R3.7M

Acquisition cost for UHF, L and X‐band ‐ R10.1M ‐ ‐ R8.1M

Maintenance infrastructure Similar

Operational Cost for 3 Receivers per receptor

Total cost per year R6.7M R7.7M R6.5M

Breakdown:

Normal power consumption (not pumping 

down for GM & Stirling)

7.3 kW 2.6 kW 2.9 kW

Electricity cost R1.7M R0.6M R0.7M

Number of technicians 8 6 6

Technicians cost R4.0M R3.0M R3.0M

Maintenance components R0.9M R4.0M R2.8M

Mass

Mass reduction from baseline ‐ 19.2kg ‐ ‐ 18.9kg
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MeerKAT Cooling Decision

• GM

g

• Single He-compressor (air-cooled), above azimuth rotator
• Single vacuum pump, on sub-reflector boom Single vacuum pump, on sub reflector boom
• Compressor & vacuum pump shared

amongst three receiversg
 Maximum sensitivity

Vacuum pump
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MeerKAT Availabilityy

Likely driven by cryogenic receivers
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Offset Gregorian Optics

• Present EM best case (CEM)

g p

( )

24



Offset Gregorian Optics

• Present mechanical best case (FEA)

g p

( )
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Offset Gregorian Optics

• FEA – CEM interactions tedious …

g p

26



Offset Gregorian Optics

• Thinking documented

g p

g
[ EA-MK-WP-0008 ]

D ft A l d i ti f• Draft A released in time for
MeerKAT PDR next week

• Next step: Careful review,
taking into account future-proofingtaking into account future proofing

27



Optics Historyp y

Optics Dprojected Fmain refl. F/D RMS

1 XDM Prime‐focus 15 7.5 m 0.50 2 mm
2 KAT‐7 Prime‐focus 12 4.56 m 0.38 1 mm
3 MeerKAT Offset‐Gregorian 13.5 TBD TBD ≤ 1 mm

1 2 3

3 MeerKAT Offset Gregorian 13.5 TBD TBD ≤ 1 mm
0.95/0.3mm

1 2 3
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Tipping: Sub‐reflector Down

• Sub reflector extension ( 2m2) T ≤ 4K (L band)

pp g

• Sub-reflector extension ( 2m2)  Tspill, all angles ≤ 4K (L-band)
• Low enough in absolute terms, allows easy receiver access

Tspillover tipping curve

8

9  
Feed low, default
Feed high, default
Feed low, with extension
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Stowing: Beam to Zenithg

• Cost impact on structure small Cost impact on structure small
• No water accumulation
• Impact on foundation small• Impact on foundation small
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Shaping the Reflectorsp g

• Minor shaping of both reflectors being consideredp g g
• Decision TBD
• May add  5% to Ae in L-band … May add 5% to Ae in L band …

• without degrading polarisation purity
• without changing side-lobe (and spill-over) structureg g ( p )
• without lifting side-lobe levels
• without excluding other feed art
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Shaping the Reflectorsp g
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Material Optionsp

Reflector surface cost (equal bending stiffness)
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Material Optionsp

• Glass fiber : attractive material
• Single piece reflector (less time on site)
• Simple process (high repeatability – KAT7)
• Rapid manufacture (2/month – 1 mould)
• Qualified mould = qualified reflector (once off adjustment, 

periodic confirmation)periodic confirmation)
• Acceptable thermal match with steel
• Cost effective

• However
• Novel for this application (long term history?)• Novel for this application (long term history?)
• Some unanswered questions (e.g. long term environmental 

exposure)
• Dedicated manufacturing facility

34



Composite Reflector Lay‐upp y p

• Need a Balanced and Symmetric lay-up to minimize distortionsy y p
‐45 ‐45

+45/‐45 0/90

0/90

0/90 +45/‐45

+45/ 450/90

+45/‐45 0/90

+45/‐45

“Building block” laminate

Balanced and symmetric. Minimum number of plies = 4, cannot make it any lighter
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Reflector Manufacture (KAT7)( )
Mould Setup

Lay‐up/Transfer

Glass‐fibre Mould 
Segments

Assemble Pattern

Machine Pattern36 36



KAT7 Reflector Manufacturing 
Process QualificationProcess Qualification

Spec

Goal

Last 4 dishes routine 
manufacture, 

i i k

Process qualification 
– rework required for 

d ti t t requiring no reworkproduction status.

• More improvements pending for MeerKAT
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Mould Tolerance Build‐upp

Surface Accuracy

• Total surface error:
• Pattern error (Epat )
• Mould segment error (Ems)
• Mould assembly error (Ema)
• Process error (shrinkage) Eprocp

• Load case error (ELC(max))

Surface error = (E2pat + E2ms + E2ma.....)0.5
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MeerKAT Mould Designg

Mould Option 1:  Mould Option 1:  Mould Option 2:  Mould Option 2: 
P t ti l M KAT I tAchieving 1mm 

RMS reflector 
surface accuracy

Achieving 0.9mm 
RMS reflector 

surface accuracy

Achieving 0.96mm 
RMS reflector 

surface accuracy

Achieving 0.86mm 
RMS reflector 

surface accuracy

Potential MeerKAT Improvement 
on surface accuracy

Low cost pattern High cost pattern Low cost mould High cost mould

9. Operational dish surface error 0.99 0.90 0.96 0.86 0.63

8. Load conditions max error 0.3 0.3 0.3 0.3 0.30

7. Accuracy of unloaded dish 0.944 0.848 0.909 0.809 0.55

6. Mould to dish error 0.6 0.6 0.6 0.6 0.40? – curing distortion studyg y

5. Accuracy of mould 0.728 0.600 0.682 0.543 0.38

4. Mould assembly error 0.523 0.523 0.523 0.523 0.35? – mould design study

3. Accuracy of mould segments 0.507 0.294 0.438 0.146 0.15

2. Pattern to mould segments error 0.255 0.255

1. Accuracy of pattern 0.438 0.146

standard errors for all options assumption

"low" quality initial machined product

• Eliminate 1 and 2
• Current solution good enough for MeerKAT

"high" quality initial machined product

Current solution good enough for MeerKAT
• Study to improve major error contributors (4 and 6) underway
39



Reflecting Surface: Meshg

• MeerKAT mesh to be similar to KAT-7 (Al, 250μm, 30/”, 100mm overlap)( )

• Excellent predicted & measured reflection from UHF to X-band
• Skin-depth problem << 450MHz
• Transmission problem > 14.5GHz (1.2K vs. 0.3KAluminium at 14.5GHz)
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MeerKAT Studies ‐Wind
Loading (CFD/ WTT )

Deformation (FEM)

Surface error 

Pointing error 

Full EM model using 
deflected FEM

Validation
deflected FEM 
geometry
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Dish Manufacture (KAT7)( )

Off‐site

On‐site 42



Material Qualification

• Material qualification• Material qualification
o Structural (reflective surface)
o Environmental (UV/corrosion/fungus)o Environmental (UV/corrosion/fungus)
o Radio quality evaluation to quantify effects of environment

• Structural tests almost completed
o Strength stiffness shear propertieso Strength, stiffness, shear properties
o Fatigue
o Creepo Creep

• Test program scheduled for completion Oct 2011• Test program scheduled for completion Oct 2011
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Material Qualification

• Thermal Fatigueg
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Material Qualification

• Thermal Mechanical Fatigue Testg

No of cycles 365x30x5No of cycles = 365x30x5,
“Run‐out” 1e6 cycles
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Material Qualification

• Thermal Mechanical Fatigue Testg

Manufacturing void (microscopic) – no 
evidence of deterioration in thermal 
fatigue run‐out test
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Material Qualification

• Mechanical properties (ASTM/ISO)p p ( )
• Tension
• Compressionp
• Shear
• Creepp
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Multiple Receivers

• Indexer (probably a slider)

p

(p y )
• All operational, all the time 
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Receiver Envelopesp

4’th iti ibl• 4’th position possible
• Future FPA at either focal position
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Interconnections
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Power Reticulation

• 23kVA maximum per receptor 23kVA maximum per receptor
(2/3 for receivers)
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Lightning Protectiong g

• Good physical understanding of current flow Good physical understanding of current flow
• Agreement between (scale) modeling and measurements
• KAT-7 learning will transfer to MeerKAT• KAT-7 learning will transfer to MeerKAT
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EMC/EMI Philosophyp y

• Minimise current loops Minimise current loops
• Plan for easy improvements
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KAT‐7 Cryogenic Solutiony g
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KAT‐7 RX Installation
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KAT‐7 RX Installation
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KAT‐7 RX Installation
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KAT‐7 RX Installation (Mk.II)( )
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KAT‐7 Cryogenics Outcome

• Stirling can do science … 

y g

g
• … but vacuum maintenance may be problematic 

bl l f ( )Stable LNA platform (70K)

10°C diurnalAmbient 10 C diurnalAmbient
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KAT‐7 Monitoringg
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KAT‐7 Building Blocksg

Kat-7 (L-band)

MeerKAT (L-band)( )

MeerKAT (L-band)
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Noise Framework

Predicted 2010 Measured 2011 [lab] Measured 2011 [site] Predicted 2011 Measured TBD

KAT‐7 (Stirling, L‐band, 1.6GHz) MeerKAT (GM, L‐band)

TCMB 3.0 K 3 K

Tatm 2.0 K 2 K

Thorn & dish 0.3 K 1 K

Tfoam vacuum window 0.7 KTfoam vacuum window 0.7 K

TOMT 1.7 K

Tcoupler 4.1 K

TLNA feeder cable 1.5 K ‐

T 9 5 K 6 K

2KMeas'd 16 to 20 K

( Predicted = 18.0 K )

TLNA 9.5 K 6 K

TRX safety margin 0.5 K ‐

Tpost‐LNA 1.0 K 2 K

Tspi l l 5.0 K 4 K

[ EA‐K7‐237‐PTAS‐01_2 ]

29.3K 24‐29 K 20 K

[EA‐K7‐237‐PTAS‐02_1] [SET/TR/005/B] [EA‐MK‐WP0012_1]
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Noise Framework
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Noise Framework

Predicted 2010 Measured 2011 [lab] Measured 2011 [site] Predicted 2011 Measured TBD

KAT‐7 (Stirling, L‐band, 1.6GHz) MeerKAT (GM, L‐band)

TCMB 3.0 K 3 K

Tatm 2.0 K 2 K

Thorn & dish 0.3 K 1 K

Tfoam vacuum window 0.7 KTfoam vacuum window 0.7 K

TOMT 1.7 K

Tcoupler 4.1 K

TLNA feeder cable 1.5 K ‐

T 9 5 K 6 K

2KMeas'd 16 to 20 K

( Predicted = 18.0 K )

TLNA 9.5 K 6 K

TRX safety margin 0.5 K ‐

Tpost‐LNA 1.0 K 2 K

Tspi l l 5.0 K 4 K

[ EA‐K7‐237‐PTAS‐01_2 ]

29.3K 24‐29 K 20 K

[EA‐K7‐237‐PTAS‐02_1] [SET/TR/005/B] [EA‐MK‐WP0012_1]
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Noise Framework

Predicted 2010 Measured 2011 [lab] Measured 2011 [site] Predicted 2011 Measured TBD

KAT‐7 (Stirling, L‐band, 1.6GHz) MeerKAT (GM, L‐band)

TCMB 3.0 K 3 K
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T 9 5 K 6 K
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TRX safety margin 0.5 K ‐

Tpost‐LNA 1.0 K 2 K
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[ EA‐K7‐237‐PTAS‐01_2 ]

29.3K 24‐29 K 20 K

[EA‐K7‐237‐PTAS‐02_1] [SET/TR/005/B] [EA‐MK‐WP0012_1]
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Noise Framework
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Noise Framework

Predicted 2010 Measured 2011 [lab] Measured 2011 [site] Predicted 2011 Measured TBD

KAT‐7 (Stirling, L‐band, 1.6GHz) MeerKAT (GM, L‐band)
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Noise Framework

Predicted 2010 Measured 2011 [lab] Measured 2011 [site] Predicted 2011 Measured TBD

KAT‐7 (Stirling, L‐band, 1.6GHz) MeerKAT (GM, L‐band)
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MeerKAT L‐band Summary

• N = 64 Offset Gregorian

y

g
• Frequency coverage 1 to 1.75 GHz

• Tsys ≤ 20 K (higher in UHF)

• all-up > 66 % (unshaped, lower at other frequencies)

• Aphysical,single-dish = 143 m2

• Sensitivity > 300 [ m2 K-1 ]
• SSFoM-3dB > 1.6 x 105 / freq2 [ m4 K-2 deg2 ], freq in GHz
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RF Chain & Allocation
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RF Chain – In Cryostaty

• G1 + G2  55dB1 2
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RF & Digitiserg
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End
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