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But I don’t care 
because I am a 

RADIO TELESCOPE 
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Why a radio telescope? 
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Why a radio telescope? 

h#p://blogs.discovermagazine.com/badastronomy/2011/05/15/the-belch-of-a-gassy-galaxy/#.V8A4Qvl96Cg	
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Why a radio telescope? 
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Why a radio telescope? Jets	of	parJcles	
accelerated	by	
the	black	hole	at	
the	centre	to	
near	the	speed	of	
light	emit	radio	
waves	
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MeerKAT single receptor 
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MeerKAT layout 
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SKA1 layout 
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SKA1 layout 
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System	level					95%	
	

Dish	power	network				99.9%	
	
	

->	propose	a	realisJc	number	
	
	

Availability 
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Approach 

Complex	network	
	

189/197	powered	=	success	
	
	

Reliability	Block	Diagram	
	
	

If	Excel	can’t	do	it,	it	doesn’t	need	
to	be	done	
	
	

Fault	Tree	Analysis	
	
	Discrete	Event	SimulaJon	Model	
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Reliability Block Diagram 
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Reliability Block Diagram 
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Reliability Block Diagram 
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Reliability Block Diagram 
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Reliability Block Diagram 
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Reliability Block Diagram 
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Reliability Block Diagram 
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Reliability Block Diagram 
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Reliability Block Diagram 
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Reliability Block Diagram 
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Fault Tree Analysis 
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Cater	for	mulJple	
possible	
architectures	
	

No	coding	to	
change	
architectures	
	

Flexible Self-generating 
189/197	dishes	
being	powered	
	

Compute 
Support	design	
decisions	

Compare 

Simulation Model 
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•  MTBF,	MTTR,	distribuJons	configurable	per	component	type	
•  Uniform	for	acts	of	God,	Weibull	for	wear-out,	lognormal	for	

repair	Jme	
•  Standard	deviaJon	and	shape	

Configurable component failure data 
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•  Number	of	mini-subs	
•  Number	of	kiosks	per	mini-sub	
•  Number	of	receptors	fed	per	individual	kiosk	

Configurable core architecture 
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•  Buried	22kV	cable	secJon	with	single	minisub,	single	kiosk,	
single	dish	feed	

•  Overhead	22kV	power	line	with	dual-step	outputs	per	dish	
•  PV	plant	per	dish	added	later	

Configurable spiral arm architecture 
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Simulation Model 

§  Excel	2010,	lots	of	VBA	

§  RBD	and	FTA	as	input	
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Simulation Model 

§  What	it	does:	

Ø  For	a	selected	configuraJon	
Ø  …with	selected	failure	probability	distribuJons	
Ø  ..it	generates	the	equaJons	
Ø  ..for	that	configuraJon	
Ø  ..then	predicts	failures	

Ø  ..and	determines	the	end	effect	

Ø  ..considering	selected	redundancy	
Ø  ..to	compute	availability	over	a	selected	Jme	
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Simulation Model 

§  What	it	doesn’t	do:	

Ø  Predict	achieved		availability	
Ø  Predict	maintenance	trends	

Ø  Predict	absolute	numbers	for	inherent	availability		

ü  (the	best	I	can	do	is	rela%ve	numbers	for	different	

configura7ons)	
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Simulation Model 
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Baseline Design 

	 Baseline	
Design 

Dish	Power 98.04% 
All	core	dishes	OK 98.02% 
All	spiral	arm	dishes	OK 93.18% 
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Baseline Design 



www.ska.ac.za 

One kiosk per mini-sub, better 22kV overhead 

	 Baseline	
Design 

One	kiosk	
per	mini-
sub 

Dish	Power 98.04% --------- 
All	core	dishes	OK 98.02% 97.83% 
All	spiral	arm	dishes	OK 93.18% 93.82% 
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PV on outer spiral arm receptors 

	 Baseline	
Design 

One	
kiosk	per	
mini-sub 

PV	on	all	
spiral	
arm	
dishes 

Dish	Power 98.04% ----- 99.54% 
All	core	dishes	OK 98.02% 97.83% 98.43% 
All	spiral	arm	dishes	
OK 

93.18% 93.82% 81.77% 
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PV on last three spiral arm receptors 
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PV on last three spiral arm receptors 

	 Baseline	
Design 

One	kiosk	
per	mini-
sub 

PV	on	all	
spiral	arm	
dishes 

PV	only	on	
outer	3	
spiral	arm	
dishes 

Dish	Power 98.04% ----- 99.54% 98.95% 
All	core	dishes	OK 98.02% 97.83% 98.43% 98.40% 
All	spiral	arm	dishes	OK 93.18% 93.82% 81.77% 91.58% 
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Reflections and Conclusions 

Availability	doesn’t	always	cost	more…	

..if	designed	for	up	front	

PV	being	invesJgated	
	
	

Excel/VBA	vs	commercial	

Power	network	design	ongoing	
	
	

ImplicaJons	visible,	iterate	
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SKA	South	Africa,	a	Business	Unit	of	the	NaJonal	Research	FoundaJon.	
We	are	building	the	Square	Kilometre	Array	radio	telescope	(SKA),	located	in	South	Africa	and	eight	other	African	
countries,	with	part	in	Australia.	The	SKA	will	be	the	largest	radio	telescope	ever	built	and	will	produce	science	that	

changes	our	understanding	of	the	universe	


