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“Design for Support, Design the Support & Support the Design”

We do NOT look at components or “level 3" subsystems in isolation in our
system engineering or logistic engineering approaches

This has been our approach from the outset in 2005

South African developed commercially available & proven software tool
(since 1990)

Ramlog Information Management Module for analyses and generation of manuals
Ramlog Simulation Module for simulations and optimization
Ramlog for Maintenance Management
The next few slides will give a quick snapshot of progress and how our
“‘motto” is implemented in our projects (both KAT-7 and MeerKAT systems)

Exploring the Universe with the world’s largest radio telescope
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Level 3 Level 3
CAM Subsystem Vehicles Subsystem
Level 3 Exploring the Universe with the world’s largest radio telescope

Data Processing Subsystem



Logistics engineering
KAT-7 & MeerKAT
Scope of work
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MeerKAT System

Level 5

(gives direction, evaluate,
integrate, perform
modelling, assist with
management of the support
system)

Telescope & Facility
Segments

Level 4

(influences design - do
analyses, establish the support
system to make sure that the
support system is effective

LSA = Logistics Support Analysis
e ; ILS = Integrated Logistics Support
over lifetime of the instrument) RAM = Reliability, Availability & Maintainability

Development Phase



Logistics engineering

KAT-7 & MeerKAT
Scope of work (3)
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Direction & Guidance

Logistics Support

-_l Evaluating & Integrating Management \

Simulation & Modelling

'

Verifying

/ N\
B

™~

Acquiring & Establishing

Logistic Support Analysis



Logistics engineering
KAT-7 & MeerKAT
Current status / Progress ST LR A

For MeerKAT, we
are here

For KAT-7, we
are here
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Logistic Engineering Planning

— Logistic Engineering Standards & Procedures

SKA SOUTH AFRICA \
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Exploring the Universe with the world’s largest radio telescope
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Level 5 Simulation & Modelling
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— Life Cycle Cost Results
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Statistical results including Availability,
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Level 5 Support Management (=74
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Operational cycles
RAM requirements
AOR requirements

Design data,
Hardware data,
Supplier data,
OEM data,

Data requirements

v
Reliability data

Criticality
definition
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Maintainability data
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2> Equipment data

Support Concept
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Hardware Data (Original
Equipment Manufacturer)

Configuration Management Data (eB)

Logistic Product Breakdown Structure (Ramlog)

Rambog, - Infarmation Management Edition
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OEM = Original Equipment Manufacturer
Configuration Management Software used by SKA SA

Ramlog = Reliability, Availability and Maintainability Modelling Software used by SKA SA
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+ C
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< il >

4 4 |21 of 183 | b b

WASA DARTS (MARDE -YDYSAI EYDRESS) Baml an | lcar

Baml an | lar

Detail Task Analysis

(Actual KAT-7 Data)



SOUARE KILOMETRE ARRAY

HamiLor: - In io ’ [Ta
0y P vew  Ubewy  Symen Widse  Hep
=l ] 3 B | caT-7 TELESCOPE MANLIAL, PiRT 3 3 M ¥ATT AR, FRRT G =L Prewe ;QJ
LCH N BNTENNA 12WETER LDk pese - —
R S W . SNTENA 12 HETER i [
wsopson | ANTENSA ASSEMILY MRS SERVCE [cro . [] Sequnce |1

ok Deted] Sublasia] Epare Pt | Sopmmt £ | Fockten | D I Taps] [ANTENNA ASSTMRLY JE00HRAS STRMCE

2 - g mwvonts bomte seemein [ | Task Dot | Supashs | Spave Forts | Sugpen Ecupmert | Facioes | Documeriaion | Lirked Topes.

[ LBAT SWATCH SRACKET, BOTEDM
1 WASTET - BT w1t O Tl
1 BRACKET - LT Sl O T
1 BT T LbaT SwfEw ToP
o T BECLMATIN WOTICM a5
% £1 COUNTERWERHEASSY -
“

T) PP (NDWELDMENT : .
{05 Mo Wew by Syem  wedw  Heb

| rarrisa = i sh 3 5] | Aty reuescorr aal, et o m [ AT MANL, BT i - LM Bre =§.|
EFE] AR
[ I 1 R | [
= o W T [CT T
vat-is4 TekCode  CEDA A ] Secens |3
mI Daal Doscrption: | AHTENMA ASSEMBLY F500HRS SERVICE
LCN M AITNAGA 2 TR [T Task Doiad | Subtasks | Spare P | Suppet Daiomert | Fackins | Documértitin | Linked Topees
TehCate (0[] Segweer 3 T
Demcrphon  ANTENAA RSSEMELY JS00HRS SERACE
I

Tk D | Fubiashs | Sre Pt | 5000 (3mertfackims | Docurmeriznon | Lrind Topey
Fuahies Gy T O e

.
ENGAERRTS DU Iar: o

AANTENGA WRLIAL AL ' M
| GREASE af\ias EFLFD Hz th

AN GLASS 134
TERGUE WRENCH 1 i S0 (= n\
Do Casr
FOCET WEATHER METER
AEMESIVE LDCTTTE THACADLOONNG 222

| MY PR TR SMALL CRANE

| DREASE U Atvines,

TaP 100U
PUTRS COMBSATION RECLNE 1

| ALEW R Bl DR ST

| BLOVE LATEX FOWDER FREE LARGE Fasi|
FLASHUGHT WAGITE LED BCELLD
LMD LTI MR
BRCCM TARD STHE 4R

| VALLIM [LEANER FARCHER £
LACOEN RS TUAL 1 WAT EXTENTN
BT WOLDORG FONGUL MEASURENT 11
WALING TAPL S0000M

| PERSONNEL FROTECTIE EGLPaENT

| ANTENYG4 4557 WA TENSHCE LOG. J90048 SEFM
WG DIV SET 12000

R

N

CO0000DO00000ooOoono

(Actual KAT-7 Data)

Wil:  wmieh | W43 e M I

A AR MM SRS [ [ B PARTS (DARREL | SOLDFRESS) Ramiog User Ramiog User




Maintenance

¥Ed

SKA SOUTH AFRICA
SQUARE KILOMETRE ARRAY

Client NRF (National Ressarch Foundation)
Project KAT-T
Type HANDBOOK

KAT-7 TELESCOPE SEGMENT MANUAL (INTERIM)
PART 6 — OLM PREVENTIVE MAINTENANCE

Document number

VBRI ..ot ere e ot r st e e et re e F
Classification ... ...Commercial in Confidence
BULIEIRIT e et er e e D Lisbenberg
DA e 13 Apr 2011

Manual

(Actual KAT-7

SOUARE KILOMETRE ARRAY

K0000-100:0v 1-DEF M HA
Revision: F

KAT-T TELESCOPE SEGMENT MANUAL
PART & — OLM PREVENTNE MAINTENANCE

Flacdvbe o uglng

4 Murinken imferface

Elamping inkerlaze

Figure 8 — Clamping Imertace on the Pump & Mosor Assembly

TAKE CARE NOT TO DISLODGE OF DAMAGE THE SUPPLY AND
RETURN PIPES TO THE ROTARY VANE PUMPS.

CAUTION:

24. Lnlising & medum Prillips Screw Dnver, unscrew tha Clamping Interlace sacunng the Aotary Vane
Pump o the Pump Inleriace.

25, Ramove the Aotary Vane Pump from tha Aluminium Pump interface, It My ba stuck end may need
s0me ioa 0 remove. |.|I|EII'Q 3 =0it laced Hammer, siria he Hﬂi}' Vene Pumg untl it comes
off. Halt of the Rotex Coupiing should come out & It ks attached o the Aotary Vene Pump shaf
with a M5 Grub Screw. The other hall of the Rotex Coupling Is attachad &0 the Motar shatt.

Figure 87 — Rotex Coupling
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Istics engineering

reliability analysis
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“Design for Support; Design the Support & Support the Design™

« System reliability requirements

«  The system shall have critical failures for less than 5% of annual operating time, where a
critical failure is defined as a failure which results in the system not being available for
science observations OR more than 10% of array elements not being available for science
observations

« The system shall have a mean time between critical failures of 2684hours

«  The system shall have a critical mean time to repair of <36hrs
«  FMECA for all sub-systems to identify failure modes
* Allocate MTBF and MTTR for each subsystem based on FMECA

« Calculate system downtime and availability to check if requirements are met

FMECA = Failure Modes, Effects and Criticality Analysis Exploring the Universe with the world’s largest radio telescope
MTBF = Mean Time Between Failures
MTTR = Mean Time to Repair. MTTR numbers include logistical system delays.
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Table 1: Comparative reliability allocation for FMECA

MTBF MTTR Downtime  # of failures/year
(months) (hours)  (hourslyear) for system

= 3 receivers + compressor 5 8 _ 154

§ Digitizer 24 6 _ 32

[}

e Antenna positioner 18 12 _ 43
Antenna power reticulation 6 8 16 2

% Antenna fibre reticulation 60 48 9.6 0.2
Power source 60 120 24 0.2
Correlator & Time Frequency 4 8 24 3

- Reference

ol o))

§ _g Karoo Array Processor Building 24 48 24 0.5

O =

g - Control & Monitoring system 8 8 12 2
Science processor 8 8 12 2

Remote CAM link 12 24 24 1

MTTR numbers include logistical system delays.
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Table 2: Assumptions for comparative reliability allocation for FMECA

3 receivers + compressor

S

o Digitizer

(&}

m ngw

e Antenna positioner
Antenna power reticulation

(0] \ . .

= Antenna fibre reticulation

Power source
Correlator & TFR
Karoo Array Processor Building

Control & Monitoring system

Processor
Building

Science processor

Remote CAM link

Assumption

Swap-out of hot spares to enable 8-hour repair time
Swap out failed units

Chiller requirements and concept similar to KAT-7

Built-in redundancy, as per infrastructure concept design
Hot-swappable ROACH units

Built-in redundancy, as per infrastructure concept design
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Total number of hours downtime per year = 145, resulting in a critical availability
of 98.3%, which meets the requirement of 95%.

Number of critical failures is approximately 10, resulting in MTBF of
approximately 880 hours, which meets the requirement of 2684hours.

The MTTR of critical failures is 18.5 hours, which meets the requirement of <36
hours.

Results show that the maintenance cost is driven by the receptors — specifically
the receiver sub-system.
Allocation of comp narative reliabi !I v (Tahla 1) imnliac |\/|T|QF

IHnHuyvatlivii vi vuili IPUI Luveo \ 1TUNvVIv Il IIrJIIU Ivi 1 LJ

individual receptors. Resulting

For the system as a whole, the reliability allocation in Table 1 results in a total
number of approx. 240 failures per year.
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