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B Data center plays an extremely important role in banks,
government and enterprise users and other important
industries and departments

TIA-942-A-2014

Telecommunications _ Tier I Tier Il _
Tier IV Tier
Infrastructure Concurrently Redundant ]
Fault Tolerant o Basic
Standard for Data Maintainable Component
Centers
Reliability UPS: 2N with |UPS N+1 with 10| UPS: N with 7|UPS: N with 5
15 minutes | minutes  battery | minutes battery | minutes battery
battery minimum back up [ minimum back up | minimum back up
minimum back | time time time
up time Generating: N+1 | Generating: none | Generating: none
Generating: for total building | redundancy for UPS | redundancy for UPS
2N for total load size size
building load
Availability 99.995% 99.981% 99.749% 99.671%
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Topics on reliability

B How does UPS equipment improve the
reliability of power supply for IT equipment?

B How to calculate the reliability of
uninterruptible power system in data center?

B What is the relationship between reliability
and availability of uninterruptible power
supply system in data center?
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Topic 1: How does UPS equipment
improve the reliability of power supply for
IT equipment?
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Topic 1: How does UPS equipment improve the reliability of
power supply for IT equipment?

Grid |Raid UPS R | ITLoad
(Ruyps)
Assume;
Rgr,-d= 0.9999, R s =0.9999
Then:

R=R,., X Ryps = 0.99980001 < R

grid gnd



KELONG =

— #ﬂft}iﬂ"
Topic 1: How does UPS equipment improve the reliability of
power supply for IT equipment?

I Bypass :
I

| I
I DC B ¢ |

. Rgrid ) AC/DC us DC/AC | R
Grid I > (Rieo) > (Rin) ° I » |IT Load
| Bypass |
_____________________ J
Battery

(Rbat>

Assume: UPS MTBF =100,000h Then: A, =1/100,000 h*
O SO .
10 100000 1000000 byp

4 1 a1
100" 100000 222222

Aoyp =L0%0% Ayps = =99.9999%

Arec =Aing = A0V X Aps =

R. =R =99.99955%
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Topic 1: How does UPS equipment improve the reliability of
power supply for IT equipment?

R

Gird ane * Bypass R
— |T Load
(Ryn) J (R,
AC/DC | DCIAC |R' s
(Rrec) > <Rinv)
Battery RAC_UPS =F (Rgrid , Rbat’ RUPS)
(Rp)
Reliability
Ryrid 99.965%
RL'JPS = |:1_ (1_ Rgrid | Rrec) ) (1_ Rbat)] ) Rinv I:\)UPS 99.999%
Ror Riy 99.99955%
[1 (1-Ryi) @ Rups)] oy Royp 99.9999%
=09.9998998424913% Rypat 99.9999287%
Rgr,d 99.965%, R ps = 99.999%, R = 99.999899842913%
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Topic 1: How does UPS equipment improve the reliability of
power supply for IT equipment?

: . 240VDC
Grid | AcIDC DC/DC | | 336VDC R | .
( I:\)grid> ( Rrec> ( Rdc/dc> : ]
DC UPS (HVDC) (R pg)
RDC_UPS =F (Rgrid , Rbat’ RUPS) I?e;\)tter)y
bat
R yrid 99.965% R=1- (1_ Rgrid ) Rrec ) Rdc/dc) | (1_ Rbat)
Rups 99.999% =99.9999999744035%
(0)
Riecr Rugge ~ 99.99955% Ryig = 99.965%, R pg = 99.999%,
Ryt 99.9999287% R = 99.9999999744035%
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Topic 1: How does UPS equipment improve the reliability of
power supply for IT equipment?

Brief summary:

1. Although UPS is connected serially between the power
supply and the IT load, the reliability of power supply for
the IT load is improved due to the application of the UPS
equipment.

2. Compared with AC UPS, DC UPS eliminates the bypass
switch, and provides two redundant power feed for the IT
load together with the battery, so the reliability of IT load
power supply is further improved.
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Topic 2: How to calculate the reliability
of uninterruptible power system in data
center?
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Topic 2: How to calculate the reliability of uninterruptible power

system in data center?

Single Feed: N+X UPS redundancy | ups1 |
| (R) i
: Transfor ! !
Grid ! ! J
R) [ | oy D't'JAE [ Distri A
1 (Ry) | ATS ST | ues2 | L] OS] AT | ppy
Ll ®) — bution —1— (R) — bution —> cabinet —> R.)
) (Rg) | ° | (Ry) (Rg) °
Generator | | : : :
(Ry) -~ P(A,): UPS input reliability
UPSN . P(A,): UPS output reliability
(Rg) . P(A,): IT Load power supply
; : reliability
A, : A, A

P(A)=[1-(1-RR,)--R)I'R,-Ry Ry, =icN+k RN (1—R)**

N+ X
X
P(A) =) Cylx RV - (1-R)*™
k=0

P(A;) =P(A)-R;-Rg - R,

R=F (P(A), Rats Re)
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Topic 2: How to calculate the reliability of uninterruptible power

system in data center?

Redundant Feed: 2N power feed redundancy

Transform ATS Distrib J UPS Distribu J

Grid > or > 1 | ution Ly 1 Ly tion
(Rl) N 1 ! ! 1
(RZ) (R4) (RS) i (RG) i (R7)
| ' » Ay ppy
. ca(l:;;:)et LRy
Gerersor o ars || e ] es o
®s) 1 ® 2 5t @ ]2
: R _l B R O O S —l
AL YDA A,
P(A)=[1-1-R-R,)-1-R)I-R,- Ry P(A,): UPS input reliability
P(A,): UPS output reliability
P(A,)=F(P(A), Ry Re) P(A;): IT Load power supply reliability
2
P(As) = P(Az) ‘R;-Rg-Ry = F(P(Ai)’ Ryat Re) ‘R;-Rg - Ry Ron :1_[1_ P(AB)]
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Topic 2: How to calculate the reliability of uninterruptible power

system in data center?

Parts Symbol MTBF(h) Reliability (R) Failure Rate (A)

Grid R, 99.965000000000000% | 3.500613X104ht
Transformer R, 1484736 |99.999932647981600% |6.735204 X 1097 h-1
Generator R, 273298.7 ]99.999634100648700% | 3.659000 X 10-96 h-1
ATS R, 102093.95 |99.999020514827200% | 9.794900X 1096 h-1
Distribution Re. R, 1011060 |99.999901093950400% | 9.890610X 1097 h-1
UPS Re 156362 99.999360460468500% | 6.395416 X 109 h-!
UPS module Rq 156362 99.999360460468500% | 6.395416 X 109 h-!
Array cabinet Rg 1011060 | 99.999901093950400% |9.890610X 1097 h-t
PDU Rg 100000 99.999000005000000% | 1.000000X 109 h-1
Battery Rig 1402524 [99.999928699997800% | 7.130003 X107 h-t

e The data are provided by

[1] Zhang Guangming , etc.. Design and application of UPS power supply system in

data center[M]. Beijing: Posts and Telecommunications Press, 2008.

[2] Zhang Guangming, etc.. UPS Design and application for high availability of power
supply system[M)]. Beijing: Posts and Telecommunications Press, 2003.
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Topic 2: How to calculate the reliability of uninterruptible power

system in data center?

Power supply architecture (N=5,X=2) Reliability

141 AC 99.9988021949358%

DC 99.9988021949767%

Single Feed N AC 99.9984824130106%

(N+X UPS DC 99.998802188852%

equipment AC 99.9988021943632%

redundant system) N+ DC 99.9988021949767%

NEX AC 99.9988021949767%

DC 99.9988021949767%

Redundant Feed N AC 99.9999999840796%

(2N system) DC 99.9999999856526%
Conclusion:

1. The reliability of the power serial device in the power supply architecture has
a great influence on the system reliability.
R,R;R, =99.99880219497/67%

2. The reliability of 2N system is very high, and the 2N system should be
recommended. 14
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Topic 3: What is the relationship
between reliability and availability of
uninterruptible power system in data

center?
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Topic 3: What is the relationship between reliability and availability of
uninterruptible power system in data center?

MIL-HDBK-338B - MILITARY HANDBOOK, ELECTRONIC RELIABILITY DESIGN HANDBOOK

0 RELIABILITY: (1) The duration or probability of failure-free
performance under stated conditions. (2) The probability that
an item can perform its intended function for a specified
interval under stated conditions. (For non-redundant items this
is equivalent to definition (1). For redundant items this is
equivalent to definition of mission reliability.)

0 AVAILABILITY: A measure of the degree to which an item is in
an operable and committable state at the start of a mission
when the mission is called for at an unknown (random) time.
(Item state at start of a mission includes the combined effects
of the readiness-related system R & M parameters, but
excludes mission time.)

16
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Topic 3: What is the relationship between reliability and availability of
uninterruptible power system in data center?

Two types of reliability system analysis model

t=0 normal fault
Non repairable system kXX XXXXX
X
t=0 normal fault normal fault
Repairable system w
X1 Yi X2 Y2

Reliability : both system model; Availability : repairable system only ;

v" The uninterrupted power system of data center is a typical repairable system;

v Reliability is used to describe the probability that the data center power
system can perform its intended function;

v" Availability is used to describe the time ratio of the power system under
normal operation during the long time operation of the data center;

17
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Topic 3: What is the relationship between reliability and availability of
uninterruptible power system in data center?

Calculation model R(t) =exp(—A-t) MTBF:%

R(t) =exp(— ) A= MTBF
MTBF MTBF + MTTR
Affected by A or MTBF Affected by MTBF and MTTR

18
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Topic 3: What is the relationship between reliability and availability of
uninterruptible power system in data center?

Reliability - Series parallel calculation model

input ____, R,

A 4

R2 __________ > R — OUtpUt

R(t) =R, (1)-R,(0)L R, ()

> Rl T
input o R, > output  R(t) =1-(1-R,(1))-1-R,(t))L 1R, (1))
= l—ﬁ 1-R. (1))
> Rn — -

19
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Topic 3: What is the relationship between reliability and availability of
uninterruptible power system in data center?

Availability - Series parallel calculation model

v" The main mathematical tool for studying repairable systems is stochastic process
theory;

« Life distribution of components: 1-exp(-At)
* Time distribution of repair after failure: 1-exp(-ut)

series system o parallel systems with n’s identical
State transition graph

components
of P

At Markov process

nAAL (m—1)AAf AAL
HAT LAt AT
E={01---,n},W={0},F ={1,2,---,n} E={01--,n},W={12---,n-1},F ={n}
" MTTR 1 MTTR
A=(1 SN A=1-(1+2 ~( ) )"
( ~ MTBF, kz k! MTBF

20
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Topic 3: What is the relationship between reliability and availability of
uninterruptible power system in data center?

1
MTTR

+—
MTBF

1. Two system with same MTTR: The higher the MTBF of the system, the higher
availability;

2. Two system with same MTBF: The smaller the MTTR of the system, the higher
availability;

A=

An example
assume MTBF,=1,000,000h, MTTR,;=10h; MTBF,=100,000h, MTTR,=1h

1,000,000

A= 1000.000510 " 0.99999 R =0.999999  1=0.876%/ year
A - 100,000 _ ;99999 R, =0.99999 A =8.76%/ year
100,000 +1

3. The pursuit of Availability must be based on Reliability;

21
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Topic 3: What is the relationship between reliability and availability of
uninterruptible power system in data center?

Two completely different concepts of uninterrupted power
system for data center

v Uninterrupted power supply protection = Pursuing reliability
In any case, the power failure is not allowed, must ensure that
the load power supply is safe.

v Continuous power supply = Pursuing availability
The system can continuously provide power for the load, and
pay attention to the average time ratio of normal power

supply.

For the uninterrupted power supply system of data center, the availability of the system
must be based on high reliability.

22
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Topic 3: What is the relationship between reliability and availability of
uninterruptible power system in data center?

Conclusion:
Item Reliability Availability
Non repairable .
system Repairable Repairable
. . MTBF (A: failure rate)
influence factor MTBF (A: failure rate) MTTR
Calculation formula R(t) = exp(——) ___ MTBF
MTBF MTBF + MTTR
Series: Series:
n MTTR
- _ A=(1+ L)
Serial & parallel R 1:1[ R, ( Z MTBF,
calculation model Parallel: ) Parallel:
n 1 MTTR
R=1-T]@-R A=1-(1 ( )*)”
[1e-R) kzl‘k' MTBF
Application : ,
situation Uninterrupted power supply Continuous power supply
v Reliability

for equipment /system design

v' Availability

For equipment/system use or operation and maintenance

23
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Summary

1.The application of UPS equipment can
improve the reliability of IT power supply ;

2.2N uninterrupted power system has high
reliability, and is the first choice for the data
center of high rank;

3.For the uninterrupted power system of data
center, the availability of the system must be
based on the high reliability.
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