\\\\\\\\\\\\\\

Optimized test regimes and workflows for the
certification and troubleshooting of an cabling
infrastructure found in today’s data centres

o Maximize ...
- Optimize ...
Protect s Christian Schillab
EMEA Marketing Engineer / FlukeNetworks
G d ES Christian.Schillab@FlukeNetworks.com
@ 2 e i
Bicsi
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" What makes testing in the data centre different
from testing cabling in the commercial building ?

= Adapted fiber test regimes for the data centre
* Adapter copper test regimes for the data centre

3 N o

Bics/
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Data Centre vs. Commercial Building Cabling Infrastructure

Differences Affect Test Regimes

Testing time
Larger number of links Consolidation
Labeling / ID Mgmt.

Bicsi
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800+ Installers VOCs:
Top eight problems (hours wasted)

WRONG COPPER LIMIT 4.3 NEGATIVE LOSS 2.8
INCORRECT CABLE IDS l TROUBLESHOOT COPPER ]2.7

| CONSOLIDATING RESULTS3_1_.1_! oy

SETTING UP COPPER TEST /2,01

EVALUATING OTDR TRACE |2.9

WRONG FIBERLIMIT  |2.8

Average amongst all respondents in the previous 30 days —

. Bicsi



Top eight problems:

Wrong Configuration (Limit, IDs, Standard,

WRONG COPPER LIMIT 4 3 NEGATIVE LOSS 2 i
INCORRECT CABLE IDS 3 2 TROUBLESHOOT COPPER |2 7

1\ CONSOLIDATING RESULTS m ot
SETTING UP COPPER TEST|2.98 ™

I EVALUATING OTDR TRACE 2

WRONG FIBER LIMIT

Average amongst all respondents in the previous 30 days —

. Bicsi
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Step 1: Project Definition

Create Monitor &
ProjXx ™ Document

ﬁ BASIC Tests EXT. no Doc. ~.no «

End faces

Tests Endf-.
all or all
Inspect e @ EXTENDED Tests Grade
& Clean

l:l m

Trouble Shoot

)

BICSI UK 2017 V1.0 (C) FlukeNetworks 6



Project Definition

= Limits, Cable Types, Cable ID are best known by the
planner/project-manager

= New relaxed ISO limits do not reflect what is possible and/or
needed to be future ready =2

BICSI UK 2017 V1.0 (C) FlukeNetworks 7/



ID Lists .... Sources

NETDOC®

CABLE MANKGEMENT SOFTWARE
L

\ AutoCAD

BICSI UK 2017 V1.0 (C) FlukeNetworks 8



Data Centre vs. Commercial Building Cabling Infrastructure

Differences affecting test regimes

Testing time
Larger number of links Consolidation
Labeling / ID Mgmt.

Larger share of fiber
VS. copper

- . Germany 61M$

- . UK 58MS: . France 25M$
‘ 34%

53% Value Value Value
57%
.\ ' ~
\\ e
\\~\ e e -
Source: BSRIA 2015 ® Cu Cable ® Cu Connectivity
W Fibre Cable Fibre Connectivity ICS

BICSI UK 2017 V1.0 (C) FlukeNetworks 9



Data Centre vs. Commercial Building Cabling Infrastructure

Differences affecting test regimes

Testing time
Larger number of links Consolidation
Labeling / ID Mgmt.

Larger share of fiber
VS. copper

“Zoned” Data Centers

Little room for
measurement error

Low channel loss budgets

Low loss connectors

- 8

Bicsi
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Testing —

“Zoned” Data Centers

= After the installation only the links can be tested

= The “Patched Channel” is configured by the network user during the operational
phase

Total Budget: 2.6dB or
1.5dB (0Mm4...150m) / 1.9dB (0M3...100)

Budget #1 Budget #2 Budget #3

oo W <P s—cfi] Wle =

O I] E EQ P —
-
There is very little room for error ! o CSI

BICSI UK 2017 V1.0 (C) FlukeNetworks 11



Step 2: Inspect & Clean Fibers

Create
ProjXx ™

ﬁ BASIC Tests EXT. no

Tests
Inspect e @
& Clean

y SC

all or

EXTENDED Tests

Trouble Shoot

. ...Optional / Conditional Testing

BICSI UK 2017 V1.0 (C) FlukeNetworks

Monitor &
Document

Doc. ~.no
Endf.

all

Grade
End faces

0
V —
 —
 —

12



Dirt will transfer

o A o A

FiberInspector Connected Connected FiberInspector Connected

ANALYZE ) ANALYZE ) ANALYZE

Conclusion: Clean measurement cord after every mating
@ o
BICSi
8
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= Prevent dirt from causing poor/incorrect Test
Results

= Prevent dirt from spreading

" Prevent abrasive dust on test cords damaging
ports

= Prevent abrasive dust on ports from damaging
valuable test cords

> am—

) Bicsi
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Step 3: BASIC Tests

TA Tier 1 Tier 2

; BASIC EXTENDED
Monitor &
ProjXx ™ Document

ﬁ BASIC Tests EXT. no Doc. no V

Tests Endf.
Inspect e @
& Clean

y SC

°®
BICSI
- ...Optional /-Conditional Testing

BICSI UK 2017 V1.0 (C) FlukeNetworks 15

all or all

Grade
EXTENDED Tests End faces

Trouble Shoot




Being certain of loss uncertainty

Power Meter Light Source
Performance Performance
Q
D
C
©
—
o=
[ o=
20
(Vy)
Encircled Flux
and
1-Jumper Reference Test Reference
Cords
- 8
.!

. 2 {[LY]

BICSI UK 2017 V1.0 (C) FlukeNetworks 16



Set Reference &
TRC verification

A wizard guides through
the correct process ‘

TRC verification stored as
part of project

A TRC verification test
should be run with regular
intervals

BICSI UK 2017 V1.0 (C) FlukeNfptwor

/
VERSIV

10/07/2015 7:32:24 am
PROJECT

Results 10/07/2015 - 10/07/2015

ov >

Test Setup NEW TEST

CertiFiber Pro - Quad

Smart Remote
0M3 Multlmode 50 >

NEW ID SET

X
a

CHANGE PROJECT TRANSFER MANAGE

LA



Why was the EF STANDARD NEEDED ?

Mandrel

LC || LC

= Different light sources may have different launch
conditions

= A EF compliant source reduces the error from 50% to 10%

BICSI UK 2017 V1.0 (C) FlukeNetworks 18



Encircled Flux

Why ?

How ?

Normative Requirement

ANSI/TIA-526-14-B

ISO 1180 —> ISO/IEC 14763-3 Ed.1 62

EN 50173 = IEC IEC 61280-4-2

BICSI UK 2017 V1.0

(C) FlukeNetworks

19



If BASIC Tests

Step 3B: Trouble Shoot

ﬁ BASIC Tests EXT. no Doc. ~.no «

Tests Endf-.
Inspect e @
& Clean

y SC

all or all

Grade
EXTENDED Tests End faces

Trouble Shoot

. ...Optional / Conditional Testing

BICSI UK 2017 V1.0 (C) FlukeNetworks 20



800+ Installers VOCs:
Top eight problems (hours wasted)

E‘ WRONG COPPER LIMIT '4.3]-‘ NEGATIVE LOSS

I‘ WRONG FIBER LIMIT Q]:

BICSI UK 2017 V1.0 (C) FlukeNetworks 21



OTDRs are not only

for “Gurus”
= Event Maps simplify
the presentation
= Qverall (Link) limits
complement
component limits

= Launch & Tail fibers
are automatically
excluded

BICSI UK 2017 V1.0

(C) FlukeNefworkd

= 1 N 2015-10-06 08:49:18
€D vsM-003-A PASS

TRACE
«/ Fiber Length: 51.35m
«/ Overall Loss: 0.77 dB

Tail
at51.35m

106.85 m

. 2 = Fiber Type: OM3 Multimode 50
- Test Limit: ISO/IEC 14763-3:2014



Step 4: Extended Test

Create Monitor &
ProjXx ™ Document

ﬁ BASIC Tests EXT. no Doc no

T
|||| p

Tests Endf-.
all or all
Inspect e @ Grade
& C?ean ERIER e End faces
1 M
Trouble Shoot

S

® o°
-...Optional / Conditional Testing B’ CSI
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Why EXTENDED Testing ?

= |dentify, locate and eliminate unnecessary
bottlenecks in otherwise compliant links =

— Further increase performance margin @ Refiociance ik set FAIL
. . . EventMap ABLE TRACE
= |dentify connectors with excessive ) +/ Fiber Length: 51.63m

i Overall Loss: 0.94 dB

reflectance T
= Document the state of the installation

= Bi-Directional testing and
averaging is essential

107.20 m

B Fiber Type: OM3 Multimode 50
. 1 - Test Limit: *ANSI/TIA-568-C RL -35 dB*

8

. Bicsi
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Testing with a SMART Loop

= >9out of 10 OTDR tests are
performed incorrectly. The list of
reasons is long

— No Bi-Directional test and/or
averaging

— No tail fiber 2 2014-03-12 01:52:45

— Incorrect handling of launch and €3  SAVE RESULTS
tail fiber

— Adaption with hybrid cords
— etc.
= A SMART Loop concepts forces

the user to perform the test
correctly

= Multiple remote loops support
operation by 1 technician

BICSI UK 2017 V1.0 (C) FlukeNetworks i



ACCELERATED EXTENDED Testing

with a SMART Loop

Launch Fiber
Phase #1:

@ End 2
ELE A Fiber A e g
Fiber B
@ il i
Tail Fiber

]
Phase #2: I Q
CcrIEE (IE | BT
Fiber A n
- L Fiber B
I 1 . mrm:[]ﬂ[ﬁ H e @ """"" :l]l[g ol IR
senc | . L

Launch Fiber

.mm:]:[]ﬂ}]]jm::

= A built in experts verifies the integrity of the test setup

* The testing time reduced by > 50%

Bicsi
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Internal Bi-Directional Averaging

F 04/27/2016 1:29:11 pm

Q jﬁ €D slide301a PASS
v

Fiber B

O

TRACE

« Fiber Length: 51.18 m
i Overall Loss: 0.10 dB

@ X 104.08 m
6 j? n at '-.Sr:l.alll.:t m

« Loss: -0.20 dB

Bi-directional 103.58 m

Average

. 2 Fiber Type: OM4 Multimode 50
Test Limit: *FNET MM*

BICSI UK 2017 V1.0 (C) FlukeNetworks 27



Step 5: Fiber End Face Grading

& Documentation

Create Monitor &
ProjXx ™ Document

ﬁ BASIC Tests EXT. no Doc. ~.no V

Tests Endf-.
Inspect 8 @
& Clean

y SC

all or all

Grade
EXTENDED Tests End faces

Trouble Shoot

- ...Optional / Conditional Testing

BICSI UK 2017 V1.0 (C) FlukeNetworks 28



Grade & Document

=  Without inspection equipment, you will never |[&=
know if the connector is clean or not ' 3¢ ] FAIL

Connected

= Even with inspection equipment, there P ernspector
are arguments as to what is acceptable A
for a fiber connector

= |EC 61300-3-35 defines levels of
acceptable scratches and debris on the
end faces of fiber connectors

= Automated field inspection is
something to consider

= |mages can be stored and made part of the
documentation

SCALE OFF

8

Bicsi
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Fiber Testing Best Practices

Create
ProjXx ™

Inspect
& Clean 2B

BASIC Tests

o

REFERENZ SETZEN

iber Type:
Q3 Multimoge 50

Test Limit:
ISO/IEC 14763-3

34:39 am
FAIL

' TABLE TRACE
2 Fiber Length: 50,55 m « Fiber l.engﬂllg 34461t
Overall Loss: 0,32 dB X overall Loss: EXEED)

10437 m
Fiber Type: OM3 Mutimade 50

Tosk L SO 1813
@

Fiber Type: OM3 Mutmose 50
& Test Limit: AN TIAS55.C
LM MextID: TRAININGGO2

— Trouble Shoot — —

BICSI UK 2017 V1.0

EXT. no
Tests

all or

—— — EXTENDED Tests

2012-04-06 14:55:41
PASS
TRACE

2 Fiber Length: 50,55 m

Overall Loss: 0,33 d8
LOSS REFLECT TYPE

WA 1530 End

5055m 023 5161 Launch

.
1
044 5497  Tail Y4

NA 4241 OTDRPor

10339 m

@ .a

C
51,5)8 d8jkm = 5,5

[ ] ;q,mmg; @ ssonm (@)

Monitor &
Document

Doc. no
Endf.

all

Grade
End faces

Fitves Enapector

...Optional / Conditional Testing

(C) FlukeNetworks

30



Data Centre vs. Commercial Building Cabling Infrastructure

Differences affecting test regimes

Larger number of links TeSt'ng.t'm.e
Consolidation

Labeling
Larger share of fiber vs. copper

“Zoned” Data Centers
Low channel loss budgets

Copper testing in the Data Centre

10GBASE-T / Cat.6, dominant .
. An Extended Test Regime
Shielded systems

is beneficial

Little room for
measurement error

Future Cat.8 systems

Bicsi
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Step 1A: Basic (Minimum) Test Regime

Cre.ate BASIC Tests Monitor &
ProjX ™ Document
¢ Trouble Shoot 5

0000
gl 11

EXTENDED Tests

EXT. no
Tests

yes

- ...Optional / Conditional Testing T “o°
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Test Interfaces & Reference Planes

Application

s~ |

- ' [ | ] 'I '.‘L.‘I )
00 \ AFEE7.
\::&*‘é_\v/—_///

[
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What Limits The Bandwidth more

... Connectors or Cable ?

CHANNEL

Example: 30m Link

= Insertion Loss (IL)

100MHz 500Mhz

= Near End Cross Talk (NEXT) ‘J .,

«An.inch at'either end affects results noticeable

Blcs
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What makes a Cat.5e, -.6, -.6A, .-8.1 Connector work

NEXT: 37dB ...14mV

ﬂ Cat.6, Cat.6A, Cat.8.1 ...“Mated NEXT”
>54dB ... < 1.9mV

Note: Above is shown for the most critical pair 3,6/4,5 at 100MHz
X . 8

Bicsi
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Comparin

For the permanent link test configurations. the length of the cable between the modular connector
and the plug maling with the link under test should be 45 mm (1.77 in) maximi 1. The instrum

connactor shouid bo a type that mates diractly with tho high quality measuremant port of the fiald
tester as shown in figure 15 Some methods used by field testers {1 permanent fink
measurements rely on special calibration factors that are associated to a (nanufacturer's fink
adapter {path cord). The permanent link compensation can be rendered]invalid if the link
adapter is physically modified or a test is run without valid calioration factors. Contact the field
tester manufacturer for any special precautons.

Instrument apply gooxy  Modular

cannector tes! header connector a \coﬂrcﬁaf
~)
eader 5
t

—

mating connecter test h

e (1.7 i) of loss
igure 15 - Special patch cord for permanent link test compalison

JZ s
LS

g

SNIOMI

P00V 1d-XST

H3LVaV

36
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Permanent Link Adapter with a “CENTERED” Test Plug

for the ,Heavy Duty Field Use“

e Consumable

= -

B Jupiter é
\

- =

Test Plug Test Plug

Test Plug

Adapter Interface - ;
(proprietary) Centered Plug” — <
DICS]/

BICSI UK 2017 V1.0 (C) FlukeNetworks 37



Step 1B: Extended Test Regime

Cre.ate BASIC Tests Monitor &
ProjX ™ Document
¢ Trouble Shoot 5

0000
gl 11

EXTENDED Tests

EXT. no
Tests

yes

- ...Optional / Conditional Testing ./\.n
Bics/
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Why EXTENDED Testing ?

Copper Certification to ISO/IEC 11801
Reference Conformance Installation Conformance
Testing Testing
Wire Map v v
Length v
Propagation Delay v v
Delay Skew v v
DC Loop Resistance v v
DC Resistance Unbalance v
Insertion Loss v v
NEXT, PS NEXT v v
Return Loss v v
ACR-N, PS ACR-N v v
ACR-F, PS ACR-F v v
TCL, ELTCTL v
PS ANEXT, PS AACR-F " v v

1) Class Ea only

DICS]
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Why EXTENDED Testing ?

Copper Certification

ADVAMCING GLOBAL COMNUNICATIONS ANSI/TIA-568-C.2 ANSI/TIA-1152
(Cabling System) (Minimum Field Test)

Wire Map
Length

Propagation Delay

SENENER

Delay Skew
DC Loop Resistance

DC Resistance Unbalance

Insertion Loss
NEXT, PS NEXT
Return Loss
ACR-F, PS ACR-F
TGL, ELTETL

PS ANEXT, PS AACR-F "
1) Category 6A only

Y ESENEN

Y BN BRY EN BN BN

<

BICSi
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WHAT IF ...

TCL / ELTCTL is

not compliant

Bicsi
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TCL (Transverse Conversion Loss)

Transverse Conversion Loss is the ratio (in dB) of a
common-mode voltage measured on a wire pair relative
to a differential-mode voltage applied to the same end of
the pair. The TCL value shows you how well the
impedances of the pair’s conductors are balanced.

Differential
Signal Applied

Common Mode
Voltage Measured

Bicsi
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Mode Conversion — Real World Example

GOOD vs Drum of Cable

18km cable of identical type was installed
30% of the links don’t carry 1000BASE-T

Drum #1 L " @

S | Tests |
In| | Inzertion Lozs 2B2dB A Inz | Inzertion Lozs JBEAE A
M| | MEXT 8.4dB ME| | MEXT £.9 dE
e | PS5 HEXT a.2dB P5| | PS ME=T 75de
Al | ACR-M 181 dB ALl | ACH-MN 23.3de
Pq | PS5 ACR-M 18.0dB P5| | PS5 ACR-M 231de
Al | ACR-F 202 dB ATl | ACR-F 17.3dR
Py | PS5 ACR-F 2006 dB Ps| | PS5 ACR-F % 13.4dR
Rl | AL 070 FL| | RL 2=
Ld | TCL Let | TCL 5.7 dE
Pr | CMAL Prd | CMRL
[ Greph | TCL - (PL-L13) FLu'f'.E“ De| | COMEXT
I —s —= — % — ] . Rel | ELTCTL 21.9dB
f g Wil | Length 222 m
: : Prop. Delay 102 nz
B0 e oy e < o e { e DE|-3_'.-'5kE-'W 3 s
' . ; L 4 Fesistance 3.4 ohms
@40 ety 'Y NP PN L‘bﬂh» h I8 . - . e 1 e 9
\ R d iy % >

MHz
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WHAT IF ...

Even a legacy application like
TCL / ELTCTL is not 1000Base-T may not work on an
compliant otherwise compliant Cat.6/6A
system !

is not compliant

Resistive Unbalance : l‘ = ?
|

Shield Integrity is
not given "

BICSI UK 2017 V1.0 (C) FlukeNetworks 44



Resistance Unbalance

Difference in Resistance between wires in the pair

=80

Exa m p I e . €D Result not saved
1.87 O
v v
RESISTANCE
RESISTANCE UNBALANCE
VALUE VALUE LIMIT
1 1 Q Q Q
2 2 12 3.7 0.02 0.15
3.7 0.02 0.15
3.7 0.01 0.15
1.85 0

3.6 0.01 0.15

Resistance= 3.7 Q
Resistance Unbalance = 0.02 Q

21.0

Bicsi
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WHAT IF ...

Even a legacy application like
TCL / ELTCTL is not 1000Base-T may not work on an
compliant otherwise compliant Cat.6/6A
system !

Resistive Unbalance
is not compliant Poor contacts may further
degrade over time

not given

Shield Integrity is «TRAYT < '
7 e
IR |

BICSI UK 2017 V1.0 (C) FlukeNetworks 46




Shield Integrity

... Opinions

Opinion A: Opinion B:

1.) Experiments Requirements
prove it (both for 10GBASE-T

opinions) are not met if
the shield is
open (floating)

Even when the
shield is open at
the both ends

the requiremens 2.) The EMI gets
for 10GBASE-T -
significantly

are met worse

bl

BICSI UK 2017 V1.0 (C) FlukeNetworks
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Shield Integrity

Shield not connected

In The Past: Grounding Bar
Field testers could only verify that there is DC Continuity
DC Continuity is given by grounding and earth

Any open shields/ends could not be detected BiCSi
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Let’s test a UTP cable

between shielded patch panels...

- w A ¥ & T acwcm

- om A - ——— -

M oON ubs ow e [Hie

Only 1 tester will detect the lack of a shield

NOTE: In special applications it may be
essential to verify that the shield is open
on a defined end

Tester 3

BICSI UK 2017 V1.0 (C) FlukeNetworks 49



For this high end cable
the Alien Crosstalk is
below the testers
significance level

The same cable show a
> 20dB worse Alien
Crosstalk

A major portion of the
EMI (Electromagnetic
Immunity) was lost

BICSI UK 2017 V1.0

Example Alien Crosstalk:

Shield Open / Connected

SHIELD TERIVIINAT"E‘\E@‘*

rage Limit |

...............

.....

105
) S 0 200 b a0 500
MHz

SHIELD OPEN e
—— Pair36 —— Paird5 —— Pair78 —— Averag

@ 50

Il
0 100

Il Il Il
200 300 400

MHz

(C) FlukeNetworks
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WHAT IF ...

Even a legacy application like
TCL / ELTCTL is not 1000Base-T may not work on an
compliant otherwise compliant Cat.6/6A
system !

Resistive Unbalance
is not compliant Poor contacts may further
degrade over time

10 or 20 dB of electromagnetic
Shield Integrity is immunity (EMI) is lost.

not given Alien Crosstalk may become non-
compliant ”

& B F 4
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Standards Compliant Cat.8 Field Testing...

=

Sanuary 17, 2017 Test report numter 102821857CRT 04
Prject numtes HiEEFiEsT-an

= Standards defined requirements
for field testers
= Manufacturer endorsed Cat.8

IEST:

Performance tesling of telecommunication cabifing field testar Medsurement accuracy to Level 26, as
defined in ANSUTIA-1152-A, suitable for Categary & cabling test 19 &lso including optianag ressiance
parameters,

STANDARD USED:

ANSUTIA-T1152-A, Requiremants far Freld Test Instruments and Measurements for Balanced Twisted.Pair
Cabling, pubished November 2015

. rS SECTIONS sy
SECTIONS USED:
I I e e S e The testing was perormed in Accardance with the fallow; N3 sections of ANSITIA-568.C.2
*  Section 4.4: Field testar Measurement accuracy feguirements
P Lt .ﬂ_ .

*  Section 48 focoos-

FULNCREATS DU oo o
The project was a
number Cug0740

= Testing Cat.8 links is no more
complex the Cat.6,

02/01/2017 06:51:14 [l 58 ©
€D NEXT at Main

o
i fo si0 w00 b0 1 1600 [MHz)
20

NEXT: 34.1dB S o @
2 Margin: 3.2dB @ &/

REMOTE WORST VALUE = 3
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Step 6: Project Monitoring

& Documentation

Create Monitor &
ProjX ™ Document

ﬁ BASIC Tests EXT. no Doc. ~.no V

End faces

Tests Endf-.
all or all
Inspect 8 @ EXTENDED Tests Grade
& Clean

l:l m

Trouble Shoot

)

. ...Optional / Conditional Testing
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Monitoring &
Documenation

* Progress
* Results
 Unexpected

BICSI UK 2017 V1.0

(C) FlukeNetworks




@ Lrxware PC_
Cabile ID: RO1-CO1-D01B{M-B)
ST SIS . ionaam

Documentation e

C
Proj
¢ BASIC Tests fos 3 a,
y Endf. I
i % : LkWARE PC v
@ @ Cable ID: R01-CO1-001B(M-B) PASS
EXTENDED Tests

Test Summary:
I T Grade Dite  Tove 10DG0ED 06 TRFM 0= 1 601010 resf Bikscater Conflast T .
o Cltan Type €31 S as Zam
& Clean - E m nd faces

310 e
el

Document

no

OTDR Endl PASS

Trouble Shoo®

@ LvwarePe

Cable ID: LETH 03

- Test Summary: PASS
Date / Time: 0SME/2015 11:46:17 AM ‘Operator: WALTER Modei: D3X-5000
Headroom 8.3 dB (NEXT 12-38) ‘Bofware Version: V4.3 Buld & Main S/N: 2435001
LinkWare“PC Tect Limit: TIA Cat & Perm. Link [+All} Uimits Version: V4.3 Remote 3/N; 2437290
CABLE TIST MANAGIAMNT SOFTIART ‘Cable Type: Cat & UUTF NVP: 53.0% -
‘Calibration Date- 03142015
Cable ID: R01-C01-001B{M-B) } Test Summary: PASS
Foritongirp oAl il - R Comnt 221008 (1550 Lengh . Lim# 500 Farsm
rm -1“_ “_-(‘_ -— -_-_i;-ﬂnl o e b
Deiay Skew (ns), Lime 42 Fair12]
’ 1‘ MMW! 2 = =BT ™ Resistance (ohms), LmE 210 [Fair 78]
I NOT GRADE i Fesist. Unbal. (ohms), Limit0.20 [Fair 35] rmartion Lo 2E]

Fmint P Ul o], Lim
ELFTE

I Endface Image EndZ
GRADED -

Inzertion Lazs Margin {05) [Far4s] 67
Freguency (MHz} [Far4s] 2500
umi (d5) Fairds] 31 ) — |

Worst Case Margn Warst Case Value
MAIN ER
=

- -

W W e m o om CRE
e wanz

umit (d5)

PARE
Worst Far.

AT E AL G arecte (5]

Umt (@3) o sa3
WA AN R

Worst Far ECE R

ACA-N (48] 7r are

Freg. (MHz) a5 24

umi (d5) 536 540
o Far

P2 ACR-N (9B)

Freq. (MHz)

um (d8)

e

L™ P o
Progect PH.GRO SampieMerged ELLUKE Project TERACO COPFER Teraca Copper.far
=
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Lyt

CREATE ProjX™ FILE
_ fetehfrom LinkWare LIVE

Conclusio

= Qualified instruments and personnel paired
=l YT with an efficient work flow ensures ...

“Next Generation Readiness” by maximizing
o performance margins

22 : P : :
R ensures a profitable certification of fiber optic or
copper cabling systems

(C) FlukeNetworks 56



THANK YOU
FOR YOUR ATTENTION !

Questions?

Christian.Schillab@FlukeNetworks.com

> am—

Bicsi

BICSI UK 2017 V1.0 (C) FlukeNetworks 57



