Metrics & Cabling

Could you give a basic, clearexpla
nation of metrics as it applies o
datacom cabling?

[Hd you know MASA's first bazillion
dollar Mars Lunar Landing masdule
went crashing o the Mars surface
Wyt Because the coordinaies were
sent in mweters from satellives abroad
and here in the States they were

interpreted as feet. Subsequently, the
puidance system was given the
wrong data for its descent emtry,

Hey! IF scientists can get this
wrong, sa can cabling installers, es
timators, project managers ... and
even salespeople!

Metworking param
eters are defined by the 150
iIntermational Crganization
of Stardards) - in the (5]
Chpen System Interconneci
7-Lavers Model of Metwork
ing. It is also the reference
for the International IEEE
LA applications, In tumn,
both become the references
for establishing America’s
AMSUTIAELA telecommu
nbcations cabling standardy
For the Laver One physical
layer to support the higher
Layer Two amd Three
Layers,

Eat .B{tacom Questions?

ASK BO!

Bo Conrad knows the difference between theory and practice. He has been an integral
contributor for TIA/EIA international datacom standards committees and a VDV design
consultant for Intel and Hewlett-Packard. He will answer your questions here in future issues
of POWER OUTLET- e-mail questions to poweroutletirexelusa.com

By D.A “Bo" Conrad

Accordingly, these standards
become the “guidance system”
for cabling manufacturers and
contractors, Toensure compliance to
these national and international
stamndards everyone should have a
basic understanding of metrics,
Aadditionally, have you also taken in
consideration how many of your
customers are internationally based?

Spools of copper cable are com
monly manufactured and minimam
testing parameters are oxpressed
usually per 1,000 feei (o per bMii)
spaals or pull boxes, Fiber, on the
opther hand, is metric-based.
Therefore, ALWAYS verify that

filver fength Is given in fest or

meiers,

There's nothing worse than
estimating or even interpreting a
project’s specifications in feet and
getting quotes lrom the distributor

in meters . or vice versa, Here's a
simple rule of kemgth conversion:

A& meter s abbreviated with the
small case *m” as large case “M°
mezans, in the LS., TO00 feet, T m
3,281 feel or 39,4 inches {or ore yard
plus approximately 1005), Thus, a
rule ol thumb s you reduce by 1055
in the calculations from vards to
meeters: ol vards = 45.7 m.

Just like the British Open,
streteh a bit exctra in your ball place
et on Ehee goll cowrse, and instead
of yvards you'll be estimating in
meters!

Mow move the decimal over
whencakulating meters in multiples
of ten: 1m = 3,281 feet, 100m = 32,51
feet, 100 m = 328.1 feet (the maxi
mum Channel hormntal bergebd

As you may know, 10K m is
expressed as 1 km {one kilometer)
and equals 3,281 feet. [ you arefwere
inmilitary, 1 km also is
known as one “click” {or,
as correct Iy written, one
“klick™}

“Kile”™ means a
“thousand,” "Mega”
means a “million”
like the lottery's
“Megabucks.” The IEEE
Erhernet 82,3 standard
defines the I BaseTX
as Lhe data rate speed ar
100 “Megabits" | . . one
million bsits per second,

[he “Basic” or *Per
manent Link” in the
horenmntal is 50 m os 225

o
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feet {90 x 3281 = 295.29). The re
verse is rue. Your project manager
was quoted a price for liber from an
internat ional source for $5.47 . How
muchl Per foot? Probably meant per
meter: Divide $8.47 by 3,281 for
52,58 per feet,

When calculating a project's
usable work area space, Uhe standard
is T fewt by 10 feet per workstation
equaling 100 square Feet - or HLTE
sqquare meters (12851 x 32,81
TG Meres Here inthe States, we
commonly drop the lipures off the
right of the decimal,

Besides having more interna
tional applications to standards, it
is easier W use metrics o express
liber's measurements. See Table Cne
[or the mast commaon Metric Appli
caticns Table for fiber,

“Millimeters™ or “mm" deline
liber cable O, foutside diameter or
thickness), “Milli" means 1/ 10MER
ol a meter, The most common jack
eted simplex and duplex “zip” patch
cordage sizes are 2.8 to 3 mm. Mote
that 25 mm is about one inch.
(Remember the old Virginia Slims
ciparette commeercial =, o millime
terlonger” .. . heck, that's only absui
a 173 2nd of an inch extral)

*Micrometers”™ - expressed as
*Microns” or *pm” - define fiber
cable's buffering, coating and plass
LD size. “Microns”™ means 17
I .00 Kb of a meter. Tight buller
size is SO0 pm covering the 245- 250
pm acreylate coating over the raw
glass. Loose-tube bulfer/coating is
250 pm amd a Furcation or a
breakout kits spaghetti tubes builds
thee 250 pum Lo S04 g,

To accommodale a connector,
another short 3 mm 0,0, 25 mm (one
inch) spaghetti tube is required un
less it bs budlt into the strain relief,
hMultimode fiber core’cladding simes
are commonly G2.5 pm 125 pmand
S0 pm'1 25 pom, whereas single-maode
is 8.3 125 pm.

How small is a micron? The av
erage human hair is 8090 pm Chick.

"“Manometers” or “nm” deline
the fiber optic wavelengths. “Nano”
meares LI G b ol 8 meter,
Applicable wavelengths for multi
made (ther are 850 nm and 1,3H]
nme: 13010 e and 1,550 nm for
singhe-mode,

See Fipure One for Tber
comstruction,

Maximum pulling tension for

ot door haose tube cable s commonky
GO IRT or 2,666 mewlons/meter, &
spool of cable weighs 50 pounds or
22 kilograms. See Table Two to
assist yvou in the mathematics of
et rie corversion.,

Decibals & Attenuation

Please help me understand the
significance of decibels {dB) when

testing for atienuation?

A ttenuation is delined as “sizral loss”
or “loss of signal sirength.” We
measure the loss of amplitude
theight] of a sine wave as it propa
gales down the cable, ']]1Ir|]E; of a
calm swimming pool. Suddenly,

With a bechelor's degres In
anglnesing and an MBA,
Bo Conrad has held corporate
execuilve positiors Trom
intemational markeling and
menulaciuring o corporate
digtrilbubor sales and ireéning.
Ha holds o certilicate
wilth BICS s & cerlified
frmmer. His company.
CiossBow Communication
{www. crossbowsam. com|
of Framonl, Talil, s lesnsed
by BICS 1o sondust the
Profesaslonal Celbds lnalnlles
Progoam. Cusiomers snd
sludents inchude ihe VOV
divigions of ale=cirical
eonlrpciore, datacaim
Inslaflers and the Whae's Who

companies of Silicon Valley

soumeons does g barcel roll into the
center and causes this big splashl
At the point of contact (the TX
or “transmit” side of the signall the
waves {or “sime waves”) are big and
tall or peaked like awitch's hat, As
the: waves move oul (" propagate’}
toward the sides of the pool (the BX
or “receive” side of the signal) they

become smaller {loss of amplibude)
with distance . . . like a derby hat.

What's happened? The waves
have been “attenuated.” They also
becoms: Matter - “dispersion!”

Our objective is to try and keep
that wawve tall and peaked through
ot the distance of the cable link
When the wave becomes too Mat and
spread out, the receiver may nod be
able to interpret the signal, See
Fipure Two.

This “loss of signal” is measured
in di or “decibels.” The term “deci
bel” (named in honor of Alexander
Graham Bell) literally means "a
raticol twogquantities.” e decibel

orw-tenth of a Bel. In fbser optics,
it reders to the difference between
two dBm or power levels of the TX
transmit to the RX received signal
Adtention (dB) = 10 Log 10 [PoutPin
is logarithmic and not linear,

Note: 1 you graph a logacitbmic
measurement along the X and Y
axis. itwould look like a bott e rocket
dying out in Might versus a linear
measurement that would be a
straight continuous shot, The nega
tive sign is added o give attenua
tion a positive value because of the
laws of physics! The output or BX
received power abways is lower than
the input or TX transmitted power
fowr passive components - a ashlighe
boam gets weaker with length,

Attenuation is bad - so the
ofrfective s fo have fow attenialion
values.

In fiber optics, we measure the
X trarsmit side or pewerin (Pin)
first in dBm {decibels per milliwsn
Power is measured in watts like @
light bulbl In fiber applications, the
power s very minimal (milliwatis,
microwatts, nanowatts), We then
measure the BX receive (Pouwt] side
The koss of amplitude or the signal
Inss is determined by comparing the
I'X dBm to the X dBm - and the
net result is measured in dB. The
Tormula is dBm = 10 0og 10 [P mW].

Wiy is adl this frnporiant?
Because you must understand the
relevamnce of decibels, In optical
tramsmission equations, O dB equals
ot millbwaite (40 dB = T, Thee 3
dB Bule states thai: For every
added 3 dB of attenuation you
loose 50°% of your power! (In
viersely, removing 3 dB will double
the power. )

Here's an analogy useful for
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datacom

Attenuation
(Loss of Signal Strength)

Measured in decibels (dB)

Increase in frequency or length increases attenuation
Attenuation is logarithmic = 10logmn (P out/P in)
Cabling (not connectors) is biggest culprit with copper
Connectors relative to cable are the biggest culprits with fiber

Figure Two o 1000 |LAOSSHOW

electricians: IFyou induced 3 dB onto
a 1watd [ibser lighted Christmas
tree by using avariable attenuator,
it would only be as bright as a 50
watter, Add another 3 d B (totaling G

dB) and it is only as bright as 25
walls: 9 dB represends 12.5 walts
arwd so forth, Thus, the maore attenu
atton {or dB}, the dimmer the light,
Conversely, IF vou started with
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S0 mW received signal, ard removed
3 dB, it would achieve a powerof 10,0
mW. See Figure Three.

Since cabling is the main cause
of attervuation with copper, manufar
turers bry boachieye low attemation
by a variety of methods - including
twists, comdductor sive, and jacketing
materials,

Fiber optic cabling glass has
significantly less attenuation than
copper - therefore you can go longer
distances with fiber, Both have fxed
values from the factory, per indus
try standards, Fiber losses are
caused by impurities inthe glass, in
cluding absorption, scattering, and
cladding modes. However, it is
claimed by the glass manufacturers
that a two mile length of fiber optic
glass has the same clarity of a 1/8th

thick windowpane!

Fiber attenuation can be
reduced even after the cabling has
been installed, but there's a cost. We
canuse a higher wavelength {not fie
gqueney] from 850 ome o 1,300 am,
pm mudtbmesde fiber, or a “brighter”
light source than an LED (such as a
VOSEL or laser].

o further reduce abtenuat on of
multimode cabling, the primary
choice would be to design 50 pm/125
pim glass instead of the common G2.5
P 125 pm See Table Thres,

Simce the continuing focus is
controlling the kass on the connecior
while reducing labor time, manufac
turers have a variety of solutions in
ther methods and procedures used o
terminate andfor polish conmectors.,

The installers job o aftern-
et Your objective as an installer
is to redurce attenuation through
proper installation and termination
techinbques as specified in the ANSIY

NAELA 5688 standards, This is
critical fo successfully supporting
Ethernet Gigret applications
given in the 150 Model of
Metworking and the IEEE
LAMN specifications:
§  using the correct Cat
epory-rated TP cable or
the correct multimode
glass sive:
#  adhering to minimum bend
radius amd pulling tensions;
@  using Yeloro™ straps in lieu
of cinched ty-raps — no stapfes
® staying away from heat
sourees (HYAC ducts); and
® adhering to maximum
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length distances for the cable type
{LITP va. Fiber).

When installing UTP connec
tars, the installer can reduce
attenuation by maintaining a
mpax i amoant of 13 mom (0.5
inch} of uniwisting the cable pairs
to ersure a maximum loss of 0.5 45
peer miated pair. Conversely, Tollow
ing the fiber optic manulaciurer’s in
siructions, the installer showld nm
exceed the standard of 0.75 dB per

connector and 130 B foe a splice.

Fiber optic cable atienuation is
Tixed and measured in dB per Kile
meter {dBkm) - or per 3,281 Feet, Tt
is also a direct function of a Nixed
wavelength: Multimode @& 850 nim
and 1,3 e and single-mode
w300 pa Al 1,550 nnm. These
atfennarion valves are divectly
propoetional to lengeh,

Thus, a Budger Loss for cable
canissily be cakeulan=l 3.5 373,281

= Power dB Power Ratio Voltage Rali To ask a question of
R | Fowr Outet
0 1.0000 1.000 datacom expert Bo
1 0.8000 Conrad, send your
3 0.5000 0.707 information in
. 02500 0.500 an e-mail to
: 1o poweroutlet@
Az il a1 rexelusa.com
0 S 2 Your questions will
30 0.001 0.032 5 »
e answer

40 0.0001 0.010
80 0.000001 0.001 in future issues,

& 3 0B induced & 8 50'% 088 in powes

Cat 5 Afsnustion = 67 dBM000 ==t

$I1:|:duﬁ:w1 Mm:::tﬁmm wilog? .

me e o 21 lti{lﬂ‘j Ii-m

fesst = x B VO szt x = DLOT by
8T, See Table Three, Transmission
and Performance Paramicters,

Mo cowmpare these Dibeyr aiten
ation decibel specifications (e copper:
Category 5 UTP 24awg is 67dB per
10000 feet — versus oaltimesde Tiber
a 50 o ol 1.07 dM . This ex
trapolates oo loss of 99,9999 of
the signal for copper versus a 2005
lewss v Tiher!

Pesfiags vou can reay understand
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Table One

the reasoning behind the ANSLTIAS
ElA SGEHE standard for the BHasle or Matrie Unit Metric Lenglh | Approximate U5 Equivalent | Application
Permanent Link of $ meters (295
rl'_"l'_'l:l and f!hF!]'LI'I:I:'j of 100 meeiers ‘_:]EE fleiric |:|T|:| 10m 48 4 Inchos I--'Iﬂ'l {j.ﬁﬂ'l':l
feet) - there's ton much attenuation
with increasing copper cable length.
Agaln, boss Is linear and directly pro Milimeter (mim) | 001m O8I docied 0
!:u rtlonal to length. he |:r.|-1|.| £r
oss is calculated to 21,448 @ Micrometar [um} 000001m 00003 Inches ComedCladding! Buffer 0.0,
G0 m and 24.1d8 @ 10 m - or
approximately 991 % of the signal
is lost using LITP. At these Manomeber (nm) CO0OD0I01Tm O00MG0384 Inches Wavelenpth
same Basle Permament/Channel
distamoes. Mber wowld refaln 97% of Angstram (&) | 0000000004 m | DHEO0000394 Inches Wanvalength
thie signal,
Cionmbslme thibks lower loss/longer
distance advamage with highes band :
widih, and}mcaﬁﬁ'mliumﬂim bring- Transmission & Performance Parameters
ing multimode Fiber-to-the Desk
(F 1T, I fact, wp to 2,000 meters Dpticai Fiber Maimum Alenustion | MM informasion
for 100Basel X and 220 meters to 550 Catis Type Siuth po) (B} Tesmpenteaton Capoity
meters for Gignet HHHIBaseSX 1 - IJ_ .
applications (depending on the core A 15 [ 500
size and light spurced, W SIS : !
1300 15 | 800
B0 A5 I B0
] a2 8124 |
Do you have questions? v = | 5
" Please g-mail them to |
- my attention, care of Shglarmade i o . ot
powaroutlet@rexelusa.com Cabls 1550 18 | A
? Serrdmriate a0 ah | Hh,
Ittt {
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- - = Emeters 00703 |imches m
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