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Power Distribution

Laminated Bus Bars Eliminate
Unmanageable Cabling in High Power Systems Cabinets

Richard J. Whistler, Eldre Corporation, Rochester, NY

istributing power takes

many forms in electron-

ic systems. Depending

on the industry, power
(or high current) can be considered
to be anything between 25 and
2,500A. Power distribution in this
case means moving high current
from the power supply to various
components located throughout the
enclosure: amplifiers, rectifiers,
backplanes with routers, servers,
ctec. Multlayer circuit  boards,
heavy-gauge wire and cable, or cop-

per bus bars are three of the more common methods used.
Now, laminated bus bars that consist of a multilayer cop-
per and diclectric insulator assembly offer significant

advantage over the other power distribution approaches.

Originally used to
interconnect devices in
high power modules,
laminated bus bars are
finding a home “inside
the box” by
interconnecting
subsystems within high
power systems cabinets.

"o describe fully how the lami-
nated bus bar technique works, we
have to look at the previous solu-
tions to power distribution.
Previously, most packaging engi-
neers might distribute high current
with one or more heavy copper bus
bars, usually with tapped holes for
connecting cables. The bars would
typically be about four to six inches
apart from cach other and be isolat-
ed from the cabinet by red glastic
(G-10 fiberglass reinforced plastic)
spacers. Or, the packaging engineer

might use another common sight: size 0000 cable. Those
arge unwicldy “snakes” could do the job, but not without
larg Idy “snal

a high degree of difficulty, because that mass of heavy cable

made routing and bending within an enclosure a difficult,

Flgure 2. Same application as Figure 1 with multilayer laminated bus bar.



it not impossible, task.

Large copper (or aluminum) bus
bars and cables have been used for
vears to distribute  power  within
industrial control and teleccommuni-
cation cabincts. They are big, rela-
tively cheap, and can carry high power
with casc. Just input power to one
end and pull off power ar the other
end. 1t stimple, reliable and vou can
gct them just about anywhere.

Uinal recently, power distribution
was not considered something that
packaging cngineers would manipu-
late n their specific designs. Rather,
the engineer would work around the
physical Iimitations these bus mon-
sters presented. That is, if they're hot
from excessive current, then move
more air within the cabinet to cool
them down. If che bars were not insu-
lated and thus dangcrous to touch,
then they located them awav from
cveryehing clse. Bus bars that deliv-
cred high power had to be located ourt
of the way for safety, and the packag-
ing engineers had to live with that,

Bar Connections

Beeause power bus bars remained
fixed and remote, cable had to be run
trom them to components. Now, the
luminated  bus  bar comes .
Originally developed in the 1960s,
laminated bus bars were used for
vears in carly computer svstems,
teleccommunications and  radar svs-
tems. A tvpical laminated bus bar
consisted of muluple lavers of tabri-
cated copper separated by very thin
dicleetric materials and laminated
together into a solid structure. The
designs would include inputs for cach
laver and mulople output poines
using a numbcer of different intercon-
nection methods, In carly designs,
the mmput and output conncctions
would usc solder tabs or wire wrap
technology. Connecting to wire wrap
posts was fairly casy; however, the
process of manufacturing bus bars
with many posts and keeping them
undamaged throughout gold plating
and handling added t total system
cost. Nonctheless, the physical size

and clecuical performance of lami-
nated bus bars were considered ben-
cficial and a rehable alternative to tap
strips, which were used as a central
meceting point for multple wire con-
nections. Because the laminated bus
bar was a solid assembly of copper
lavers and did not contain crimped,
screwed or soldered contaces (like
wires), thev provided lower resist-
ance, could use less copper than wire
and ran cooler. Lower volage drop,
low inductance and high distribured
capacitance were also desirable fea-
turcs in low voltage telecom and
computer svstems. The ability o
accommodate multiple currents and
voltages into a single  structure
brought abour greater puckaging den-
sity, which gave the designer more

freccdom of space. Figwres 1 and 2

demonstrate packaging cfficieney of

laminated bus bars.

More Power, Less Space

History shows that technological
innovations in clectronic cquipment
take place in micron and submicron
sized deviees: higher power in smaller
packages. Materials are now used that
allow companies to engineer products
that run hoteer, which subscquently
demands that more power be distrib-
uted  within the  system. "This
increased demand for power com-
bined with some creative manufactur-
ing and design coneepts have brought
the laminated bus bar to the forefront
as a power distribution solution.

T'he packaging engincer must
contend with EMI, airflow and venti-
lation, vibration, cnvironment and
cfficient use of space. Also, the pack-
aging cngincer must develop solu-
tions that can be casily assembled in
the factory or in the field, and must
be aceessible to service personnel.

In today’s modern 1GB [=based
motor drives and invereers, the lami-
nated bus bar is used widely, and
proven to provide the opumum
power path for minimizing stray
inductance, transient spikes and voli-
age overshoots!, Engineers continue

to develop applications thae feature

laminated bus bars that can handle
loads up to 1,OOOA and 5,000\ or
highcr. Some of these applications
also contain the added requirement
of being corona-free. a long cstab-
lished feature in the cleetrical motor
and transtormer industrics, but a new
addition for bus bars. Usc of laminat-
cd bus bars in traction drive systems
is bccoming morc common and is
moving the mdustry toward develop-
ment of partial discharge-resistant (P1))
bus bars for use in high power switch-
ing applications. While the interese for
PD product grows, so do applications
using laminated bus bars for de power

distribution in cabinet designs,

Multiple Supplies

Laminated bus bars continue to
handle complex power distribution
challenges, even as currents and volt-
ages incrcase. Designers, in coneert
with manufacturers, are finding new
ways to shape bus bars that maximize
available space and 1mprove airflow
of these high power svstems. Not
only is there greater diversity in lami-
natcd bus bar gecometry, they have
also beecome mounting platforms for
svstem components. For example,
the laminated bus bar shown in
Fignre 3 began as a conceptual aleer-
native to heavy cables. 'The cables
traversed throughout the enclosure
and created a visual as well as an
installation problem. "T'he final solu-
ton replaced the cables with a con-
tour hugging design.

Clever use of the rigidiy laminated
structure allowed the mounting of
four circuit breakers directdy onto the
structure and at locavons dircetly
opposite their respective power sup-
plics, Using a single input connection
for low voltage de power, the bus bar
feeds four independent power sup-
plics. "The output from cach power
supply produces three different vole-
ages. The U shaped bus bar was
designed to fic snugly around and
inside the door frame of an outdoor
NEMA-grade enclosure.

T'his design coneept called for the

bus bar structure to minimize wire



Flgure 3. U-shapea, 11-layer laminated bus bar
Includes connection cables, circuit breakers and
capacitors.

harness connections to each amplifier
or power supply by providing connec-
tion tabs directly opposite their
respective component. As the design
process progressed, the
customer/supplier design team deter-
mined that the four circuit breakers
could be relocated closer to their
respective power supplies, thereby
shortening the power runs and mak-
ing any necessary service more local-
ized. Older designs would have used
a central circuit breaker box or area
where they all met; moving the
power back and forth to the box
required additional cabling. Nota dif-
ficult procedure, but done at the cost
of clutter. Slowly but surely, the
cables passed cach other taking up
more and more air space as they
went. The concept of placing the cir-
cuit breakers at the point of use made
more sense when working on fault
detection, too. To compare this
change in strategy to everyday expe-
rience, no more trips to the basement

footlong, eight-layer, laminated bus bar with
clreult breakers, fuses and plug ouiputs (covers
removed for clarity).

to reset the breakers. They’re now
located at the point of use. Electrical
analysis of the entire system deter-
mined that the structure required the

addition of clectrolytic capacitors to
handle possible power surges. Again,
the rigid structure of the lamination
allowed two capacitors to mount
directly onto the bus bar.

Cabinet Power

Distribution

Figure 4 shows a good example of a
vertical bus bar assembly. T'he assem-
bly distributes low voltage dc power
and fits within an extremely tight
physical envelope. The design dis-
tributes four 48V power circuits, cach
through its own 50A circuit breaker,
to 30 cabinet outlets and power mod-
ules within a six-foot-tall enclosure.
Each of the 30 outlets is fused. The
power conductors are laminated
directly onto a FR-4 board that serves
as a structural frame. The structure is
reinforced by a sheet metal cover,
which mounts to the FR-4 board.

In operation, incoming power is
attached at the top of the bus bar
assembly via lugs onto heavy mount-
ing pads. The four circuits run down
the length of the bus bar assembly,
which mounts along the side of the
cabinet and distributes power to indi-
vidually fused outputs positioned at

typical rack mount locations. Once

Flgure 8. Compact design strategy for complete power distribution network. Note circuit breakers,

capacitors and plug ouipuis.



installed into the cabinet, the long
bus bar assembly allows for “plug and
play” device integration.

In designing long bus bars for low
voltage systems, it is important for
the design and manufacturing team
to provide sufficient cross sectional
copper area to accommodate the sys-
tem’s voltage drop requirements. A
good conservative design value is to
size the copper conductors for 400
circular mils per ampere. The circular
mil area is defined as the square of
the diameter of a round conductor,
measured in thousandths of an inch.
Copper conductors sized to this value
will have a temperature rise of 20°C
above ambient.

Power Distribution Bus

A complete power distribution
design in a more compact, centralized
design style is shown in Figure 5. The
bus bar assembly is one of a strategic
family, and the design includes input

filters, circuit breakers, capacitors and
standard output connection points.
Similar in value-added concept to the
long bus bar assembly discussed ear-
lier, this design approach locates all of
the circuit breakers in a single area for
casier troubleshooting and service.
The blue sections of the bus assem-
bly are the ground planes and all are
insulated using a special epoxy pow-
der coat, which provides a high
dielectric strength and conforms well
to irregular geometry. The power lay-
ers that feed the individual circuit
breaker inputs as well as the power
output bus bars are laminated using
thin film insulation. The thin film
insulation high  dielectric
strength, is die cut to shape, and is
excellent for production laminating.
For added safety, a molded Lexan
cover protects the circuit breakers
from unwanted contact.

During the custom design process

has

of these laminated bus bar assem-

blies, designers for both the manufac-
turer and customer spent additional
design time to assure that the com-
pleted assemblies would meet the
requirements of UL, CSA and other
industry specifications.

The beauty of this value-added
system approach to power distribu-
tion lies in the simplicity of use from
the customer point of view. Installed
directly into the cabinet, the manu-
facturer or assembly house merely
plugs the appropriate components
into the bus bar assembly, thus elimi-
nating wiring errors and improving
the overall system performance.
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Laminated Bus Bars from :
Eldre Corporation.

Providing you with a
Plug-and-Play solution.

e Lower cost
No wiring errors
Reduced assembly tfime
Optimum use of space
Superior electrical performance
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