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Executive Summary: The purpose of this document is to propose a novel 
UPS concept and subsequently secure funding to initiate the patenting 
process.  The new product is an Uninterruptible Power Supply (UPS 
hereafter) that could connect to ordinary or industrial AC power outlets at 
homes or commercial sites in order to provide clean and uninterrupted AC 
power to critical equipment at an exceptionally high reliability. It is also the 
purpose of this program to register "HEAD-UPS(c)" as a trademark for a 
"High Effective Availability Decentralized UPS". The primary features of 
this product are: 
 
 No single point of failure to achieve the highest reliability through  
independent redundancy of the battery DC buss and inverter modules 
 Remote installation of battery banks and chargers at the feeder service 
entry away from the site of critical equipment 
 Distributed inverter units with sleek design and safe, quiet operation 
suitable for office environment  
 Single unit failures are isolated locally unlike large systems which 
failure shutdown leads to the collapse of the entire facility power 
 
The expected cost of patenting process and registering a trade name is 
estimated at $40,000 which includes the engineering and attorney 
expenses. Backed by a patent, the product could be licensed to large UPS 
corporations for development. The trade name could also become a 
potential asset as some UPS manufacturers are bent on using "catchy" 
model names for their UPS systems. Alternatively, HEAD-UPS(c) can be 
developed in-house given adequate resources and funding.  
 
The market potential for HEAD-UPS(c) needs to be researched, but the 
past experience of the author indicates a potentially high demand in 
mission critical applications. A fully redundant solid-state UPS system such 
as HEAD-UPS(c) is currently nonexistent in the UPS market. Network 
switching centers, Data centers and medical facilities as well as 
Government sites and laboratories are all potential applications for HEAD-
UPS(c). 
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1.0 Introduction: The means for providing uninterruptible power source 
(UPS) to critical equipment have been around for many years. The most 
recent UPS systems utilize battery banks as the source for backup power. 
Nevertheless, the batteries are perhaps the weakest link in a product that 
prides itself on infallibility. To make the matters worse, battery failures 
often result in release of acid and fumes which could harm the surrounding 
environment making the UPS a potentially risky backup power for certain 
applications. It is with this background that a new concept is proposed 
whereby the batteries are removed from the main body of the UPS through 
decentralized distribution of UPS power. This novel topology does not only 
do away with troubling batteries, it would also provide the highest possible 
availability unmatched by existing redundant and non-redundant systems 
presently on the market. 
 
2.0 UPS and Batteries: The role of the UPS is to provide uninterrupted 
power at the AC buss where mission critical equipment are powered. 
Currently, the most advanced UPS systems are of  "on-line" topology 
shown in Figure 2.1. The batteries in a UPS are for storing energy and 
providing back-up power during utility power outages. Since the battery 
can store its energy in DC form and the utility source is AC, there is always 
the need for a controller and power converter between the battery and the 
utility source. In its simplest form, this controller is a battery 
charge/discharge converter. The remaining part of the UPS is an inverter 
that converts the battery voltage from DC to AC for use by the equipment.  
 
An ideal UPS never fails as it would pose the critical equipment to power 
outage (referred to as Critical buss Failure or CBF hereafter). The ideal 
UPS is a far-fetched concept because of the need for battery replacement 
and the random failures of UPS electrical or mechanical components. To 
minimize the impact of random components failures on CBF, it is 
customary to provide redundancy whereby parallel modules run 
concurrently so that a failure of one module would not result in the failure 
of the UPS power. Figure 2.2 shows a typical redundant system. 
Alternatively, some UPS manufacturers have implemented parallel 
redundancy in power and battery modules that can be easily replaced after 
failure. However, even redundant systems suffer from single point failures 
where the non-redundant component failures can still cause CBF. 
 
The batteries are perhaps the most troubling part of the UPS for the 
following reasons: 
 
2.1 Battery life is limited to a few hundred charge/discharge cycles and the 
batteries are often replaced after few years of service. The trend has been 
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to make the batteries hot-pluggable so that they could be replaced easily. 
Due to the size and weight of battery modules, such practices are still  a 
burden on the part of operators in mission critical environments. 
 
2.2 The Critical buss Failure or CBF can often be caused by batteries if a 
power outage occurs during the period that the battery is out of service. It 
is not uncommon for this scenario to take place making the battery a CBF  
liability on its own in a UPS system. 
 
2.3 A battery failure can lead to swelling or leak where hazardous fumes 
and material are released: creating an unsightly specter in a clean hospital 
floor or data center. In extreme cases, smoke and fire emergency can be 
precipitated. 
 
2.4 A typical UPS has a few minutes of backup battery power at full load. 
Most mission critical applications favor increasing the backup power to 
hours by adding stacks of external batteries. This costly approach has also 
an unsightly appearance. In addition, the weight of the batteries may reach 
to tons and exceed the mechanical strength of the floor installation.  
 
2.5 The built-in battery charger inside a UPS has often limited capacity. 
When additional external battery banks are added, the charge cycle for 
batteries extends to many hours and days. During the charge cycle the full 
backup capacity would not be available increasing the possibility of a CBF. 
 
2.6 The battery charger is often a significant source of conducted and 
radiated EMI. Customarily, the UPS users install the critical equipment in 
the vicinity of the UPS. This arrangement inadvertently contributes to noise 
interference to their critical equipment. 
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Figure 2.1 Typical on-line UPS configuration with double power 
conversion. 
 
 
3.0 High Effective Availability Decentralized UPS - HEAD-UPS(c): The 
UPS topology proposed here breaks the UPS in two main parts. The 
battery banks and their charge controller are installed at the service entry 
of the facility where critical equipment is located. The service rooms are 
usually some distance away from the clean environment of laboratories 
and data centers and can accommodate battery banks and cabling in 
larger space limits. Typically, it is assumed that the service voltage is 
converted to lower distribution voltage of 120/240V or equivalent values in 
international market. Alternatively, battery banks interface to three phase 
high voltage power if available. For the sake of simplicity in this document, 
the AC service voltage is assumed at 120/240V three wire and 60 Hz 
whereas the topology is equally applicable to other voltages and 50 Hz 
frequency. 
 
Medium to large data centers, hospitals and labs where power 
requirements exceed 10 kW can benefit from HEAD-UPS(c). The 
proposed configuration would include: 
 
 An uninterruptible power source through one or two DC-buss distributed 
throughout the floor 
 Large battery racks to accommodate hot-pluggable battery modules at 
the utility service entry of the building 
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 Battery banks divided into two independent sections to provide an 
optional full  DC buss redundancy throughout the floor 
 Local web interface and remote controllers for centralized access and 
status control 
 
In the ideal configuration, two DC-buss voltage (300V to 500V) are 
distributed on the floor in lieu of or alongside the usual 120/240V outlets. 
Each critical load is connected to the DC-buss through a local and small 
inverter box that converts the DC to AC. The local inverters are compact 
and low cost and can be paralleled for redundancy or to increase their 
power capacity. It is shown here that the availability of a UPS configuration 
with a redundant DC buss and a redundant inverter would far exceed that 
of any conventional and redundant UPS system currently on the market. 
 
3.1 Battery Banks and Charger: Figure 3.1 schematically shows the 
configuration for the battery charger and battery banks. The AC power is 
rectified and interfaced to the battery through a DC-DC converter within the 
charger. The battery units are stacked in series to gain a DC voltage from 
300V to 500V. Since a battery unit has a nominal voltage of 12 Volt, a 
bank of 30 battery units would make up a single battery bank at 360V. For 
technical reasons necessary in the inverter operation, a minimum of 35 
batteries are proposed to gain a nominal DC voltage of 420V. Due to 
weight limitation, all the 35 battery units could not be placed in one 
module. The number of batteries per module can vary depending on Amp-
hour rating of batteries. For the sake of discussion here, it is assumed 
each hot-pluggable battery module would comprise of five battery units. A 
complete battery rack would station a minimum of 7 modules. To extend 
the battery run-time and add redundancy, more battery modules could be 
added in multiples of 7. 
 
The AC service voltage to battery charger can be single phase 120-240V 
or three phase 208V, 240V, 460V, or 600V. The charger facilitates a 
relatively constant voltage at battery bank terminals through a buck-boost 
converter. The float voltage at DC buss can typically reach to 460V. 
Conversely, at deep discharge the buss voltage may drop to 330V. 
 
A local controller provides all the housekeeping controls for the batteries 
including charge/discharge control, diagnostics and communication 
through serial port, telephone remote access, web access and hardwire 
connection to the facility where the rest of the UPS system would be 
installed. The hard wire control buss would be distributed throughout the 
site floor to interface with each individual inverter units much the same as 
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the power DC-buss. Visual alarms, display and indicators are optionally 
available 
 
To maximize Availability, two identical systems of the Battery Banks and 
Charger of Figure 3.1 could run concurrently providing two independent 
420 Volts DC-buss distributed on the site floor.    
 
 
3.2 Inverter Units: The critical equipment such as computers, servers or 
laboratory instruments are typically located on a clean environment 
suitable for office staff working alongside. The "HEAD-UPS(c) design 
would ideally be suited to such environment as it is more sleek, lighter and 
more reliable than any other existing UPS system. Referring to Figure 3.2, 
a single inverter unit comprises of: 
 
 Two identical inverter modules each rated at 3 KVA power rating 
running in redundant parallel mode 
 A total load available of 6 KVA without redundancy or  3 KVA with 
redundancy of 1 
 Capability of paralleling multiple inverter modules to increase the 
capacity of the critical buss or redundancy 
 Each inverter module to run off  either of the two DC-buss distributed 
throughout the floor to provide redundancy in battery interface section 
 The critical buss to have the option for Bypass to ac line in the event of 
momentary overload, and inverter module service 
 All control, housekeeping and diagnostics to be performed locally and 
then shared through the hardwired control-buss 
 Remote telephone access, web access and local serial access 
available through the control interface 
 Visual alarms, display and indicators 
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4.0 Availability: In mission critical applications, where loss of power could 
translate into large financial losses, the most important feature for the UPS 
remains to be its Availability. The computing industry talks in terms of 
"Nines" of availability. This refers to the percentage of time in a year that a 
system is functional and available to do productive work. A system with 
four "Nines" is 99.99 percent available, meaning that downtime is 0.01% of 
one year or less than 53 minutes per year. Five "Nines" (99.999 percent 
available) equates to less than 5.3 minutes of downtime per year. Six 
"Nines" (99.9999 percent available) equates to just 32 seconds of 
downtime per year as obtained from the following equation:  
 
 Downtime (min/yr) = (1-Availability) * (365*24*60)   (4.1) 
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In a UPS, Availability translates into the following formula: 
 
 Availability = MTBF / (MTBF + MTTR)    (4.2) 
 
where  
 Mean-Time-Between-Failures : MTBF = 1 / Failure Rate  (4.3) 
 
or  
 Failure Rate = 1 / MTBF       (4.4) 
 
 
MTTR (Mean-Time-To-Repair) is the average expected time to restore a 
product from a failure. It represents the period that the product is out of 
service because of a failure and is measured from the time that the failure 
occurs until the time the product is restored to full operation. ** 
 
The reliability of the UPS as related to CBF is expressed as: 
 
 Reliability or R = 1- Pf       (4.5) 
 
where  
 Pf = Probability of Critical Bus Failure (CBF)   (4.6) 
 
In electronic systems, it is customary to assume an exponential 
characteristics for the reliability where the failure rate is assumed constant. 
This assumption is only valid after the infant mortality period has expired; a 
reasonable assumption during the normal life of a product. Therefore, 
equation 4.6 is expressed as: 
 
 Pf = 1 - exp(-t / MTBF)       (4.7) 
 
where "exp." denotes exponential and t is the time. 
 
It is also common to assume a Homogenous Poisson Process (HPP) for 
electronic products’ life expectancy calculations. This allows to calculate 
the probability of failure in proportion to the failure rate as shown in the 
following examples. 
 
To show how a redundant system is superior to a non-redundant system, 
their availability and the probability of annual CBF are calculated excluding 
the effect of bypass: 
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Case 1: Non redundant UPS with MTBF = 87600 hours (10 years) and 
MTTR = 24 hour 
 
 Availability = 87600 / 87624 x 100 = 99.97261 %  or 24 hours 
outage per year 
 
 Annual Probability of CBF = 100 x 24/87600 = 0.02739 % 
 
 
Case 2: A redundant UPS with redundancy of 1 and MTBF = 87600 hours 
and MTTR = 24 hour 
 
 The system MTBF = MTBF / 2 = 43800 hours 
 
The probability of outage would be the probability of two redundant 
systems failing at the same time: 
 
 Annual Probability of CBF = 100 x 24 / 43800 x 24 / 87600 = 
0.000015 %. 
 
 Availability = 100 % - 0.000015 % = 99.999985 % 
 
In other words, by adding a redundancy of 1, the availability increased 
from a meager 3 "Nines" to a respectable 6 "Nines". 
 
In reality, the MTTR can be higher than 24 hours, though some UPS 
companies attempt to increase the "Nines" by assuming a low MTTR. Even 
worse, the redundant systems are not always redundant in all the system 
components. That leaves a common critical path where a single 
component failure can still cause a CBF. In other words, the availability of 
some redundant UPS systems could be lower than case 2 above. 
 
In contrast, HEAD-UPS(c) topology provides independent redundancy in 
all sections of a UPS. Comparing against a leading redundant UPS system 
on the market, Figure 4.1 shows the approximate reliability block diagram 
of the two UPS systems ignoring the effect of bypass. The annual CBF 
rate is estimated as follows: 
 
Case 1: HEAD-UPS(c) 
 
 Probability of CBF = 100 x (24/43800 x 24/87600 + 24/8760 x 
24/17520) =  0.00039 % 
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 Availability = 100 - 0.0039 = 99.99960 % 
 
 
Case 2: Conventional Redundant UPS 
 
 Probability of CBF = 100 x (24/43800 x 24/87600 + 24/17520) =  
 0.137 % 
 
 Availability = 100 - 0.137 = 99.86299 % 
 
The superiority of HEAD-UPS(c) can clearly be seen from this simplified 
example showing an availability of 5 "Nines" in contrast to a meager two 
"Nines" for a conventional redundant system. Obviously, different values 
for  MTBF and MTTR can result in different numbers for availability. The 
goal in this example was to show the difference between the two systems 
with all other factors assumed equal. 
 
*  http://www.powerpulse.net/powerpulse/archive/aa_060401b1.stm 
**
 http://www.engr.sjsu.edu/cpham/SJSU/MSEEprojects/RASTutorial.ht
m 
 
 
 
5.0 Conclusion: The proposal in this document showed how the HEAD-
UPS(c) topology can overcome many disadvantages of batteries in a UPS 
system while simultaneously increasing system availability as compared to 
redundant UPS systems on the market. Benefits include: 
 
 Remote installation of battery banks away from data or communication 
centers 
 Full redundancy in the entire UPS system including wiring, chassis, and 
DC interface 
 Distributed backup power to isolate CBF at individual loads thus 
minimizing the damage even in the least likely dual inverter failure scenario 
 Sleek and small foot print design to blend in with the decor of data and 
communication equipment  
 Easy installation, service and maintenance compared to existing bulky 
high power UPS systems 
 Capability of gradual purchase investment to grow as needed 
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Figure 4.1 Availability comparison between 
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