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PORTABLE WELDING-TYPE APPARATUS WITH INTERCHANGEABLE
ENERGY STORAGE DEVICE .

ABSTRACT . ' .

The present invention 1S directed to a portable welding-type pbwer source
including a removable energy storage device confi gured to provide a first voltage output
and a boost circuit connected to the enetgy storage device and configured to boost the
first voltage output to a second vbltage-output to supply ﬁower to the Welding-type power

source according to a selected welding-type process. -
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PORTABLE WELDING-TYPE APPARATUS WITH INTERCHANGEABLE
ENERGY STORAGE DEVICE

BACKGROUND OF THE INVENTION

The present invention relates generally_ to welding systems and, more particularly,
to a welding-type apparatus desi gned for portability. The welding-type apparatus
includes an interchangeable energy storage devic’e to generate a power output for a

selectable welding-type process.

Power driven tools make up a large percentage of consumer and commercial
tools. Traditional power driven tools receive driving power from corded attachmerit to a
power receptacle. However.,- it 1s geheralzly known that cordless tools that are not
restricted by cords or cables for operation- are prefer-red As such, power tools driven by
an energy storage device, typlcally a battery, have become an industry mainstay. Such
battery driven power tools, or cordless ‘power tools, allow for the use of the power tool

where and when transmission orenglne drlven power 1s un.avall.able or 1mpractlcal.

However, while cordless 'poWer ‘tools are pervasive in the ni-arket, there are
specific areas of the tool market tha_t_;-gh‘ave yet to sueceSSﬁllly adapt the tool to be driven
by an energy storage device. Often, while cordless power tools are preferred, the
cordless version of the traditional potrtrer tool usually includes a performance_drop. For
example, cordless power tools often _ep.erate at a lower power than the traditional
' counterpart. Furthermore, cordless éower tools require frequent recharging that rrlay
Interfere with a user’s desire to 'utili-ze' a cordless power tool to perform an extensive
undertaking. That 1s, to complete an extenswe undertaklng the user must make frequent

breaks to recharge a depleted battery else keep multlple battenes on-hand to be
- Interchanged with depleted batteries.
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Additionally, many traditional ii power driven tools require power levels above
levels feasibly attained from energy Storage devices. That is, the battery configurations
required to supply the level of power necessary to effectively utilize the power tool would

be overly cumbersome so as to render the power tool effectively non-portable.

For example, a typical Welder_ designed for Shielded Metal Arc Welding,
generates an output open circ__uit volt_étge between 45 and-75 volts, while a typical welder
designed for Gas Metal Arc Welding generates an output open circuit voltage between 30
and 45 volts. To deliver comparable performance when powered from an energy storage
device, multiple batteries would be requrred Specrﬁcally, to generate the maximum
desired open circuit voltage of 75 volts a comblnatlon of seven traditional 12 volt
batteries would be required. However the inclusion of seven traditional 12 volt batteries
in a portable” MIG welder would render the dcv1ce too cumbersome to be portable.

Additionally, such a welder would not be cost e-ffectrve.

To overcome this problem, welders have been developed that operate .within the
desired output range with a mmrmrzed battery configuration that still permits portability.
Specifically, an output of the batterv configuration is conuected directly to the output of
the welder to allow maximurn power traquer However such minimized battery
configurations srgmﬁcantly limit the duratlon of operabllrty of the welder. Specifically,
operational duration may be lumted to a few mrnutes at maximum operational power
output. Furthermore, by dlrectly connectmg the output of the battery configuration to the

welding output the user 1s precluded from regulating the voltage output of the welder to

tailor the weldmg process to the specrﬁc welding task.

It is therefore desirable to design a portable welder that provides an open circuit
Vo ltage comparable to traditional, corded, welders Addrtronally, it 18 desirable to desi gn
a portable welder that includes output voltage or current control. Furthermore, such a

welder should be cost effective and efﬁcrentto be attractive to the end user.
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BRIEF DESCRIPTION OF THE INVENTION

The present invention 1s direoted to a portable welding-type apparatus that
- overcomes the aforementioned dfawbaeks Specifically, ‘the present invention includes a

portable welding-type power source 1nclud1ng a removable energy storage device and
voltage regulation to control the output voltage or current accordmg to a selected
welding-type process. The present lnventlon also 1ncludes a charger to recharge the

removable energy storage device and a removable control module to control operation of

the welding-type apparatus.

In accordance with one aspect of the present invention,*_a portable welding—type
power source is disclosed that -include_s; an energy storage device conﬁgured to provide a
first voltage output and a boost cirCui-t connected to the energy. storage device. The boost
circuit 1s confi gured to boost the ﬁrSt‘_-voltage output from the energy storage device to a '
second voltage output to supply power to.thewelding-typepOWer source according to a

selected welding-type process.

In accordance with another 'faspect of the present invention, a method of
performing a welding-type process is disclosed including receiving an input voltage from
an energy storage device that is -belovv a desired output voltage and increasing the mnput
voltage above the desired outout voltage of the weldlng-tvpe process. The method
further mcludes regulating the moreased Voltage to supply the desired output voltage and

current of the welding-type .p-roces,s at an output Ofaweldmg-type apparatus.

According to another as.peet of the present mvention, a portable welding-type
apparatus is disclosed that includes an interchangeable energy storage device configured
to provide an output voltage l'esa t_hani_a required voltage range for a welding-type process
and a first converter connected- to theE energy storage device and configured to increase
the output voltage of the energy storage device. A second converter is included to

receive the increased output voltage from the first converter and regulate the increased

3.
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output voltage to be within the required voltage and current range for the welding-type

ProcCess.

According to yet a further aspect of the present invention, a rechargeable battery
is disclosed that is configured for use with a welding-type apparatus and has an output

less than that required by the welding-type apparatus.

According to another embodiment of the present _invention,. an apparatus 1s
discloéed that includes an-interchangeable energy storage device configured to provide a
first voltage output, a boost ciretlit.conne_eted to the energy storage device and configured
to boost the first voltage -outpu't' to ;a_ second voltage output, and a buck converter to
receive the second voltage output from the boost circuit and regulate the -second voltage

output to be within a voltage and current range requiredby the ap.paratus.._

According to still another embodiment of the present invention an
1nterchangeab1e control module 1S drsclosed that includes a housing, a socket extendlng
from the housing and configured for repeated engagement and dlsengagernent with a
welding-type apparatus and a oontrol cn'cult enclosed within the housrng and conﬁgured

to control operation of the weldmg-type apparatus accordtng to at least one of a plurahty

of operating modes.

Vanous other features, Obj ects and advantages of the present invention will be

made apparent from the followmg detalled description and the drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

The drawings illustrate one ﬁ)referred ‘embodiment presently oohtemplated for
carrying out the invention. — o

In the drawings:

Fig. 1 is a perspective view of a weld_’ing-typ_e apparatus incorporating the present
invention. - ‘ '
' Fig. 2 is a block diagram of the components of the welding-type apparatus shown
in Fig. 1. ' | ' '

Fig. 3 is a perspective view of a control module in accordance with the present
invention. - - -

Fig. 41s a detailed circuit dlag;ram of the components of F1g 2.

Fig. 5 1s a detailed 01rcu1t dlagram of a boost control 01rcu1t in accordance with
the present invention.

Fig. 6 1s a detailed circuit diagram of a buck converter control circuit configured
for a welding-type process in acoord&ﬁoe With'the present invention.

Fig. 7 1s a detailed 01rcu1t dlagram of a buck converter control circuit configured

for another weldmg-type process n acoordance with the present mventlon
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The present mvention 1s 'direct‘ed to a welding-type apparatus and, more
specifically, to a portable wcldmg-type power source including Voltage or current
regulation to control the output accordlng to a selected weldmg-type process and a

removable energy storage device. The present mventlon also includes a charger to

recharge the removable energy storage \:de_wce.

'As one skilled in the art will fully appreciate the hereinafter description of
welding devices not only includes welders hut alsc inclufdes any system that requires high
power outputs, such as heating and cnttingi systems. Therefore, the present invention is
equivalently applicable with any device reQu-iring high power output, including welders
plasma cutters, induction heaters and the like. Reference to welding power, welding-

type power, or welders generally, mcludes Weldmg, cutting, or heating power.
- Description of a welding apparatus 1llnstrates just one embodiment in which the present
invention may be implemented. The present inventi-on \is equivalently applicable with
systems such as cutting and induction heating systems. Additionally, the present
invention is applicable in power—ed 'too‘l applications .outside of welding-type apparatuses.
That 1s, aspects of the current .inventiOn are readily applicable to a wide ‘variety of

cordless power driven tools.

Furthermore, one skilled in the art will readily reco gnize that aspects of the
claimed invention are apphcable m vanous apphcatrons apart from those expressed
above. For example, it is contemplated that the boost and buck c1rcu1t configuration in
conjunction with the energy storage dev1ce descnbed herem 1s readily applrcable to
various consumer electronics apphcatlons. Addltlonally, 1t 1S contemplated that the
control module described herein 1s also apphcable In various consumer electronics

applications outside of welding- t‘ype apparatuses. As a further example, it is

contemplated that aspects of the current 1nventlon may be read1ly apphcable In consumer
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electronic entertainment devices such ' as -electronic children’s toys and other such devices
commonly known to employ rechargeable battery conﬁ gurations where an increased

voltage level 1s desrred over and above that supphed by thc energy storage device.

Referring now to Fig.. 1, a ‘p_erspective view of a welding-type apparatus S
incorporating the present invention is ‘sh0wn~- Welding-type apparatus 5 includes a power
source 10 that includes a housing. 12 enclosmg the mternal components of power source
10. As will be described 1n greater detall below, housmg 12 encloses a removablc control
modulel3 including a boost converterand buck converter. Optronally, weldmg device 10
includes a handle 14 for transporting the welding system from one location' to another.
To effectuate the weldmg process weldmg device 10 includes a torch 16 as well as a
grounding clamp 18. Groundmg clamp 18 is conﬁgured to ground a workplece 20 to be
welded. As is known, when torch 16- is in relative proxrmtty to Workp'lece 20, a weldmg
arc or cutting arc, dependrng upon the partlcular welding-type device, 1s produced

Connectmg torch 16 and groundmg clamp 18 to housmg 12 is a pair of cables 22 and 24,

respectively.

The welding arc or cuttlng arc 18 generated by the ‘power source by condltronmg
raw power received from an mterchangeable energy storage device 26. In a preferred
embodiment, energy storage devrce 26 1s a bat—tery.- Energy storage device 26 is
1nterchangeable with sumlarly conilgured battcrles Specifically, energy storage device
26 is encased in a housing 28. Housmg 28 1s securable to the housrng of welding device
10 thereby forming weldrngf-type apparatus 5. Specifically, cnergy storage device 26 is
secured to power source 10 by way of a fastening means 30. It is contemplated that
fastening means 30 {may. inc’lude aclip,- locking tab, 'or other rneans to allow energy '

storage device 26 to be repea_t_ediy secured 'and released from power source 10.

Referring to Fig. 2, abIockdiagram of the components of welding-type apparatus
5 of Fig. 1 is shown. SeciﬁCalIy, jWeldin g-type apparatus- 5 includes energy storage

7
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device 26 and power source 10. Within power source 10 is an interchangeable control
module 13. Interchangeable comrol-modulc 13 includcs a boost contrOI circutt 32 and a
buck control circuit 34 to control the operation of a boost circuit 36 and a buck converter
38, respectively. Power source "'10' also'includes a user input control whereby a user or '
operator of welding-type apparatus 10 can se.lcct a desired welding-type process from a
plurality of welding-type proCcssesto be carried out with torch 16 on workpiece. 20. That
1s, the present invention is capable of opcrating accordin;g to a plurality of welding-type
process. For example, the Wclding-t}?pe- apparatus rrray operate accordirrg to a MIG
welding-type process, formerly known as Gas Metal Arc Weldrng type process

. (GMAW) a Gas Tungsten Arc Weldmg--typc process (TIG) or a Shrclded Mctal Arc
Weldmg-—typc process (SMAW)

Whlle the present invention 1s dcscnbcd in terms of utlhzmg boost crrcult 36 and
buck converter 38, 1t should be rccognrzed that numerous similar circuits/converters are
contemplatcd. That i 18, the substrtutron of a forward converter, resonant converter, Cuk
converter, full-bridge converter, half-bridge convcrtcr -;;, and the like, is contemplated.
Furthermore, while the present invention is dcscribcd in terms of a mlilti-stage circuit,
whereby one circuit increases a power parameter and another circuit regulates that power
parameter, it is contemplated that a smgle stage circuit may be utilized to achieve both

increasing and regulating the power 'paramctcr.

‘To enable the welding-type apparatus to operate according to a plurality of
welding-type process with a plurality of operational requirements, corrtrol modulc 13 is
interchangeable with other control' modules whereby each control module is spcciﬁcally
conﬁgurcd to control the operation of boost circuit 36 and buck converter 38 to operate
accordmg to a particular weldmg-—typc process. Rcferrmg to Flg 3, control module 13
includes a housing 15 surrounding a control circuit and configured to be received by the
welding-type apparatus such‘ that control module 13 may' be repeatedly engaged and

disengaged with the welding-type app:aratus, Specifically, control module 13 includes a
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socket 17 configured to engage a receptacle of the weldlng -type apparatus Socket 17
includes contacts 19 that establlsh an electncal connectlon between control module 13

and the welding-type apparatus.

Referring again to Fig. 2,: once a user has engaged control module 13 within
power source 10, the user may select a desired welding-—type process through a user input
control 40. Upon user entry of a selected welding-type process user input control 40
determines whether a control module 13 that corresponds to the selected weldrng-type
process has been inserted 1nto power souroe 10 If 50, boost control circuit 32 and buck
control circuit 34 of control module l3 are instructed to begin operation of the selected
welding-type process Accordingly, power 1S deli.trered from energy storage device 26
and received by boost 01rcu1t 36 whereby voltage from the reoerved power 1s boosted.
Buck converter 38 recelves the boosted power and regulates the Voltage or current output
at torch 16 to deliver an output power specrﬁc to the requlrernents of thc selected

welding-type process. As such, energy storage device 26 has an output voltage less than

that required by the selected weldmg-typcproccss.

As stated, the user nput control determines whether control module 13
corresponds to the selected weldlng-type process If it is detcrmrncd that control module
13 1s not matched to the selected weldlng—type process the user is prompted to remove
the current control module and replace it wrth a control module matched to the selected
welding-type process. As will be descrlbed in detall below once the appropriately
‘matched control module 13 1s secu.red in power source 10, boost control circuit 32 and

buck control circuit 34 control boost crrcult 36 and buck converter 38, respectively.

Referring to Fig. 4, a detailed circuit diagram illustrating some of the major
components of energy storage device*26,boost circuit 36, and buck converter 38 are
shown. Figure 4 is intended to be illustrative of the major components and configuration

of boost circuit 36 and buck converter 38 but is not intended to be representative of all
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circuitry and components incorporated within energystorage device 26, boost circuit 36,

or buck converter 38,

Energy storage device 26 can. inClUde a plurality of independent energy storage
devices 40-48. In a preferred embodrment energy storage devwe 26 includes five sealed
lead acid (SLA) 12 volt batterles 40~48 connected in serles to provrde a nomrnal voltage
- of 60 volts. However, it is contemplated that as few as a srngle battery may be connected
to provide the required nomrnalvoltage. As wrll be descnbed in detail, the required
output voltage for the selected welding-type process may be achieved with a nominal
voltage as low as 12 volts h0wever the 'speCiﬁc battery conﬁguration directlv affects the
duration of the weldrng type process That 18, an ampere-hour (AH) capacity of the
'battery conﬁguratron 1S dependent upon the number of batterres in the configuration and
the power requlrement of the selected weldmg-type process and will determine the
amount of welding that can be perfonnedona single charge of batteries 40-48. ‘As such,
a charger 50 having a charging Circnitiswnnected across batteries 40-48 to provide

~ additional power to the welding-type apparatus.

Energy storage device '.26 isalSoiconnected to boost circuit 36 such that energy
storage device 26 provides a first output voltage 27 to boost circuit 36. Boost circuit 36
includes a control transformer such as current transformer CT2 Boost circuit 36 also
includes inductor L3, discrete swrtch Q2 diode D2 and capacitor C1 to form a power
circuit for a boost circuit 36 Capacrtor Cl1, “current transformer CT1, inductor L1, diode
D1, and discrete switch Q1 form a power crrcult of buck (chopper) converter 38 which
receives a second output voltage 39 of boost crrcurt 36. Buck converter 38 may also
include additional components snch. as capacitor C2 andlnductor L2 that may be added
for a constant voltage output requ-ired by some welding«étype processes, such as GMAW
~type processes. The output of buck converter 38 1s then supplied across torch 16 and

workprece 20 to etfectuate the selected weldlng-type process.

10
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As stated, charger 50 is COuﬁgured to receive power from an external power
source 52. It is contemplated that external power source 52 may be a transmission power
receptacle, a portable generator, a generator a turbine, a fuel cell, a scissors lift or a
vehicle. It 1s further contemplated that charger 50 may be incorporated within external
power source 52. That is, charger 50 may be 1ntegrated with external power source 52.
“As such, it 1s contemplated that the charger 50 and external power source 52 may be
integrated within a vehicle, such as a ,,:truck or forklift. However,. 1t 1s also contemplated
that the charger 50 be integrated with en_ergy storage device 26 or with power source 20.
As such, it is contemplated that the erltirety of the system be integrated. Furthermore, it

is contemplated that the entirety of the Systern be mtegrated within a vehicle.

In any case, when charger 50 IS\ connected to external power source 52 and power
source 10, charger 50 condrtlons raw power recerved from external power source 52 for
use by the welding-type apparatus Specrﬁcally,' 1f the welding-type apparatus 1s not
opcrat:mg to perform a selected weldmg-type process, the power from charger 50 is

directed to recharge batteries 40 48. :\

On the other hand, 1f the 'weldihg-type apparatus is operating to perform a selected
wcldrng—type process, the power from charger 50 is utlhzcd to supplement the power
supplied by batteries 40-48 for the weldmg-type process F urthermore, in accordance
with one embodiment, resrdual power mput from charger 50, may be used to charge
energy storage device 26 during the selccted weldrng-type process As such, the power
‘required from energy storage dev.rce 26 | to sustam the selected welding-type process 1S

reduced and duration of the selectedwjefldihg-type process is extended.

It is also contemplated that battenes 40-48 be conﬁgured to solely provrde output
power during the selected weldmg-type process regardless of the inclusion of charger 50.
In this case, charger 50 1S ccnﬁgured to only provrdc chargmg power to batteries 40-48

when the welding-type apparatus 1S not In operation. That 18, durlng an ‘“on” time of a

1
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duty cycle of the selected welding~t3rpe;proces's, batteries 40-48 provide output power.
Then during an “off” time of the-duty cycle charger 50 provides ‘charging‘ power to
batteries 40-48 to recharge battenes 40-48 for the next “on” time of the duty cycle. As "
such, the duration of the weldmg-type process is also extended as the battcnes are

intermittently recharged during the _weldmg-—typc process.

Charging or otherwise, dur:mg a selected weldlng type process, the output of the
energy storage device 1s supplled to boost c1rcu1t 36. Typlcal welding-type processes:
such as SMAW and GMAW require an open circuit voltage in the range of 45 to 75 volts,
however, as stated, energy storage d_eﬁce 26 has an output between 12 to 60 volts. Since
the output voltage of energy storage d_e?vice 261may‘be.lower than the open circuit voltage
required by the selected wcldi:ng_-type process, a means of boosting the voltage 1s

required.

As such, the output of energy stOrage'dcvicc 26 is supplied to boost circuit 36.
Discrete switch Q2 is turned cn, and-off under pulse wrdth modulation (PWM) control at
a switching frequency, for cxample- - 2‘0-: kHz. 'Wllen discretc switch Q2 1s- turned on, the
full output voltage of energy storage dev1ce 26 1s applled across mductor L3, causing
current to increase In a linear fashlon Thrs current increase is sensed by current
transformer CT2 during the time .that dr_s_crete switch Q2 is on. The sensed current is used
by the control circuit (not sho_wu) 'jfcr_ settmg the pulse wrdth of discrete switch QZ. In
- accordance with one aspect of the -irruenticn,. the mammum switching 'duty cycle of
discrete switch Q2 must be limited to around 90% to allow sufficient time for the core of

current transformer CT2 to reset, When-..diSOrete switch Q2 swit’ches off.

In accordance with an altematwe embodrment current transformer CT2 may be
rcplaced with a Hall Effect currcnt sensmg devrce The Hall Effect device could be

placed in series with discrete sthch, Q2 orin senes with inductor L3 to sense the current

12
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flowing in the boost circuit. Use of a Hall Effect current sensor could eliminate the 90%

maximum duty cycle restriction for discrete switch Q2.

When discrete switch Q2 1s turned off the current flowing through inductor L3
contlnues to flow through diode D2 and into capac1tor Cl or directly to buck converter
38. Under steady state conditions the voltage on capacitor C1 will be greater than energy
storage device 26 output -V'oltage, and so the current in inductor L3 decreases during the
time the current 1s ﬂowing through" diode D2 because a reverse 'voltage is applied across
inductor L3. Capacitor C1 serves to temporanly store energy from boost converter 36

until it 1s drawn out by buck converter 38

Referring now to the operation of bu_ck converter 38, discrete switch Q1 1s also
switched on and off under a PWM duty cycle -control at a switchjng frequency-, for
example, 20 kHz. When operating in SMAW type process, whereby inductor L2 and
capacitor C2 are switched out of the circuit, when a discreteswitch Q1 is switched on, the
voltage received from boost circuit 36 is appli-ed- across. the series circuit that includes
inductor L1 and the arc nnpedance between torch 16 and workpiece 20. The current that
flows through discrete switch Q1 after it has turned on is the same as the output load
current. Current transformer CT1 1s used- to sense the_ pulsed current flowing through -
discrete switch Ql to provide a signa-l proportional' to the output load current. T his
proportlonal current signal 1s used by the PWM controller (not shown) to control the

on/off duty cycle of discrete switch Ql

When operating in a GMAW type process wherein a relatiVel‘y constant open.
o1rcu1t voltage 1s required, 1nductor L2 and capa(ntor C2 are switched into buok converter
38. As such, capacitor C2 prowdcs an 1nstantaneous source of current for the weldlng
load between torch 16 and -work;prece .20.  The GMAW process may require
instantaneous current which may be 3 to 4 times the magnitude of the average welding

current and capacitor C2. can provide this source of energy. Alternately, in accordance

13
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with another embodiment of the invention, capacitor C2 can be eliminated if the

switching components of diode D1 and discrete sw1tch Q1 are sueh that they are capable \
of meetmg the strmgent voltage and current requlrements of a GMAW process. Induetor
L2 performs the function of controlling the rate of change of current into ;the welding arc
as the arc impedanee fluctuates unoer the weldi-ng-type process. Additionally, in
accordance with an alternative emb odfiﬁren-t, ;-inductor L2 may be eliminared whereby the

rate of change of current is controlled electronieallyby the control circuit.

The use of current transformers CT1, CT2 for 'sensing pulsed current, provides a
low cost, low loss means of sensmg current In addltron current transformers CT1, CT2

circuit can produce a signal with hrgh srgnal {0 noise ratlo thhout dissipating a

significant amount of power.

In accordance with an alternati_ve embodiment, current transformers,_ CT1 and
CT2 may be replaced with Hall_Effeet current Sensors. The Hall Effeet sensor may be
placed in series with discrete switehete and Q2, or in series with the input or outputs of
the boost and buck converters, such as in series with inductor L3 and in series with
inductor L1. The use of a Hall Effect current sensor would eliminate the 90% restriction

on the maximum duty cycle of di-screte switehes Qland Q2.

In accordance with one embodlment of the mvention, the maximum duty cycle of
dlscrete switch Q1 1s limited to around 90% on time, to allow sufﬁ01ent time to reset the
core of current transfonner CT1. When discrete switch Q1 switches off, the load current
will continue- to flow through di'ode DI until the next switching cycle. In the illustrated
embodiment, discrete switch Q1 is shown as a single IGBT switch, however it represents

multrple lower current devrces op erated in parallel to carry the full output current. The
same 1s true for diode D1, diode D2 and -dlscrete switch Q2.- .

14
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Additionally, the output of '.boost circuit 36 will flow into either capacitor C1 or
directly to the output of buck converter 38 via mductor L1. _ConSequently, the current
supplied by buck converter 38 is either suppli_ed from the energy stored in-capacitor Clor
directly from the current supplied from boost circuit 36 via diode D2. To minimize the
energy storage requirements of capacitor Cl 1itis desirable that the current supplied by
~ boost circuit 36 be supplied directly : to the buck converter 38 rather than temporarily
stored in capacitor C1. By driving boost circuit 36 and buck converter 38 from a
common clock signal such that the PWM command signal of buck converter 36 1s phase
shifted from the PWM command signal of boost converter 38, the energy storage
requirements of capacitor C1 can be minimized Some of the energy transferred between
boost circuit 36 and buck converter 38 will still be stored in capacrtor C1 because of the
differences that will occur between the amphtude of the current in boost circuit 36 versus
the amplitude of the current in buck converter 38. There can also be a difference in the
‘switching duty cycle of boost circuit 36 and buck converter 38 that will affect the amount
of energy stored 1n capacitorCl However by phase shifting the on time of discrete
switch Q1 relative to the on time of drscrete switch Q2, it 1s possrble to mrnrmrze the

energy storage requlrement of capa01tor Cl.

Referring now to Frg 5, boost control crrcurt 32 of Fig. 2 is shown in detail. As
explalned with respect to Fig. 4, current transformer CT2 detects the current flowing
through discrete switch Q2 when drscrete sw1tch Q2 is on. Current transformer CT2
develops a voltage signal, which 1s proportronal to the pulsed current in discrete switch
Q2. The output signal.from .current transformer CT2 1s delivered via diode D22 across
parallel resistors R50 and RS 1. . A resistor R52 and a cap‘acitor C20 form a low pass filter
to reduce noise on the output srgnal from current transformer CT2. The reset of current

transformer CT2 is performed by a diode D20 and a Zener diode D21.

A positive input 100 of a voltage comparator U2 is supplied with a reference

signal as will be described in detail below. ‘The level of the reference signal is set by a
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voltage error amplifier U4. The voltage across boost output capacitor C1 1s sampled by
resistors R65 and R66. A voltage command level is set by resistors R56 and R57, which
appears on a positive input 104 of voltage error amplifier U4. The voltage command
level set by resistors R36 and R57 1s the desired output voltage from boost circuit 36 of
Fi g 4, which 1s 1n the range of 60 t.o 70 volts depending upon the selected welding-type
process. Resistors, R54 and R55 Set the ga'in of voltage error amplifier, U4. An output
108 of voltage erTor arnphﬁer U4 is scaled by re51stors R58 and R59 to 11m1t the

maximum current of the boost c1rcu1t to the desired level

An exponential ramp signal- 1s AC coupled onto a capacitor C21 to avoid sub- -
harmonic oscillation. Speczﬁcally, a clock signal i1s supplied via a clock input 110.
During the low portion of the clock 81gnal a discrete swrtch Q10 resets the voltage across
a capacitor C22. A blasmg supply Vi and a biasing dlode D23 is included to operate
discrete switch Q10. During the high portlon of the clock srgnal discrete switch Q10 is
off and resistor R61 serves to partlally dlscharge capacltor C22. As such, a decaying

ramp signal is created that is_AC _coupled onto the reference signal via capacitor C21.

Accordmgly, when a negatlve input 102 of voltage comparator U2, exceeds the
voltagc of the reference s1gna1 on pos1t1ve Input 100 the. output of voltagc comparator U2
will switch to a low state. NAND gatesU7A and U7B operate as a latch 112 to latch off
a gate signal until the end of the sWitching cycl'e‘ upon which the latch is reset by the low
portion of the clock s1gna1 from clock 1nput 110. Upon latchmg of latch 112, a low
condition 1s fcrced to appear on an output 114 of NAND gate U7B which forces a high
condition on an output 116 of NAND gate U7C accordmg to the clock signal from clock
input 110 supplied via resrstor Ré3. Thrs hrgh condltlon on NAND gate U7C is inverted,
which forces a low condmon on an output 118 of NAND gate U7D. _Therefore, if the
current sensed by current transfonuer*CTZ and‘_ applied to negative input 102 of voltage

comparator U2 is lower than the target level set by the reference volt-age applied to
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positive input 100 of voltage comparator U2, the output of NAND gate U7D w111 operate

to effectively widen the control 51gnal 1.€. mcrease the pulse wxdth

Accordingly, the PWM control' of diScrete switchQZ-of Fig. 4, 1s \accomplis-hed
by sensing the pulsed current through dlscrete switch QZ and companng ittoa reference
with a DC level set by output 108 of F1g 5, of error amphﬁer U4 of F1g 6 That 1s, error
amplifier output 108 sets a command I-evel for the peak current in discrete switch Q2 of
Fig. 4, which, in turn, controls the amount of current or energy supplied to capacitor C1.

The output of voltage error amphﬁer U4 of Fig. 5 w111 vary as requlred to maintain the

voltage across capacitor C1 re_latwely constant.

Additionally, in aecordanee w1th one _embodiment of the current invention, an
enable line 116 1s provided V_iaf a diode D24, to allow the boost converter to be disabled in

the event of low battery voltfage_.or other' such oond_itions;

Referring now to Fig. 6, the figure shows buck control circuit 34 to control buck
converter 38 of Fig. 4 acoor.di?ng'_ to; a SMAW type process. That is, Fig. 6 shows a
detailed circuit layout of buck cOntrol' -oircuit 34 of an interchangeable control module
conﬁgured. to enable the \welding-type ,ap.paratus to operate according to a SMAW type
process. Buck control circuit 34 utilizes an open 1oopp‘eak current mode control scheme
to control a switching duty cycle of discrete switch QI, 'of’ Fig. 4. As such when a user
engages a SMAW buck control c1rcu1t 34, as shown m Flg 6, within the welding-type

apparatus of Fig. 1, the weldmg-type apparatus 1S controlled to operate according to a

SMAW type process.

A free running timer sub4ciroui-t.U3- operates to'oreate a clock signal. The clock
signal has a duty cycle (high vs. low ratio) of approximately 90% The 10 % low portion
of the clock signal serves two purposes First, the 10% low portion serves to reset a latch

200 consisting of NAND gates U6A and U6B. Second, the 10% low portlon serves to
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force a minimum off time of discrete -Switoh Q1, Fig. 4, to allow the proper resetting of
the core of current transformer CT1. The minimum off timeWorks by foroing an output
202 of a NAND gate U6C to ahigh condition dttring ,tho 10% low portion of the clock
signol, via connection of the clock signal through_resistot R23 to an input of NAND gate
U6C. Another NAND gate U6Dthenjim?erts the signal from output 202 of NAND gate
U6C to generate a logic gate dri.vo signal at an output 203 of a NAND gate U6D, which
drives disorete switch Q1, Fig. 4. o o ) o

~ As stated with respect to Fig. 4, current tr;ansfom'er CT1 detects a pulse current
flowing through switching transistor Q1. Current transformer CT1 thereby generates an
output signol proportional to this pulse current, Whiolt in turn 1s prooortiona,l to the
current at the output of the welding-type apparatus. As such, an output s:ignal of current
transformer CT1 is delivered across parallel resistors R’114 and R15. A rosistor R16’ and
capacitor C7 form a low pass ﬁltér to reduoe- noiso on the Output .signal' of current
transformer CT1. The output mgnal of current transf’ormer CT1 1s thereby applled to a
negatwe input terminal 204 of a. Voltage comparator U5 A reset of current transformer
CT1 is performed by a diode D4 and a Zener dlode D6 The reset voltage 1S preferably
- set to at least 10 times the lovol of vo_ltag_e of the. output signal of ourrenttransfonner CT1
supplied via a diode D5 and doveloped across resistors R14 and R15 's'o that tho core of
current transformer CT1 can resetw'ithin the approximatoly 10% low portion of the clock

signal from timer sub-circuit U3.

A positive input206,of Vo‘ltago comparator U5 is :supplied with a reference signal.
The level of the reference voltage is set by a reference voltage. souroe V1 and fixed
resistors R18 and R19 1n ,conjunctioh with Variable resistoi‘, R100. Vaﬂable resistor
R100 operates as an output current setting .control. As such, a reference voltage is

supplied directly to R20.
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An exponential ramp 81gnal 1S AC coupled onto this DC level by capacitor C9 to
avoid sub-harmonic oscﬂlatlon Dunng the low portlon of the clock 51gnal from timer
sub-circuit U3, a discrete switch QS is turned on to reset a voltage level on a cap.a01tor
C10. During the high portion of .'the.-‘clock, S1 gnal; discrete switch Q5 is off, and a resistor
R21 serves to partially dis’ch-arge _capaci_tor ‘CIO. | As such, a decaying ramp type signal is
created on capacitor C10, whioh is AC coupled through a cap_acitor' C9 onto the reference

signal at positive input 206 of .uoltage comparator US.

When the output: srgnal of current transformer CT1 apphed to negatlve input 204
of voltage comparator U5 exoeeds the voltage of the reference signal applied to positive
mput 206 an output of comparator 208 will swuch to a low state. Accordmgly, NAND
gates U6A and U6B operate as a latch 200 to latch off the gate signal until the end of the
sw1tch1ng cycle. At the end of the sw1tch1ng cycle the latch is reset by the low portion of
the clock signal from timer sub-crrcurt Us. Latch 200 forces a low condltron to appear on
an output 212 of U6B, which forces: a high condttlon on output 202 of uecC, whrch 1n

turn, 1s inverted and forces a low cond1tlon on output 203 of U6D to generate a drive

signal.

Accordingly, if the current sensed by current transformer CTl 1s lower than the
target level set by the reference voltage applled to pos1t1ve terminal 206 of comparator
U3, the pulse width of drive signal output 203 from U6D will increase, T Therefore, the
PWM control of dlscretc switch Q1 of Fig. 4 1s accomplished by sensmg of the pulsed

current through discrete switch Ql and companng itto a reference with aDC level set by

the output current control resistor R100.

Furthermore, the ramp signal, which is AC coupled onto the reference signal,
serves an additional purpose. That 1s, for narrower pulse widths, the current sensed by
current transformer CT1 rises to a higher level to intersect the reference signal.

Furthermore, for longer pulse widths, the current does not have to reach as high of a level

19



CA 02482111 2004-09-21

Docket No. ITW7510.057

to intersect the reference si gnal Thrs is because of the decaymg ramp srgnal coupled to
the command reference via C9. As sueh a natural droop of the output of buck converter
34, Flg 4, 1s achieved. For SMAW rt is desirable to have a certain -amount of droop
characterlstlc so that the arc lmpedance between the torch and workpiece decreases under
certain conditions. For example a droop oharactenstrc iS desrrable for SMAW during a
short circuit or when starting the arc, such that the current naturally increases to assist in

clearing the short.

Addltronally, In accordance Wrth one ernbodlment of the current 1nventron an
enable line 216 is prowded via a diode D8 SO that the output of the buck converter can be
disabled for a low battery condltron or other undeSIrable oondrtlon-s such as over-heating.
Spemﬁcally, when enable single 216 1s low dlsorete switch Ql of Fig. 4 will remain in

an off state and no voltage will be present across the output of the welding-type '

apparatus.

Referring now to Fig. 7, the ﬁgure shows a modlﬁcatlon to buck control circuit 34
of Fig. 6 to control buck converter 38 of F1g 4 to operate accordlng to a GMAW type
process. That 1s, when a GMAW control module 1s engaged within the weldmg-type
apparatus, buck control circuit 34 18 modlﬁed to add a c1rcu1t sectlon 300. Specifically,
circuit section 300 of buck control 01rcu1t 34 has been modlﬁed to enable a relatlvely
eonstant voltage output from the buck converter to be supplied to the output of the

welding-type apparatus, such as is requlred to perform Weldmg-type processes such as
GMAW. '

A dlfferentral arnphﬁer 302 has been added to sense the output voltage across
capacitor C2 and provide a soaled srgnal prOportlonal to the output voltage of the
welding-type apparatus. Altemate_ly, in accordance with one embodiment of the
invention, differential amplifier 302 'sensea the voltage output of the welding-type

apparatus rather than the voltage across capacitor C2. ‘That is, while the voltage across
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capacitor C2 will tend to be a smoother srgnal than output voltage of the welding-type

apparatus the voltage does not 1nclude the DC Voltage drop across inductor L2.

A second amplifier, error amphﬁer U7, has also been added An output control
command srgnal 1s set by fixed resrstors R18 and R19 and variable resistor R100. ‘
Therefore, a reference voltage 1S supplredto error amplifier U7 rather than directly to
R20 as in the SMAW buck control circuit, as shown in Fig. 6. An output 304 of error
amplifier U7 now provides the reference v01tage to resistor R20 via resistors R36 and
R37, which sets a peak current level in d-iZSCretcswitch Q1 of Fig. 4. Resistors R36 and
R37 of Fig. 7 have been added to scale the output of the error arnplrﬁer to keep the

current within the same range as w1th the SMAW converter control. Resistors R34 and

R35 set the gain of amplifier U7.

The rest of the control operates as described above with respect to the control
crrcult for SMAW. The prrrnary drfference in operatlon 1s that the reference voltage will
vary as requrred to maintain the output voltage of the converter constant as the arc

-nnpedance varies. By ad_]ustlng resrstor R100, a user is able to set the output voltage

level of the weldrng-type apparatus

Therefore, in accordance -With one embodiment of the present -invention 2
portable welding-type power source 1s dlsclosed that 1ncludes an energy storage dev1ce
configured to provide a first voltage output and a boost circuit connected to the energy
storage device. The boost crrcurt 1s conﬁgured to boost the first voltage output from the

energy storage devrce to a second voltage output to supply power to thc welding-type

power source according to a selected Weldrng-type process

According to another ernbOdiment of the present invention, a rnethod of
performing a welding-type process is dlsclosed that includes receiving an input voltage

from an energy storage devrce that Is below a desrred output voltage and increasing the
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input voltage to the desired output voltage of the weldmg-type process. The method
further includes regulatlng the mcreased voltage to supply the desired output voltage and

current of the welding-type process at ;an output of a Weldmg-type apparatus.

According to yet a furtherembodiment of the present invention, a portable
welding-type apparatus is disclosed that includes an interchangeable energy storage
~device configured to provide an output voltage less than a required voltage range for a
welding-type process and a first converter connected to the energy storage device and '

conﬁgured to increase the output voltage of the energy storage device. A second
' converter 1s included to receive the mcreased output voltage from the first converter and
regulate the increased output voltage to be wrthm the required voltage and current range

for the welding-type process.

In accordance with another ernbodiment,- a rechargeable battery is disclosed that is
- configured for use with a welding-type apparatusandhas an output less than that required

by the welding-type apparatus. ‘

In accordance wrth yet another embodtrnent an apparatus 1s disclosed that
includes an 1nterchangeab1e energy storage dev1ce configured to prov1de a ﬁrst voltage
output, a boost cn'curt connected to the energy storage device and conﬁgured to boost the
first voitage output to a second voltage output, and a buck converter to receive the second
voltage output from the boost circuit and regulate the second voltage output to be within

a voltage and current range requlred. by the apparatus.

In accordance with another embodtment an mterchangeable control module 18
dtsclosed that 1ncludes a housrng, a socket extending from the housmg and configured for
repeated engagement and disengagement with a Weldlng-type apparatus and a control
circuit enclosed within the housing and conﬁguredto control operation of the weldlng-

type apparatus according to at least o.neof a plurality of operating modes.
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The present invention hasbeén deScri’b_ed in terms of the preferred embodiment,
and 1t 1s recognized that equivalents,-,_altématiVes, and modifications, aside from those

expressly stated, are possible and with_i’-n-the s’copé of the'appending claims.
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CLAIMS
What 1s claimed 1is:

1. Aportable welding-type power source comprising:
an energy storage devrce conﬁgured to provide a first voltage output and
a boost circuit connected to the energy storage device and confi gured to boost the

first voltage output toa second Voltage output to supply power to the weldmg—-type power

source accordtng to a selected weldmg-type process.

2. The welding-type power sourcc of craim 1 wherein the boost circuit

comprises a boost converter.

3.  The weldmg-type power source of claim 1 further compnsmg a chopper
circuit conﬁgured to receive the second voltage output and convert the second voltage

output to a power output matched to the selected weldlng-type process.

4.  The weldi;ng?type power source of claim 3 wherein the chopper circuit
comprises a buck converter.
5. The welding-type power source of clalm 3 further compnsmg at least one

control module to control the boost crrcurt and the ch0pper circuit according to the

selected welding-type process.

0. The weldmg-type power source of clam 5 wherein the control module
further compnses a first control 01rcu1t to control operatlon of the boost circuit and a

second control circuit to control operatlon of the chopper circuit.
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7. The welding-type power source of claim 6 wherein the first and the second
control circuits are contr.ol-led by a common clock signal such that a required mutual

capacitance between the booSti circuit and the chopper circuit is reduced.

8. The welding-type power source of claim 3 wherein the power output
includes a required output voltage and current range that varies according to the selected
welding-type process and wherein the second circuit is controlled to regulate the second

voltage output according to the sel_ect_ed.fweldmg-type process.

0. The welding-type power source of clalm 1 Wherem the energy storage

device 1s readily mterchangeable W1th replacement energy storage devwes

10. The welding~type power source of claim 1 wherein 'the. selected welding-
type process is one of a shielded metal arc welding-type process, gas metal arc welding
process, gas tungsten arc welding Eprocess, plasma. cutting -process, and a 'hcat"ing

~ apparatus.

11. The weldmg—-type power source. of clalm 1 wherein the energy storage

device is a battery pack that 1s mterchangeable w1th other battery packs

2.  The welding-type power source of claim 1 further comprising a charger

configured to receive power from an external source.

13.  The welding-type power source of claim 12 wherein the charger is

configured to be removable. -

14.  The Weldmg-type power source of clalm 12 wherem the charger further
compnsmg a charglng circuit and wherem the energy storage device may be recharged

via the charging circuit.
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15, The welding-type power source of claim 14 wherein the charging circuit is
‘configured to receive power from an external power source to pr-oVide the _energy storage

device with recharging power.

16.  The welding-type poWer source of claim 15 wherein the external power
source is one of a transmission power receptacle, a portable generator, a ‘generator and

turbine, a fuel cell, a vehicle, and a scrssors hﬁ

17.  The welding-type power s'ource of claim 14 wherein the charging circuit is
configured to supplement the second voltage output durmg the selected welding-type

process when the charging circuit is provided with power from an external power source.

18. A method of performmg a weldmg-type process comprlsmg

recervmg an input voltage from an energy storage devrce that 1S below a desired
output voltage; ' '

increasirtg the mput 'volta_ge at least to the desired output voltage of the welding-
' type process; and - |
re gulatmg the mcreased voltage to supply the desrred output voltage and current

of the weldlng-type process at an output of a weldmg~type apparatus
19.  The method of claim 18 further comp‘rising receiving- a charging voltage
from an external power supply and prowdmg the chargmg voltage to the energy storage

device to recharge the energy storage devxce

20.  The method of clatm 19 further comprtsmg supplementmg the 1nput.
voltage with the charging voltage. '
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21.  The method of cla1rn 18 wherein the weldmg—type process 1S one of
shtelded metal arc welding, gas metal arc. weldlng, gas tungsten arc welding, plasma

cutting, and a heating apparatus.

22.  The method of clalm 18 further comprising adjusting the desired output

voltage and current aecor_ding to the welding-type process.

23, A portable welding-type apparatus comprising'~

an mterchangeable energy storage device conﬁgured to provrde an output voltage
less than a required Voltage range for a weldmg-type process;

a first converter connected to the energy storage device and configured to increase
the output voltage of the energy storage device; and

a second converter to recewe the increased output voltage from the ﬁrst converter
“and regulate the mcreased output voltage to w1th1n the required voltage ancl current range

for the weldmg-type process.

24. The portable Weldmg-type apparatus of claim 23 wherein the second
converter 1s configured to regulate the 1ncreased output voltage to within a requlred
voltage and current range for a pluralrty of Weldlng-type process with a plurality of

required voltage and current-rauges.

25.  The portable Welding'-'-type_ apparatus -of claim 23 further comprising a
control module including at least one control circuit to control the first converter and the

second converter.
26  The portable welding-type apparatus of claim 23 further comprising a

charger configured to supply a ohargi_ng- voltage to the interchaugeable energy storage

device,
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27.  The portable weldmg-type apparatus of claim 23 further compnsmg
mterchangeable control module configured to control operation of weldmg-type

apparatus to operate acoordrng to oneof a p;lurallty of welding-type processes.

28.  The portable welding-type apparatus of claim 27 further comprising a user
input control configured to recelve user selectlon of one of the plurahty of welding-type
processes and wherein upon recetpt of the user selection the user input control determines
whether the 1nterchangeable control module corresponds to the user-selected welding-

type process.

29. The portab‘le Welding-type apparatus of claim 28 wherein the first
converter is further conﬁgured to'-inoreaSe the output voltage of the energy storage device
and the second converter 1s ﬁlrther oonﬁgured to regulate the increased output voltage to
within the required voltage and current range. for the user-seleoted welding-type process
upon conﬁrmatlon from the user 1nput oontrol that the 1nterchan geable control module

corresponds to the particular weldmgwtype Process.

30. ” The portable weldingetype apparatos of claim 28 wherein user input
control is further configured to-. pr'eelndef the welding-type .apparatus from operating
according to the user-selected welding-type process if the interchangeable control module

does not corresponds to the user-selected welding-type process.

31. The portable ‘ weldingﬂtype apparatus of claim 27 wherein the
1nterchangeable control module further compnses a ﬁrst control CerUIt to control the

operation of the ﬁrst converter and a second control crrcurt to control the Operatton of the

second oonverter
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32.  'The portable weld-ing-type apparatus- of claim 27 wheremn the plurality of
welding-type processes at least irrc_ludes a GMAW type process and a SMAW type

process.

33. The portable Weldmg-type apparatus of claun 23 wherem the first
converter and the second converter comprlse at least one of a boost c1rcu1t a buck
converter, forward converter a resonant converter, a Cuk converter a full-bnd ge

~ converter, a voltage multiplier, and a half-brldge converter.

34, The portable-Welding-type apparatus of claim 23 wherein an output of the
welding-type apparatus may be one of a constant current output and a constant voltage

~output as derlved from the mcreased output voltage

35. A rechargeable battery configured for use with a Wel'din.gff-type apparatus-
having an output less than that requiredtbyz the welding-type apparatus.

36. An apparatus compnsmg .

an mterchangeable energy storage devwe configured to prov1de a first voltage
output; . \ |

a boost circuit connethd to the- energy storage device and configured to boost the
first voltage output to a second voltage output and. : '

a buck converter to receive the second voltage output from the boost circuit and
regulate the second voltage output to_- --.-be within a voltage and current range required by

the apparatus.

37. The apparatus of cla:lm 36 further comprising a charger configured to

recharge the interchangeable energy storage device from an external power source.
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38. | The apparat\us of claim 37 wherein charger is integrated with the external

pOWer source.

39.  The apparatus of c_laim'3'8 wherein the charger and external power source

comprise one of a vehicle, a turbine, a fuel cell, and a generator.

40.  The apparatus of clalm 36 wherem the apparatus eompnses one of a

vehicle, a turbine, a fuel cell and a generator

41. An interch.angeable centrol module cemprising‘:

a housmg, - : o

a socket extending from the housmg and conﬁ gured for repeated engagement and
dlsengagement with a weldmg-type apparatus and _

a control circuit enclosed W1th1n the housmg and conﬁ gured to control operatlon

of the welding-type apparatus accordmg to at least one of a pIurality of operatmg modes.

42.  The interchangeable control module of claim 41 wherein the plurality of
operating modes includes at least a GMAW operatin g mode and a SMAW operating

mode.

43.  The interchangeable centrol module 'of claim 41 wherein the control
circuit 1s conﬁgured to control the operatlon of a boost elrcult and a buck circuit of the

weldmg-type app aratus according to an operatln g mode of the oontrol 01reu1t
44.  The interchangeable control module of claim 41 wherein the control

circuit is configured to control the boost circuit to boost an output voltage of an energy

storage device. |
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- 45. The interchangeable control mo_dul'e‘ of claim 41 wherein the control
circuit is configured to control \the-b'uck[circuit to receive the boosted output voltage from
the boost circuit and regulate the boosted output voltage to be within a required voltage

range associated with the operating mode of the "oontro]' circuit,
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