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Global Products & Services

Welding Controls Group

Developing ond supplying the most deppenddde aond advonce
welding controls for the world

Advance Products Group

Sourcing advanced products 1o enhance welding processes

INndustrial Technical Services

Supporting, traning, and servidng weldng proaesses in
automotive manufacturing plants
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MFDC Inverters

Kits or Control Assemblies
Various sizes available
Air or Water Cooled Versions

Advaonced benefits for Toaay’s
environment

W

Ihere are godliaations and situations where the MFDC resistance weldng is the best
chaice avaladle. The overd! cost of using MFDC are significontly lower as compared :
fo the cost single-phase SCR control may actually be.
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Significant Energy Savings

MFDC Inverter will do more welding with less energy

MFDC AC Transgun AC Cable Gun

Electricity Cost per KW Hour $0.08000 $0.08000 $0.08000

Secondary Current 15000 15000 15000

Turns Ratio 74 50 15

Welding Cycles 12 12 12

Power Factor 99% 85% 95%

Primary Voltage 480 480 480

Cost per weld| $0.000428 $0.000544 $0.002027 |

Welds per part by control 25 25 25

Parts per hour 62 62 62

Hours per day 16 16 16

Days per week 6 6 6

Weeks per year 50 50 50

Parts per year 297,600 297,600 297,600

Welds per year by control 7,440,000 7,440,000 7,440,000
Electricity cost for weld per year $3,185 $4,047 $15,078 v

The calculating tool shown here is available from WIC
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| rnproved & Consistent Power Factor

MFDC lood gopears to have unity power factor, which would then
reduce pendalfies assessed by the power company.

| ndudtive impedonce is eliminared since the dodes on the
secondary of the weldng tfronsformer provides Direct Gurrent to the
weld instead of Alternating Current.

Power mains are not distorted since there is no induction.

Thereis no need to purancse expensive Power Fador correction
systems for the plant if all welding is done with MFDC inverters.

Capacitors in the inverters improves the mains,

What kind of pendfties does your eedridty supdier chage for
Power Factor distorfions caused by your plants?

~
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Automatic Load Distriboution

MFDC Loads are evenly dstributed over the

Three phCISe 3-Phase Power Supply
&
1 P 7
S T 6
The bonk of copadtors thar are found on ~7  Capacitor =
the MFDC system dlows for aurrent to e e o
draw from the bonk cs well os from the GRS IGBTs

- Bus QE ? + Eg + Bus

400-2000 Hz

line thus reducing peak line currents.

Welding Transformer

During instdlation, you ao not need to mgo out phase dstribution
since MFDC inverters loads all phases evenly

~
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Eliminares Need ond Mantenaonce

of Expensive Kickless GXales

Due to higher operating frequencies (400 to 2000Hz),
the weldng tronsformer aon e a8 mudh cs 74% smdler
than the fraditional AC weld transformer (60 / 60 Hz).

This dlows the user o loaare the tronsformer much doser 1o

the weldng gun thus eliminating the use of expensive
Kickless cables that need to be maintained and monitored.

Kickless ades are likely to bredk af the most inconvenient fime
such as dunng production cycle fime.

- 4
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Precise Welding Current

MEDC utilizes | &BTs for switching. These are turned on ond off at the rate
of 400 to 2000 times per second.

By contrdling bboth the turn on and turn off, the MFDC acon use a
deterministic approach to controlling weld current.

Conventiond AC contrds utilize SARs for switching. These are turned on by
the weld contrd but then reman condudting until the line vatage aosses
the zero point during the base frequency line cycle.

Because of this, conventiond AC contrds must use a preddive dgorithm
rather thon a ageterministic aoporoadn. Also, if an under or over
compensation oaaurs on one of the oydes, the AC contrd will have to wait
unfil the next period of the lbose frequency whereos the MFDC need only
wait a fraction (1/20M nominal) of that time.

Most precise current control is achieved with MFDC inverters.

4
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Welding Process Friendly

MFDC eliminates undesired inter-cyde codling periods thot
exist in ACresistonce weldng processes. Weldng therefore
aon oaaur foster whidh would then reduce heat woste ond
the problems associated to eliminatfing that waste.

B
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EA- ' I | |
Weldng aurrent fime aon dso 3] JH} ]r\/wwwl—_
be ceaeased since there is no o | L\J.' I Lﬁ /R J
infg'q/de CDOII”Q Per iocs. ::: RMS Current = 39.9;;: ; Peak ::urr:ent = +I,f- a?:m
This aodtiond benefit would i
acontribute fo more energy Bad —— \
savings, better production oyde e f’ t
fimes, reduced wear on weldng ‘?“.‘ \\
apparo-h’ls’ and more " i _Ir RMS Current = 39.5kA ; Peak Current = <42, 7k Il".\
[ W J B o | oo o

5l i kL 120 150
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Wider Welding Lobes

MFDC systems hos wider weldng looes ot lower weld
current levels as compared to AC systems

187 —  Welding Lobe for 0.037" uncoated steel
6] o
% Minimal size = 0.200 in.
1441 o —MFDC
o —AC
124 &
Q
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64 =
Welding Current (KA)
4 1 1 1 1 | | 1
5 5.5 6 6.5 7 7.5 8 8.5
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Wider Welding Lobes

MFDC systems hos wider weldng looes ot lower weld
current levels as compared to AC systems

187 —  Welding Lobe for 0.037" galvanized steel
L
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® Minimal size = 0.200 in.
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Fast Response

The inverter contrd is maost
copropriare type of contrd for

dgorithms due to its quick
response for current control

Applying Heat Gty Smaller Than Mormal Leval
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deploying WT C adoptive weldng

Thermd Forae Feedoadk (TFF) ond
Constont Hear Confrd (CHO ae
resistonce weldng dgorithms
developed by WIC.

W
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Flexible Welding Systems

AC systems need o e sized correctly so that contrd of weldng
aurrent is achieved in the area of 70 1o 90 percent of maoximum
current,

This meons for example that a 20K amp welder is suited for
weldng godications rongng from 14K amps to 18K ams.
Although it is possible To use this welder for qoliaations requiring
mua less than 14K ampes, it does meon working in arecs of
instability.

MFDC systems aon work from 20 1o 90 percent of maoximum hence
in asimilar 20K omp MFDC welder aon be used reliddly from 4K
amps to 18K amps.

Robots acon be used to wald more varied parfs of the aufo sfructure
using MFDC inverters

W
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Case Study:

Gill Manufacturing

Comypparison of AC and DC Welders D’"

Counton Us

Per our conversation during the on-site testing of 04/23/99, plecse find artadhed the
results of the RPM tests cs you requested. The tests were conducted 04/23/99 ot
aoproximately 9:45 to 11: 15 AM o record the dfferencss in two different types of
welding operation to accomplish the same end product.

Max voltage variations @ 480 volts was approximately 10V or less.
The first welder wos anew DCstyle that spreads the totd load aarass dl three phoses for asinge
weld |t wos rared @ 85KVA 3 phase 3 wire 480V ond contrdlled by on 80 Amp drauit recker. The
mMax inrush was approximately 164 Amps (3 cycle) per phase.

Actual max inrush was: A=164.1; B=150.8; C=140.3 AMPS.

The other welder wos amore stondard singe phase ACwelder. |t wos rafed @ 150KVA T phese 2 wire
480V and controlled by a 400 amp circuit breaker.
The max inrush was approximately 684 Amps (12 cycles), also shown on the attachment.

W

This tfestimonial was writfen by a distributor and planner of energy. %
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Gill Manufacturing Resultfs

DC Weldlng hass tighter range consumers Energy >

| AC RESULTS | DC RESULTS | Gount on Us
Brake Torque Brake Torque Al
PCNO. | Nowton Meters| PCNO. | Nowton Heters) The m|n|md aooepicdde torque
1 73E 1 E level is sef at 75 Newton Meters.
2 235 2 175
3 200 3 170 .
, >TE , = | wos possilde to reauce the
2 gig 2 1;8 weldng cyde time on the DC
; i ; =3 welder ond sfill maintan well
8 175 8 175 above the acceptance range.
9 228 9 170
10 220 10 175 .
i 170 i 173 The ACwelder had awider ronge
12 240 12 170 :
= oTe = = of results hence the cyde time
14 235 14 170 wass programmed longer.
15 235 15 175
AVERAGE 218 AVERAGE 172
RANGE 78 RANGE 5
AC Welder DC Weider -
Primary Current=687Amps Primary Current=164 Amps
Upslope =0 Cycles Upslope =0 Cycles té
Weld Time = 12 Cycles Weld Time = 3 Cycles i
16
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3O Welding Stee

Resistance Welding Process e ppog)  Melting Point (°C) g o

Conductivity (27°C) (Ohms/CMF) (20°C)

Steel with coatings Iron 0.803 1300 400
Aluminum 2.37 680 17.6

Zinc - 435 22.3

Steel Copper 3.98 1115 10.4

Resistonce weldng of stedl is reldtively ecsier thaon weldng of duminum. The chaadteristics thar maokes
sted ecsier to resistance weld thaon duminum is its higher eledriad resistivity ondits lower thermd
conaudivity cs compared to the copper electrodes. The coaling of the eledrodes is very importont since
steel requires a build up of temperature in excess of 1300°Cto melt which is well doove the melting
temperature of copper of 1115°C. The flow of water in the eledrodes is necsssary to toke away heat that
uilas up at the electrode / work piece contact area This will dso help in mantaning the surface contact
aea of the copper electrodes of aproper dmension which will result in maintaning the aurrent density to
melt the steel.

Coatings on Steel

(haracteristics of zinc are shown doove toillustrare the goproaches necsssary 1o weld coated materids.

As compared to bare stedl, the coared stedls would require apulse of aurrent prior to the weld to melt the
coating. It only requires 435°Cto melt the coating. The resistonce to the pulse of aurrent by the sted
would aedte the heat that would bail off the zinc coating. Once melted however, the zinc would pudde
aound the weld zone ond would provide lower resistivity s compared 1o bbare stedl onto bare stedl.
Because of this lowered resistivity, significont higher levels of aurrent would e required to weld cooted
steel as compared 1o bare steel.

© 2003 Welding Technology Corporation. 17



Welding Aluminum

Thermal . e Electrical Resistivity
Conductivity 27°¢) Melting Point (°C) ) 1 eMF) (20°C)

Resistance Welding Process

. Iron 0.803 1300 400
Aluminum Aluminum 237 680 17.6
Zinc - 435 22.3

Copper 3.98 1115 104

Aluminum

Aluminum hcs on eledriad resistivity ond thermd condudtivity that is doser to that of copper. What makes
it possible for resistonce weldng is that its melting temperafure is muadh lower than that of copper. Due to
duminum’s lower resistivity and higher thermd conaudtivity s compared to stedl, resistanae weldng
duminum would require muadh higher levels of aurrent but the weld must e accomplished in mudh less
fime.

|nverter DCweldng is the best dnoice for duminum
welding applicafions due to short welding times.

~
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T ooling Design

When designing a tool for resistance welding, it is best
fo stat of the weld nugget areafirst then work bbadk to
the power supply.

Determine what needs to happen through the work
piece first then dedde how this will bbe acocomplished. |t
is foo late if you get the tools first then determine how
you are going to use them. Determine the amount of
current and time needed to do the weld and the force
required across the electrode. Next determine the

aurrent aarrying drauit required. Do you simply need to

% : weld nuggets dong aflonge or do you need to produce

a weld in the middle of wall of a train?

There are very important mechanical concermns in resistance welding. Proper
electrode alignment, proper electrode force with follow-up, good part and
electrode geometry, with sufficient cooling capabilities are some of the
considerations that have o be accounted. The welding gun will transfer the
power to the weld zone thus ifs capabilities are of great importance for
producing quality welding results.

© 2003 Welding Technology Corporation. 19



Tronsformer Sizing Secondary

Voltoges

The work piece electrical resistance that is presented across the electrodes is measured
in micro-ohms. Since the welding current required may be in the range of a few thousand
amperes up to 250,000 amperes, the range of voltage across the work piece would only
be around 0.5 to 1.5 volts. When all considered, the resistance of the tools that carry the
welding current will exceed the work piece resistance. The integral transformer-gun
design above is very efficiently designed yet its resistance is still higher than that of the
work piece.

The welding transformer that is coupled to the gun apparatus may need to be in the
order of 4 to 12 volts in order to overcome the tool resistance. There are situations
where an integral transformer-gun design can not be used. In such cases, the
transformer is remote from the weld gun by means of large current carrying conductors.
This increases the tool resistance and as a result, the output voltage across such
transformers may need to be as high as 30 volts just to get the 0.5 to 1.5 volts across
the work piece.

© 2003 Welding Technology Corporation. 20



|Nnverter Various Sizes & Configurafions

Models: IPS-BW
e

IPS = Inverter Power Switch

Size =A,B,C,D,E, &F
A =300 Amp 10%bcC
B = 400 Amp 10%bc
C =600 Amp 10%bC
D = 1000 Amp 10%bC
E =2000 Amp 10%bc

Coding = A (AIn) &
F = 4000 Amp 10%DbC

W (Water)
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Various Sizes & Configurations

1000

Inverter Life Rating

IPS-BW Chart ; lsszigsewea

Red = Selected Application

= 50,000,000 operations
Weld Current = 16,000 Amperes with capacitor

Weld Time = 10 Cycles maintenance

700 |

600 - Transformer Turns Ratio: 72:1
] Stepper = none
@ 500 + .
= Time between welds: 1.95 seconds
o
400 | Application = 222 Amps @ 11% Inverter Duty Cycle
300 A
400 Amps @ 10% Inverter Duty Cycle
200 A
100 -

0 loooooooe 666666666666606606606606006060606606606666006660606606066606066666606666660606660666666660660606 6666666666
VVVIVIVIVIVIVIV] [VVVVVVV V[V VIV VPV VWV VVVVV VUV VV VUV VVVVVVVVVVVVVVVVVVVVVVVVVVVVV VV VUV VVVVV VUV VUV VeV VvV Vv eV vV vve

Inverter Duty Cycle
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WT C Selection Charts for | nverters

Material Selection
Thickness

Robot Cycle Time

Size of weld gun Welds per robot

Welding Current (I Inverter Duty Cycle

WIC Inverter Selection(s)
Transformer Size
Primary Current
¢ Proper operating range is below the curve

© 2003 Welding Technology Corporation. 23



Networking Results

WTC Networks fit in customer’s plants

|
Routers are used to Plant EtherNet

contain the Ethernet traffic
to the local area.

Zone RS1 Router

G =i El < arwrcootrds series are
= e acopcddle to connedt to network

oy systems.

The Cell switch provide s the |P address to the |
device based onthe port connection

[
' C ell A Swite i ‘

Ethert et IF EtherMet IF EtherbetIP
Ml il el d 4000 he diif e ld 4000 Robot

EherNetIP f
PLC Etherlet I : ) )
Fobat Ethert et IP Web Display Device
Medi eld 4000
The Wieb Cis play SR
In Robatic welding, the weld control De“ige PECITR S Loty EtherNet DEF
communicates to the rabat for O through ca::blﬁ;t:’;f':rrrh:':feld
EtherMNetlP; for machine welding to the PLC. control, The EtherNet DEF will
icate ower the

EtherM et to display the
weld control status
Thezerial DEP alloms fand allow
OMEso o ne programming).
programming without
us e of the EtherN et
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& ™. |ndustrial Technical Services

.

24/ 7 Toll-Free Service Hotline
1-877-982-7378

Process Application Assistance

Product Support Assistance .
Training Classes: On-site or WTC Training Centers State-of-the-Art Rls|: AT
Centers ond serviaess

Service Repair Technicians

The Poucer of Blue.

Authorized Service Partnerships

Field Engineering Services  Technical Training Services @

25
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