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Overview
Resistance Welding Heat Generation

MeEdiAMe 2 &

Heat Is generated by passing an electrical current through the
parts (22 STAIZL AIZ AIOIS BEIt SDIotH A 2 )

Heat(2) = (12X R X t)/A |

Where:

I=Weld Current(2&& &)

R=Part Electrical Resistance ()
(ANZ2 EI|H X &h

t=Time(E& Al 2}

A=Electrode Area(& =229 &tHXA)
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Overview
Basic Resistance Welding System

(HEt2& ol J|=2 AlAH)
VYWeld Current (28 & F)

Y Time (Al al') M e/ HE (2% @FOI‘CG

Low \Voltage/
High Current
Secondary

O+ A Z¢2t0l

Transformer

NN Equreen.

World Leader in Precision Metals Joining



Overview

Common Part Geometries (Al 2 BHXI)

i B m
W L]

Flat.  Round  Round  Projection
[Flat
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Overview

Electrode Configurations (& = ti &)

Opposed Step Weld Series Welc
(Direct) (Indirect) (Parallel Gap)
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Overview
Process Optimization (== xi- 2 s
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Overview
Major Resistance Welding Variables

(NSEE2 =R B+5)

Materials
&

N Equree.
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Electrode

1. Material Choice (&= &)

2. Positioning & Set-up (&= < XIZ 8 X)
3. Geometry Issues (& = & 4f)

4. Cleaning (&8 = &2&)

5. Current Shunting (& & = &)

A\ T
S EquiphENT.
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1. Material Choice Electrode

Resistance Categories (&l 25t £5)

0O Conductive(& &= &):
Silver(Ag,<), Copper(Cu,—2l), Gold(Au, =),
Aluminum(Al, & £ 0| &)

O Middle: (B8 & & = BHHEHE)
Brass

O Resistive(M & &):
Molybdenum(Mo, = 2| E El),
Tungsten(W,& A8, Platinum(Pt,88 3),
Steel(&), Nickel(Ni,L| &), Titanium(Ti,El El =)

NN Equeen. 12
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1. Material Choice Electrode

Electrode Material Choice (== m=eol ce)
Rule of Opposites 4z st = nag

eConductive electrodes against resistive parts.
(HEte S2SHs MEs 20| M)
e Resistive electrodes against conductive parts.

HNENH 2EZ=)se Had 820 ®ah

Lo T O o U

(Note: Aluminum and Beryllium Copper both break the rule!)
(2 F0/=4 HIE & Copper= & #EE0/ 012/ 0/ L))

NN Equeen.
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1. Material Choice

Thermally Resistive Parts (2 &4 23)

Electrically and thermally
resistive parts
(HI1H, 2X Hatd 22)

L] Internal heat generation (Li & 2 44)

1 Conductive (copper)
electrodes on resistive

parts (steel)

(Med AN=zlled=d 8=0] A

0]

)

NN Equeen.
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Electrode

Copper
Electrode

Steel

Steel

Copper

Electrode
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1. Material Choice Electrode

Thermally Conductive Parts (2 &4 £3)
Moly

Electrically and thermally Electrode

conductive parts

(MIIH, EHMEL B

[1 External heat generation(2l & & 244)
[]1 Resistive (moly) electrodes on

conductive parts (copper)

(HEed AZ20=e detd 8=0] &)

Moly
Electrode

NN Equeen.
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1. Material Choice Electrode

Thermally Mixed Parts (2 &8 £3)

Copper
Resistive and conductive parts Electrode
(HEtH & MEN 2Z Steel

[0 Combination of internal and external
heat generation (2/ 22 L 2o =&

1 Conductive electrodes(copper) on
resistive part (steel)
(Metd A&l dd 83)
[1 Resistive electrode (moly) on
conductive part (copper) Copper

(A=Y ABRNE HEY W) Moly

Electrode
\\‘ ”g:lﬁl(ﬂENT 16
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1. Material Choice Electrode

U

Electrode type (2= =8)

Material Description Conductivity | Hardness
(A 4) (& (=& (Rockwell)
(4 %)
Glidcop AL-15 Dispersion Strengthened 92% 68B
Copper (0.15% Al Oxide)
2273 72
RWMA 2 Copper Chromium 85% 83B
T2+ 3F
RWMA 3 Copper Cobalt Beryllium 48% 100B
T2 + ILE + ¥ F
RWMA 11 Copper Tungsten 46% 99B
77 + 2w
RWMA 13 Tungsten 32% 70A
1= a5 |
RWMA 14 Molybdenum 31% 90B
=8B d

NN Equeen.
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2. Electrode Positioning & Set-up Electrode

Good!
Center Electrodes
over parts \/

(S0l IXIet8MI) =

No expulsion ‘

(H0l _LCH

Bad!
Position electrodes V

over edge

HE Al /IXet =)= ‘
Expulsion!

(HEO0| M2ICH

NN Equeen.
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2. Electrode Positioning & Set-up  Electrode

Good!
Full area contact (8 H & %) M
| I Controlled gap (M0 € 2t=2)

Perpendicular (=2 8XI)

1
Angled to parts (222t 2+

NO
No gap control (2t HO £

NN Equeen.
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3. Electrode Geometry Issues Electrode

AVOI int i
Use (t:'o n(sjtar)t tip%gs?gon ed Avoid long
area tip design -
(2 D_E = Ting%) (=8t Tip I8 narrow tips

(501 &1 2 Ti
)
. <

Electrode face after cleaning(cieaning = = m o).
- No change
In heating

Increasing area(® = 2 SJt) =
colder weld(¢ & 2u)
(20 2st Het 8L E)
\\‘ UNITEK
o EQUIPMENT.
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4. Cleaning

Electrode

Electrode Cleaning Issues (& = Cleaning2l F0+&)

NN Equeen.
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Use #600 or finer silicon carbide paper
(#600 or &/ 2|2 ItBtO0I = paper AHE)
Use light electrode force

(e

o

&3 oS AFE)
Pull grit paper in one direction only

(2=

rot

a0 Z paperE &0t &)
Replace electrode when tip 1s less than 1.5mm (.062”)

long

(TipSl 20017} 1.5mmE T ZOFKI 8 &= A



W

5. Current Shuntin Electrode

UNITEK

Parallel Gap or Series Weld

0.15mm
Top Part
Max o \ 2 .25mm
) / @) i
Q)
Te——
T Bottom Part Bottom Part T
[J Limited to 0.15mm(.006in) thickness [0 Weld current does not reach bottom part
(0.15mm SN Z M8 (2 XFIt ot & AMENK SL6HA REHCH
[J Thinner top part provides more control [] Increasing the weld current causes the top
(A= AIBIL S == =0l HLH part to blow out

(BE MBS ZIIE 9= A2 520)

EQUIPMENT.

World Leader in Precision Metals Joining

22



5. Current Shunting Electrode

Bad fixture design causes weld current shunting

(RRE LH XS 8X MBS 24 AIZITH

L O g —TT1T

Insulator

/

Aluminum

=

opper
Four current paths(4Ji2 88 S2) = One current path(8t 2l MF S2) =
Inconsistent welds (2 & X 22 &) Consistent welds (2 2 & %)

NN Equeen.
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Weld Force

2 X J/0F2I 0] = O A O

=/ — D L1 o =
2&5C9 55




Weld Force

1. Weld force affects
g8 It o AEh

2. \Weld head function
(EHHE2 J|S)

3. Weld head actuation

=dol=2 &

NN Equeen.



1. Weld Force Affect Weld Force

Contact Resistance (&= M &)

Low Force Causes High Force Reduces
High Contact Resistance Contact Resistance
M2 ot == Jt& 4
o XM=TIS g=skgs &4
=2 HEN S 1 |
N—
/’\

A\
 EQUIPMENT.

World Leader n Metals Joining

26



1. Weld Force Affect Weld Force

Ideal Force Firing (Ol & &0l D& 15)
L ECTRODE Heat = (Ix R x t)/A
FINAL FORCE FITEE Force --> Resistance

10.5 LH\\
HHIHEﬁ’l;'

10 LB
WELD CURRENT

150 mSec
SOLIEETE

-~
~
-
-
-
-
-
-
-
-
-
-~
-~

TIME
UNITEK
\\‘ QUIPMENT. 27
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1. Weld Force Affect Weld Force

Poor Weld Force Control (ga Jteraiol 2t x

aIO

g=ye)

Wide variations in weld strength
S ZE X01JFAAH )
Excessive part deformation
(B & 2 HE)

Weld splash

(AT 2 AH)

Reduced electrode life
(=2 &Y o=
Inconsistent weld heat
(S13lctE&d & &)

NN Equeen.
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1. Weld Force Affect Weld Force

Electrode Force vs. Time
Before and After EZ-AIr:

Force
Force
e

NN Equeen.
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2. Weld Head Function Weld Force
Weld Head Actions (E& ol =2 & =Al)

Oxides Heatlng
(AFSHOE T H) (2= € Jte)

& -

1’

@ Cooling

(2

® Rapid
Melting

i SRO
=H/ o8

NN Equeen.
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3. Weld Head Actuation Weld Force

Weld Head Actuation Methods(2 &3 E = s gt)

O Manual (&=s4!

=>»Foot Pedal & Coll Spring
(up He g 3L J\Eal)

O Pneumatic (24l
= Direct Air (2 &
=>»Coll Spring (=2

O Electro Magnetic (& xtJ14)

X
—/
ol
=

NN Equeen.
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3. Weld Head Actuation Weld Force

Direct Pneumatic Drive

Pneumatic cylinder

=
—

Electrode holder with flexure

Lower electrode holder

W Ugﬁtﬁ'lﬁmﬂr@ 32
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3. Weld Head Actuation Weld Force
Spring actuated head

Indexing nut

Closing cylinder Spring house with

adjustable spring

Stand Q‘:D
\

Rebound spring |

Limit switch
Guiding rod

Guiding ——— | Electrode holder

e

Flexure —]

NN Equeen.
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3. Weld Head Actuation Weld Force

Electro-magnetic, Linear Actuated

Closed Loop

Electronic
Force and
Displacement
Control

A\
S EquiphENT.

Leader i

Displacement
Sensor

Magnetic
Coll

34



Weld Force

S Y| )

3. Weld Head Actuation

Comparison(& &

Coil Spring
Direct Air
Drive

NN Equeen.

@ Best
®  Marginal
Linear Magnetic
Actuator

O Worst

35



3. Weld Head Actuation Weld Force

|deal Weld Head (o1&t =0l & 5 E)

O No Impact Force (52 ot= S10{0f &)
O No Over-force (ZICHst 6= L0 0F &)

O Force Fired Weld Current (ot &2 1 S A
O Infinite Weld Current Capacity (2stst 8 88 &)

O Perfect Electrode Follow-up (228t &= S& &)

O Force and Displacement Monitoring (ot= 2] 0l S 221 Jts)

NN Equeen.
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Controller

Controller

1. Power Supplies (8 & & & X)

2. Closed Loop & Feedback
(£8l 3|2 & | =X

3. Process Tool (APC, Energy Limit, etc.)

NN Equeen.



1. Power Supplies Controller

Technologies:
1.1.Capacitor Discharge (CD) V\

CGHIHAIE 2 &) “ ~
1.2.Direct Energy (A.C.) /\
EXIEN) | V

1.3.High Frequency Inverter (HF) ] g
(D=1 e H) R
1.4.Linear / Transistorized DC
(848 | EBHXAH DC) L \

UNITEK
\\‘ EQUIPMENT, 39



1. Power Supplies Controller

1.1.Capacitive Discharge (CD) GHIHA & 2t &)
/—On/Off Valve = Energy Control (04Xl Xl 01)

< = ——

Bucket Size =

Total Energy _ : :
(o 371== oj4x) Time Control in Pulse Widths

Energy Control in Watt-Sec
(ML BA Zoz IX)

(0l 4 Xl = Watt-secE2 £ &
W\

1
I
I
I
I
Fill Rate
'\ |
I

Typical Output:

CLEETIEL)

Dumping Time =
Pulse Width

(BN AIZF=8BA =

UNITEK
“Nﬁﬂmmmmn 40
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1. Power Supplies

1.1. Capacitor Discharge (CD) sl &

Power Supply

Pulse
Transformer

Controller

A

NS

Weld Head

SCR Circuit
—1 + SK
£
=
o
| =z
20
S Cap
= Bank
U —

|

NN Equeen.
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1. Power Supplies

1.1.Capacitive Discharge (CD)
Welding Characteristics (2& S4)

[0 Stores energy prior to weld (&= 0lHXIE &0l 0|1 2)

[0 Time control uses different fixed pulse widths
(AlIZ2F HIl= 0[0] AI&EE BEA = 0| &8)
[0 Weld energy is independent of line voltage changes

(BF HUXS YS(A) MU S50 HeFS LA =l
- Fast rise time with high peak current.
(ZIUIXI & F g0l 3H ASAIZH0l 2L

- Good for welding conductive parts (8 =4
\\‘ UNITEK
» EQUIPMENT

World Leader in Precision Metals Joining
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1. Power Supplies Controller

1.2. Direct Energy (AC)

ON/OFF Valve = Time Control and Flow Control

Unregulated

Regulated
Water Elow Water Flow
Regulated

Unregulated
Weld
Current

Weld Current

Pipe Size = Total Heat Capacity
oolE3l| =& €

Typical

UMITEK  Output
\\‘ QUIPMENT. 43
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1. Power Supplies

1.2. Direct Energy (AC) al2= A

Power Supply

Triac

Timer

Controller

V

Welding

Transformer Weld Head

v

X

Taps

4

|

NN Equeen.
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1. Power Supplies Controller

1.2.Direct Energy (AC)
Welding Characteristics (2& §4)

1 Immediate weld energy use (Z52& 0l & 0l Xl AIE)
1 Time control uses line voltage cycles
(AMIEE2 S (A E)J LS FIIE 018)

[0 Weld energy can be sensitive to line voltage changes

(EE U= 5 (¢2) dg2 BHatll Mk Hg == UL

General purpose welder with high energy output.

(LEEE Y == A= LEHFQ SEHI| 0l AHE)

NN Equeen.
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1. Power Supplies Controller

1.3.High Frequency Inverter (HFDC)

Constant Voltage (CV)
= Water Pressure

Constant Current (Cl)
= Water Flow

Constant Power (CP)
CP=CVxCI
= Nozzle Thrust

Typical
Output

(e &)

NN Equeen.
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1. Power Supplies Controller

1.3. High Frequency Inverter 3|2 &

1- 25 kHz
Power Supply PDDDJ:L
Feecback [~ Welding Weld Head
Transformer
@+
o] I ) I LW
NN Equeen. 47



1. Power Supplies Controller

1.3.High Frequency Inverter (231t Inverter)
Advanced Functions (2 £ J|sE):

O Multiple Control Modes: Current, Voltage, or Power
(s 25 8%, d& or & &)

O Time control in 0.1 millisecond increments
(0.1 L 2| = OtCH AIZF =8)

O Close Loop & Feedback Mode (28 X & I|E8 R E)

O Precision Time Control (2 st Al2H X&)

0

O Accurate Pulse Shaping (2

NN Equeen.
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1. Power Supplies

Controller

Capability vs. Optimal Range (&

s. X M3t HP)

—
o

TYPICAL MATERIALS:

Resistive: Molybdenum, Tungsten, Zinc, Nickel, Platinum, Tin, Tantalum, Steel,
Titanium, MP35N, Nichrome

Conductive: Silver, Copper, Gold,
Aluminum, Brass

Size of ROUND PART SIZES 4 Larger part sizes may be possible :>

S|r3n'a"er Part * under certain conditions.

(Diameter) .0002” .018” .036” .054” .072” .090”

.005 mm 0.46 mm 0.91 mm 1.37 mm 1.83 mm 2.29 mm
| [ | [ | | \1>
- - ) —
HE m > N

AT carr— > ==’

AvAcclllllﬁ>l__>

.010” .020”

.001” .030”
Size of 025 mm 0.25 mm 0.51 mm 0.76 mm
Smaller Part
(Thickness) FLAT PART SIZES i

.050”
1.27 mm

=

.040”
1.02 mm

Larger part sizes may be possible
under certain conditions.

UNITEK

\\‘c»a EQUIPMENT.
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1. Power Supplies Controller

Specification Comparison (A H| 1) )

Closed Loop: Open Loop:
DC HF CD AC
115V; 230V 240V; 400V; 480V 115V; 230V 115V; 230V; 460V
Input Power Single Phase Three Phase Single Phase Single Phase
Output Range 5-4000 Amps 50-4000 Amps Up to 875 WS Up to 16 KVA
Feedback Modes IV, &P LV, &P N/A (Open Loop) N/A (Open Loop)
Feedback Rate >10 micro-sec 40-250 micro-sec N/A (Open Loop) N/A (Open Loop)
Weld Monitoring Built-inl,V, & P Built-in & Sentry Sentry Option Sentry Option
Time Control in: .01 msec steps 0.1 msec steps Pulse Widths Line Cycles

Repetition

Rate / /‘/ /I/ /I/
Equipment

Cost / / / /

Fine energy control, Best automation L : General purpose
Application and Use | smooth waveform. supply. Extends Efgﬁ ggg;'&i;’gﬁ? control with high
Notes Best choice for electrode life. Good for welding energy output.
welding fine wires | Welds wide range of conductive parts Longer weld times
& foils. applications. parts. useful for brazing.

UNITEK
\\‘ EQUIPMENT. 50
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2. Closed Loop & Feedback

Power Supply

<

Controller

Feedback | [

Welding
Transformer

&y

Weld Head

-
1o

0

NN Equeen.
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2. Closed Loop & Feedback Controller
2.1.Controlled Heating Rate (Upslope)

- If too much energy is applied before the electrodes have a
chance to seat properly, energy will be wasted at electrode to part
contact area. (=0 &H &= ED] M0l R H2 WX E2==CHH
HUuXl= &30 232 ES HUHAH 22(A210 3 224) 2 J0[C0)

- Without controlled upslope can result in (Upslope ${S Ml LIEILI= & Ah:

O Expulsion (2 &
Electrode Sticking Heat

O
(B20| BRAIZ0 220 Affected
O Excessive Marking Zone
(Ut E2&E A=)
O Weak Welds (28t &)
N\ UNITEK 5

» EQUIPMENT.
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2. Closed Loop & Feedback Controller
2.2 Feedback Modes

1) Constant Current Weld Heat = (I’R) x t x K
2) Constant Voltage = (V)/R) xtx K
3) Constant Power =(IxV)xtxK

O Selection based (8% 2H)
- R (resistance) and K (thermal factor) during welding
S HEgu & agt Het 72

- Part and process challenge (228 A2 & &)

A\ T 53

» EQUIPMENT
der in Precision Metals Joining
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2. Closed Loop & Feedback Controller

Total Work Piece Resistance (R) =
Bulk + Contact Resistance (= + &= X &)

Bulk Resistance Contact Resistance
CSESISEED (= Mg
RBl _R
C1
Rg, " -
- C2
RB3 > o
— I\c3
?84

W "gllﬁl(ﬁm@ 34
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2. Closed Loop & Feedback Controller

Thermal Factor (K) (2 & af2)

Heat Sinks(Z 9| 2f3}): _
Note: Greater Heat Sinks
VParts Decrease the Value of K In
the Formula
VElectrodes
o 2B AN ABtHOR
Y Tooling KDFO' A= erlr)
1\ /V
— ~—
& S—

UNITEK
\\‘ EQUIPMENT. 55
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2. Closed Loop & Feedback

Controller

Feedback |R & K Part Challenges Process Challenges
Mode
Constant |Both Flat Parts
Current | consistent Thickness
Inconsistencies
Wireweld.
Constant | Both change |Non flat Part Misplacement
Voltage Projections Varying Overlap
Varying gap Inconsistent Force
Mushroomed Electrodes
Constant |R: change Surface Roughness | Oxidized Electrodes
Power K: Consistent |Plating Automated Systems

Inconsistencies
Oxidized Parts
Contamination

NN Equeen.
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2. Closed Loop & Feedback Controller

Q=(I2R) xt-K

Constant Current

O R and K are controlled and
consistent (R 2t K gf £ &)

O Flat parts where the part-to-part
and electrode-to-part contact is
consistent (ZZst 28Alg & &M3)

O Force control is critical

(EE IS0 < =2R)

W "gllﬁl(ﬁm@ 57
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2. Closed Loop & Feedback Controller

Constant Current Applications (2& & 28)

Good for 70 - 75% of all applications! (70~75% application 0l Al AlS)
Small variations in thickness (M2l &350 = CH

Part-to-part contact or electrode-to-part contact is consistent
(AN2AANZFE L= 2D A2 FE0| M2 LA)

Simpler to set up and install (& X1Y & T2 X0 2+

O OO0

Same
o Weld

Equal
'I Weld li
Strength
\\‘ UNITEK
o EQUIPMENT.

World Leader in Precision Metals Joining

Voltage Current
Signal V/ y/

58



2. Closed Loop & Feedback Controller
Constant Current Applications : Wire Weld

Three Stages of Heat Generation (3&HH| & &5 A4):

Beginning of Weld High Wires Deform Parts Melt
Contact Resistance Reduced Contact Resistance Severe Resistance Drop

UNITEK
W EQUIPMENT. 59
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2. Closed Loop & Feedback Controller

Constant Current Applications : Wire Weld

Use Constant Current with Upslope:

Upslope addresses the high contact
resistance in the beginning of the weld.
Constant Current addresses the severe
resistance drop in the end of the weld.

Upslope Constant Current (kKA)

UNITEK
NN Equeen. 60

Leader i



2. Closed Loop & Feedback Controller

Constant Voltage ! @

Q=(V2R)xt-K R)

>

\ O R and K both increase or
decrease. (R 2} K ECt B3
S O non-flat parts (projections)
O to compensate for part
/ misplacement and force
problems. (2& A2 2 X 2
otesE 2HE 246t=d)

W "gllﬁl(ﬁm@ 61
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2. Closed Loop & Feedback Controller

Constant Voltage Applications (&g 22)

- Prevent blow-out when welding parts with small contact areas (large R)

(RS HEUN(SXE) 02 PES BHY [ A 0|2

- Compensate for inconsistencies in part-to-part and electrode-to-part contact area

(PS4 RS2 AL d=} 232 EF HEHNA =Xt = 22)

Non-flat parts

.-—
Voltage \_/
Feedback
Signal
Projections
.-—- J

NN Equeen.
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2. Closed Loop & Feedback Controller

Constant Voltage Applications [ 1
I
Both resistance (R)
and heat sinking (K) Part |
are affected. Misplacement Varymg
RIKIUZE DE H&S Overlap

2t =L} D
— LJ C ]
Inconsistent Mushroomed

UNITEK
\\V EQUIPMENT. Force Electrodes g3




2. Closed Loop & Feedback Controller

Constant Voltage Applications
Both (R) and (K) are affected by varying gap.

(RUKSE 25 2HAHC] BHgl( 2t et= &=L0)

L —/ — L. O o =2 C —

UNITEK
NN Equeen. 64
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2. Closed Loop & Feedback Controller

Constant Power
Q=(IxV)xt-K

O For applications where R
\ changes from weld to weld,

where K ( affected by both
S part plac_ement and force)
are consistent.
/ (R2 HiotLl K= )

UNITEK
W EQUIPMENT. 65
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2. Closed Loop & Feedback Controller
Constant Power Application

Surface
Surface conditions Roughness
affect contact
resistance (R), but Plating [
do not affect heat Inconsistencies -
sinking (K).
(B8 ANZ2 5 AlEll=
ROj=srS =1} Oxidized Parts |
K= S&s =X Z=0) I —

W Ugﬁtﬁ'lﬁmﬂr@ 66
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2. Closed Loop & Feedback Controller

Constant Power Application

Automated Systems Oxidized Electrodes

IHESE CONEIIGNRS
aliecrcontact
[esistance (R); Ul
doe et alfect heat
sinking (K.

////1/7, C— W
...... 6 7
o EQUIPMENT.
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3. Process Tool Controller
Weld Monitoring

oGraphic waveform traces (12 IS 2 H)
O Easy set limits with programmable action (Z2 &gt & YN 2 & F)

O Simple, dynamic weld information for process understanding and
diagnostics (& OloH 2t &GS |Iet 2tHot D S&Ho 88 §8)

~

MONITOR 1.232V Peak 1. 738l

NN Equeen.
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Controller

3. Process Tool

i1l |
1.1
=
o
=
=7

Pre Weld Check

—

v
Kt

zI
010

)
ol
o

oln
Kir
KD
o)
KO

—
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3. Process Tool Controller

Active Part Conditioner (APC)

First Pulse Second Pulse
Constant Power Constant voltage, current or power

Voltage Waveform Current Waveform
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3. Process Tool Controller
Active Part Conditioner (APC)
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Advantages:

m Compensates for material
conditions EZAI22 AES 24

m Prevents weld splash & Al &=
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3. Process Tool Controller

SPC Datacom

(Statistical Process Control)

O Windows based software
O Data logging and storage of weld history records

O Remote programming capability and weld
schedule library

O SPC charts and graphs
O RS-232 : a single contact to a computer
O RS-485 : multiple contact to a computer
UNITEK
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