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PSQ 6000: Advanced Quality Assurance in Spot Welding

= Requirements to Welding Control
F, BH AR 2 ) 75 2

= New Regulators: #1277 =
- Ultrasonic Regulator USR
R B R G

= - Voltage-Current Regulator UIR
(ERVIE ST E S

= PSQ6000: Components, Benefits
PSQ6000: #x%, &4f4b

= Function of Ul Regulator, Software BQR
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Requirements from Car Body Shop

= Better crash stability = Reduction of weight
Fill 38 ) et S PR 2R DRGSR
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Requirements from Car Body Shop:
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Utilzation of New Steel Material i #4£L 1§ FH

Weichstahle  Konventionelle
hoherfeste Stahle

sl ( HS S) . HSS
Multiphasenstahle AHSS
B | s | s
5 4071 TRIP
<
2
2 37 isotrope Stihle
S Héherfeste IF-Stihle
% 50 § Bake-hardening Stinle
5 Kohle-Mangan Stahle
(51 Mikrolegierte Stihle
107 Dual-Phase-Stihle
TRIP-Stihle
5 Partiell martensitische Stihle )
0 200 400 600 800 1000 1200

Zugfestigkeit [MPa]

aus: Tagungsband SLV-Tagung 2004 ,, Treffpunkt Widerstandsschweiflen*, S.139

High Strength Steel
Advanced High Strength Steel
High Strength Low Alloy

Transformation Induced Plasticity

Referat: Optimierung der Gebrauchseigenschaften von punktgeschweillten Verbindungen an hoherfesten Multiphasenstihlen
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Higher demand to current regulator due to: 5 /5 [ B kg B2 A B E K
= Utilization of high-strength steel {5 5 5% 44tk

= Smaller tolerance band for weld parameters 2y Z= 77 5 7)s

= Fitting problems due to higher rigidity of material 2&#ic A4t

= Bad testability £ I #fi &k

= Higher wear of electrode tips and gun 5 k11 H 4% 5 451

= Requirement of easier setup of the line ;& ¥ % &) i) 2 2%
= Adaptive regulator & W i 3%

= Quality of material varies, due to global purchasing#t %} 1% 7> & 7=
= Utilization of new coatings/# H # HiR =
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= Complex construction of car bodyZE 5 45458 2= K K1 i
= Utilization of high-strength steel{i# F & 5 B2 4N
= More complicated welding guns, no standards.
258 53 2% B A F AR AT AR A
= Emphasis on weld proces (till now automation of welding equipment)
= Cope with high-strength steel E4E 15422 5 50 4N
= Assurance of weld quality /&4 R 542 it =
= Utilization of servoguns/ifi F fal A S5 46
= Evaluation of welding parameters and optimization as service

TERASBESH

= Partly substitution of resistance welding by other joining technologies
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New Regulators: Requirementsii i i 245 X

Extended operation range for more stable process

¥ RIERSHGEE

= Simpler operation (less parameters, integration in BOS6000)
BAER B

= Cope with new steel materials that are used in the car body shop

=  Cope with disturbances
EE MR

= Supervise the weld quality by parameters
R R

= New regulators must be retrofitted in inverters PSI 6000

7] LT PSI600033: 4T 2%
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" New Regulators:
B A AR S
- Ultrasonic Regulator USRI = ik 1 44
- Voltage-Current Regulator UIRTE T 2 i 2%
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I 0 S 6 AL B (1B O BT ER , A 58 15 R AT B R

Regulation of Primary Secondary
Current Current
= o
— \V
KSR

Weld Timer

No automatical
compensation of:

- Shunting effect

- Electrode wear

- Variation of surface
and material quality
(coating, glue,
number of sheets,
thickness)

- Variation of
electrode force

=> Little information about the welding processa] ¥ [543 i &1 &
=> Only regulation and monitoring of energy input in the welding circuit
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PLAE: USIE A A Ul {HIT) R 5

LA P] OSF S AT AR %, IR R R ) 2 P sl DR = AT A2
Measurement of  Primary OR Secondary AND Process parameter:

Current Current USR UIR

— o+ § |

Weld Timer [ > v
g VTN
s W

=> Comprehensive information about the welding process
=> Supervision of process parameter, disturbances are compensated
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Plug-in Control Board XQR
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USRI F I
Measure | Supervision Control

Al

Measure | Supervision Control
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PSQ 6000: USR5 i 20 B,

Regulator Board$ &ix
XQR

S

A Software
A BQR
USE (BOS6000)
NEXUM

CANE £ 2k
CAN Bus Cable

(ERE e T
UDM
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® Independent parameter for spot growth i 7 5 35545 4% 5 K :
ultrasonic transmission

® Direct comparision between 138 T 2 F2 M 2 fMESEFR 1R %
HESRIE KA

commanded and actual value during the welding process
® Disturbances are compensated automatically 5 3 #MZ3L5))
® Assurance of constant spot diameterffi{f /22 K H iz

® Online documentation of measured values?E 2% 72 E40{E
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PSQ 6000: UIR{E L2 [114H Bk

Regulator Board$ &ix
XQR

S

%A Software
BQR
—

—

f& 12 i 45 Sensor Cable (BOS 6000)
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® No separate sensors required
ANEL TG AL KA
® Simple setting and operation
] B ) 22 S A i
@® Variation of current and weld time during the welding process
PR3 T Z Al LLE 320 JE ] TR AT FEL I
® Disturbances are compensated automatically
B B #MEIE B ILB R R
® Online documentation of measured curves

TR Al L & 25
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m=) Valuation spot diameter
==) Control of spot diameter
== Documentation weld quality
= Analysis by PC (external)
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Bosch Group

UIR

—] T
mm) Good / Bad Validation | 7l i35 15 &

==) Analysis by PC (external) ] L. F 435
LI REAT 407

+ Signal processor UDM
+ Ultrasonic sensors USE

* Visualisation of the melting
process

« Ultrasonic adaptive controller

+ Voltage tap

* Visualisation of U-, I-, R-curves

* Ul/l-controller

+ Regulator Board XQR

PSI1 6000

« Constant current regulation

» Supervision of current and force
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Function of Ul Regulator{& I)) 2 i) T fig

B FEAEESHC
Current
1.) I B IR LR
A
2.) Voltage drop on electrodesix 2k H &
= Secondary voltage at gun arms

Secondary
Voltage

=> Dynamical resistance during weld
is calculated from process parameters
current and voltage. )7 H# FH I &

=> Energy balance of weld spot
is calculated. 57 M5 5 1 BE &7

Current / Resistance
Curves
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PR B RR
| |

fei A7

current / voltage / resistance 2k

I5 #ZMonitoring
Compare the actual

curve with the reference

Regulationifi#X
by variation of current
and weld time
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B Regulation Features used:

o Bl

1.) Energy Balanceft & P47 :
When the variation of weld time is activated, the regulator secures the actual

spot to be welded with at least the energy of the reference spot:
Eact >= Erer

2.) Spatter Compensation &k M:
Spatters are detected. The loss of liquid material will be compensated by
extending the weld time.

3.) Compensation of Disturbances/.5)j X 25 #Mx:
The deviation of process parameters from the reference, caused by
disturbances, is detected. Disturbances will be compensated by variation of
current and weld time.
The value of variation depends on the type of disturbance.
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4.) Operation in the Contact Phase:
At the start of the weld contact problems can occure, due to e.g.:
- polluted tip surface
- bad fitting of parts
- polluted sheet surface
- glue between the sheets
The Ul regulator detects the delayed begin of the weld, caused by contact
problems and compensates it by extending the weld time.

B Summary:
The Ul Regulator is active during the whole weld.
The process parameters are monitored from the begin to the end of the weld
time.
The dynamical curves are analized contineousely and in case of deviations,
appropriate actions will be taken.
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UIR: {HI)RAMEHI TS

AR NG paz iy MR Bk

AR B 5% < e KRS AR
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Example 1: Glue between the sheets; Test A (160msec; 7,8kA; 2,5kN)

- ~_ Glue is burned off Weld time is extended |

a00o

Current/ A
Resistance / mOhm

0 20 40 £l B0 100 120 140 160 180
Weld Time / msec

I Iact Iref Ract Rref
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Example 2: Different coating; Test E ((50)280msec; (2,0)6,5kA; 3kN)

(2nd sheet DC04elo. zinc-coated instead of TRIP700)

8000

7000

G000

000

Current/ A

4000

3000

2000

1000

P i Y,

R TN, AM'.F"‘-—U"M

s

m—1

“QQ;.:_\{::

]

1 4

+ 1.2

T 08

i

+ 04

- 0,2

Resistance / mOhm

0 50 100 150 200 250
Weld Time / msec

| I act I ref Ract Rref
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Example 3: Bad fitting of sheets with spatter; Test B (200/600msec; 2/10,2kA; 5,2kN)
(2nd spot on test strip)

12000

10000 +

Weld time
iIs extended

3

Current/ A
Resistance / mOhm

4000 1%

Spafter

Weld Time / msec

Iact

Iref — Ract_ F'{ref|
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FH 310 BQR for PSQ 6000

& |UI-fUS-regulator, wersion 3.0.6 01/17/2005 10:00 AM

File Parameters Wiew Tools ? - Single SOftware for
EETE
UIR and USR

[

Ul-/US-Regulation User Interface

~Actions

{De)activate measuring (global and program)

Reference curve

2

Set parameters

{De)activate regulation {global and program)

Show regulated curve

VA

[lcom1 31.01.2005 14:31
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H ¥ 10 BQR: General Parameters

= Gemeral parameters - "H.
—
General parameters 1 Global operation
SR UIR Settings for
e x E Measuring on n ¥ al | eleCtrOd eS
Regulation on r ¥ and prog rams
Monitoring on [~ [
\
Cancel

/ \

Reaction of the regulator Activation of measurement,
in case of spatter: regulation and monitoring
+/- % current for USR ands UIR
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H F#: 10 BQR: Program Parameters

. Program parameters (measuring and regulation parameters)

File
(fﬁeasuring parameters Program number
USR UIR
ERshianlon) r " Ul regulation active Select program | I 1 j
Measurement
YWelding time prolongation on v
\ / ~Yalues /
N 4 Expulsion c:l:lunter/ I 0 Re u I ation
) — g
(Regulﬁtinn parameters \
USR UIR
Requlation on I I3

Max. PWM raise % I 50

Max. P¥M reduction % I 25

@

Settings for
\ Y, s || single programs

*—(

Limits of current variation + /- %  with / without prolongation of weld time

I
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H /¥ 10 BQR: UIR Parameters

%, Program parameters (measuring and controller parameters) @
File

Program number

ez | | Settings for

single programs

~Prolongation of welding time

maximum Hi

Max. prolongation
of weld time

~Period Il

| Start of
regulation
(will be calculated
automatically)

Cancel
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H #1100 BQR: UIR Curves

e ey 1 ' ™

N = EX fobvy i=1ma P = E57 pllar
&
 swp |
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® Comprehensive system of quality assurance
A1 P E R R R ST

® Provides an analysis of the spot weld process
eIk ey e i T i)

® Allows an optimization of the welding parameters
R T2

® Provides quality assurance in operation
S L S 2 ) ot DR UE

® Regulator board can be retrofitted in all PSI 6000 controls
m] LAEPSI 6000 #7447 il ds L EAT T+



