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controller to S The present invention rel
connection 5 ﬁgtﬁgdpfa}saonnecting an asSefibly of a programabl e R AGED

controller to a bus, - it being possible to connect™ the assenbly
to - cDeBegipbion to the bus at least via a first and a

second supply line and a signal line, 10 - a variable resistor being
arranged in at |east one of the supply lines, which resistor can
be con- Conneepipn meshpdyand kughacesss sdzsudt far,gonngating

an assembly of a programmable logic controller to a bus

The present invention relates to a connection
5 method for connecting an assembly of a programhable logic
controller to a bus,

- it being possible to connect the assembly to
configure it to the bus at least via a firgst and a
second supply line and a signal line,

10 - a variable resistor being arranged in at least one
of the supply lines, which resistor can be con-
trolled to have a high resistance or a low resis-
tance by an evaluation circuit,

- the evaluation circuit controlling the variable

15 resistor to have a high resistance when an assemblY
is not connected to the bus,

and to a bus access circuit for connecting an assembly of

a programmable logic controller to a bus,

- it being possible to connect the assembly to the bus

20 at least via a first and a second supply line and a
signal line,

- there being arranged in at least one of the supply
lines a‘' variable resistor having a control input,
which is qonnectea to an evaluation circuit by means

25 of which the variable resistor can be controlled to
have a high resistance or a low resistance.

The provision of leading contacts in an assembly,
by means of which contacts the power supply contacts can
make contact with a mounting rack before the other

30 contacts of the assembly, is disclosed in EP 0 388 753

Al. In this case, a resistor is arranged in the supply

lines on the assembly, which resistor can be bridged by

a switch. The switch is actuated only when a buffer

capacitor arranged on the assembly
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tance by an evaluation circuit, - the evaluation circuit

the variable 15 resistor to have a high resistance
is not connected to the bus, - and to a bus access circ
connecting arfFRistem(318% a prograntrabl e | ogic controll e

-:. It being possibple to connect the assenbly to the bus 20 at Ieést
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of impermissible feedback to the bus to which the assem-
10 blies are connected during insertion when the assemblies
are functioning properly. If, however, the actual useful
circuit is defective, in particular has a short circuit,
it may happen that the power supply of an entire system
collapses as a result of the insertion of the additional
15 (defective) assembly.

The object of the present invention consists in
obtaining a total system comprising a plurality of
assemblies which ig capable of running even when a
defective  assembly is connected to the total system

20 during operation.

The object is achieved, in the case of a connec-
tion method of the generic type, by means of the follow-
ing steps: |
- when the assembly is connected to the bus, the

25 variable resistor is controllea to have a low resis-
tance,

- after the variable resistor has been controlled to
have a low resistance, there is a wait until a run-
up time has elapéed,

30 - the variable resistor is controlled to have a high
resistance again if a potential present at a test
input of the evaluation c¢ircuit lies outside a

predetermined value range after the run-up time has
elapsed.
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In the case of the bus access circuit of the
generic type, the problem is solved by virtue of the fact
- that the evaluation circuit has a test input by
means of which it is possible to acquire the poten-
5 tial present at the assembly,
- the evaluation circuit is designed in such a way
that it

-- controls the variable resistor to have a high

resistance when an assembly is not connected the
10 busg,

-- controls the wvariable resistor to have a low
resistance when the assembly is connected to the
bus,

-- waits for a run-up time to elapse after the

15 variable resistor has been controlled to have a
low resistance, and '

-- controls the variable resistor to have a high
resistance again if the potential present at the
test input lies outside a predetermined value

20 range after the run-up time has elapsed.
The effect achieved by the measures according to
Claims 2 and 10 is that the assembly is reliably con-
nected to the bus only when all the contacts of the
assembly are connected to the corresponding bus contacts.
25 Impermissible disturbances on the bus are thereby
avoided.
The effect achieved by the measures according to
Claims 3 and 11 is that the assembly is coupled smoothly
to the bus. Feedback to the bus during the coupling of
30 the assembly is thereby reduced even further.
The effect achieved by the measures according to
Claims 4 and 12 is that when a defective assembly is
connected, the signals transmitted wvia the bus are
affected as little as possible.
35 The effect achieved by the measures according to
Claims 5 and 6 and 13 is that the assembly is connected
to the bus in terms of data technology only when
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el ectronic switch are present in this case, too, the 5 electronic swtch

coupling one of the supply Iines directly to the load and the switch
beikng cl osed onlgl vvhen a buffer capacitor has been sufficiently
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10 bus.

According to FIG, 1, a modular programmable logic
controller comprises a power supply assembly 1, a central
processing unit 2 and peripheral assemblies 3. The
peripheral assemblies 3 may be, for example, digital or

15 analog input and/or output assemblies. Furthermore, the
peripheral assemblies 3 may also be hybrid input/output
assemblies or intelligent functional modules. The central
processing unit 2 controls and monitors a technical
process 6, for example a chemical installation or a

20 hydraulic press, vj.a the peripheral assemblies 3.

The central processing unit 2 and the assemblies
3 are for this purpose connected to one another in terms
of data technology via the control bus 4. The central
processing unit 2 and the peripheral assemblies 3 are

25 furthermore supplied with electrical energy via the
supply lines 4', 4". A common earth connection is estab-
lighed via the supply line 4”; the supply line 4’ usually
carries a potential of + 5 volts. The control bus 4 and
supply lines 4', 4" together form the backplane bus 5 of

30 the programmable logic controller. As is evident from
FIG. 1, the backplane bus 5 is divided into individual
bus access circuits 5', which are respectively assigned
to an assembly 2, 3.




The object is achieved, in the case of a connec- tion method of the

generic type, by neans of the follow I ng steps: - when t he
assenbly is the bus, the_3 variable resistor is
control |l ed to&% écﬁ% resis- gt ance, - after the variable

reslstor_has been‘““Bﬂf&léﬁ%tﬁﬁﬁngq$ral Fa §§5ﬁilgw3r§§|sggES§§rBQ§ e is a

wait until a run- e 82 P
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resistance ag@é&fél‘.fexpcgﬂﬁd 1&3&%@%&& #haveShore assemb'i?.‘éts ofgokhe
eval uation circult |es out si predet erm ned val ue ran%e after
the run-up tisamRke 5, 8, 10.. . Furthermore, the contro bus

5 be designed as required. Therefore, the control bus 4 may
be, for example, a serial bus which, in the minimum case,
comprises just one clock line and one data line. However,
the control bus 4 could also be a parallel bus comprising
a multiplicity of address, data and control lines. The

10 lines of the control bus 4 form the signal lines of the
present invention. '

FIG. 2 now shows such a bus access circuit. As is
evident from FIG. 2, the control bus 4 is a serial bus in
the present case. It has five lines 4-1 to 4-5. The line

15 4-1 is a bidirectional data line. The line 4-2 is the
clock line via which the clock signal which is common to
all the assemblies 2, 3 is transmitted. The control lines
4-3 and 4-4 are used to indicate whether a data trans-
mission or an instruction transmission is instantaneously

20 taking place. Via the acknowledgement 1line 4-5, the
assemblies 3 can report to the central processing unit 2
that they have transmitted or received the transmitted
data properly. The lines 4-2 to 4-5 are operated uni-
directionally.

25 In the event of an instruction transmission, the
connected assemblies 3 bridge the data line 4-1 by means
of a switch 7-1 and couple a shift register 7-2 to the
data line 4-1. In the event of a data transmission, the
assemblies 3 evaluate the instruction transmitted last

30 and either loop the shift register 7-2 into the data
line 4-1 or bridge the data line 4-1 by means of the
switch 7-1.

As is evident from FIG. 2, the assembly 2, 3
connected to the bus 5 has an internal circuit 7. In the

35 case of a peripheral assembly 3, the said circuit 7 is
furthermore connected to the technical process 6 via the
process lines 8. In
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data technology via the data contacts 9-la, 9-1b, 10-la
and 10-1b, the clock contacts 9-2 and 10-2, the control
contacts 9-3, 10-3 and 9-4, 10-4 and the acknowledgement
contacts 9-5, 10-5.

The power supply of the assembly 2, 3, on the
other hand, is effected via the supply contacts 9', 9"
and 10', 10". A MOSFET 12 is arranged in the connection
line 11' between the supply line 4' and the supply
contact 10'. The volume resistance of the MOSFET 12 is,
as is known, variable and adjustable within wide limits.
The MOSFET 12 therefore represents the variable resistor
of the present invention. The MOSFET 12 is controlled to
have a high resistance or low resistance by the evalua-
tion circuit 13, which is likewise connected to the
supply lines 4', 4", by applying a corresponding control
signal to the control input of the MOSFET 12.

Furthermore, the plug-in location 10 has a test
contact 14, which is connected directly to the test input
14" of the evaluation circuit 13 and wvia the pull-up
resistor 15 to the supply line 4'. No resistor, neither
fixed nor variable, is arranged in the connection line
11", on the other hand.

The potential present at the supply contact 10',
the potential present at the test contact 14 and the
potential present at the acknowledgement contact 10-5 are
esgsentially fed as input signals to the evaluation
circuit 13. By evaluating these input signals, the
evaluation circuit 13 controls the (bidirectional)
inhibitable drivers 16-la to 16-1d as well as the (like-
wise bidirectional) inhibitable drivers 16-2 to 16-5
which are arranged in the signal connection lines l1ll-1la,
11-1b and 11~-2 to 11-5. The inhibitable
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of this flag M will be explained in more detail later in

10 connection with block 33. Then, according to block 18,

- the signal contacts 10-la, 10-1b and 10-2 to 10-5
are decoupled from the control bus 4 by inhibiting
the drivers 1l6-la, 16-1b and 16-2 to 16-5, and

- the evaluation circuit 13 is coupled to the data

15 line 4-1 by activating the drivers 16-1lc and 16-1d.
Finally, according to block 19, the MOSFET 12 is con-
trolled to have a high resistance by the evaluation
circuit 13.

A check is then made in block 20 to see whether

20 an assembly 2, 3 has been inserted into the plug-in
location 10. This is done by evaluating the potential
present at the test contact 14. If this potential corre-
sponds to the potential of the supply line 4, no assembly
2, 3 has been inserted into the plug-in_location 10. If,

25 on the other hand, an assembly 2, 3 has been inserted
into the plug-in location 10, the test contact 14 is
connected wvia the mating contact 14’ directly to the
supply line 4", with the result that the evaluation
.eircuit 13 can detect the change in potential.

30 If no assembly 2, 3 has been inserted into the
plug-in location 10 (right-hand branch), the flag M is
set to 0 in block 21 and the interrogation in accordance
with block 20 is carried out anew. If, on the other hand,
an assembly 2, 3 has been inserted, an interrogation is

35 made in block 22 to see whether the flag M has the value
0. If this is not the case (right-hand branch), block 20
is carried out again.
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the assembly 2, 3 has been newly :.nserted. In this case,
block 23 is carried out, in accordance with which there
is a wait until a connection time T, has elapsed. After-
wards, block 24 is carried out, in accordance with which
an interrogation is made to see whether the assembly 2,
3 is still inserted in the plug-in location 10. This
interrogation, too, is effected by evaluating the poten-
tial present at the test contact 14. If the assembly 2,
3 is no longer inserted in the plug-in location 10
(right-hand branch), the further coupling of the assembly
2, 3 to the backplane bus 5 is terminated and a return is
made to block 20. Otherwise (lower branch), in accordance
with block 25 the evaluation circuit 13 controls the
MOSFET 12 from a high resistance to a low resistance
during a starting time T,. By virtue of the fact that the
MOSFET 12 is controlled to have a low resistance during
the starting time T, rather than abruptly, the assembly
2, 3 is coupled smoothly to the power supply of the
backplane bus 5.

In accordance with block 26, there is then a wait
until a run-time T, has elapsed. During this time, for
example, the buffer-cai:acitor 7' of the assembly 2, 3 is
charged. After the run-up time T, has elapsed, a check is
made in accordance with block 27 to see whether the
assembly 2, 3 is being properly supplied with power. This
is done by evaluating the potential present at the supply
contact 10'. If the potential present at the supply
contact 10' corresponds approximately to the potential of
the supply line 4', for example deviates by a maximum of
0.5 volt from its potential, this is assessed as proper
coupling of the power supply to the assembly 2, 3. In
this case, the sequence continues with block 28. Other-
wise, block 33 is carried out, in accordance with which
the flag M is set to the value 1, and the sequence
continues with block 18.

The consequence of setting the flag M in block 33
is that blocks 20 and 22 are now continually executed
until the assembly 2, 3 is separated from the plug-in
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D sturbances to the bus traffic are thereby avoi ded.
Further advantgg n tails emerge fromthe foll ow ng description of
an exenpl ary é%bggi%eﬂﬁggnd from5 tha B&rther clains. In the figures:

FI& 1 shows lLar 4 Rr anmabl e 1ogi.c controller, . FILG _2 shows the
connecti on ofigﬁgggggh%qugﬁl?rﬂfeventé]éhe evBLYgtinRafiEcrd i 13 EFRR ol | er
to the bus, ax@peatefl® alterpmtelfre sequence of coupling an assenbly to

the 10 bus. According to FIG 1, a nodul ar
programabl e | ogic controller conprises a power supply assenbly 1, a
central processing unit 2 and peri pheral assenblies 3. The

peri pheral assenblies 3 may be, for exanple, digital or 15 anal og input
and/ or output assenblies. Furthernore, the  peripheral assenblies 3 may
al so be hybrid input/out put assenblies or intelligent functional

nodul es. The central processing unit 2 controls and nonitors a

t echni cal



process 6, for exanple a chemcal installation or a 20 hydraulic press,

via the peripheral assenblies 3. The central processing unit 2
and the assenblies 3 are for this purpose connected to one another in
t-er ns of @Rt tRHIHB? ogy via the confrol bus 4. The central

processing unit 2 and the peripheral assenblies_3 are 25 furthernore

suppl i ed wit reereeelling the, B 12 figrst to haye ¢ Aow.Tegistance,
comon earth &dNEkén Ofo i Kavsid@thigh redisttbe iggdire. supply |ine 4"; the

b 4 and - suppl yiit ne® qEhe, BORal ChERa, O oy boRsdfibL, SEUEE (%5
t he programuestpplygcontact ril | ckies\withigyithenpermimsible-r@nge, time
3;’1‘.0 Kpl aneg busaéc%ﬁdg.lilﬂé defeh ’Eﬁoél@dié’ iéﬂ@linhibrébh:ll&l@ HEAvetld 9625 B
ich are resi)se_ct_,lvearye assi gne to an asse y 2, 3.
permanently activated. = Furthermore, the
inhibitable driver 16-la is activated in the event of
data transmissions from the central processing unit 2 to
one of the peripheral assemblies 3. The inhibitable
10 driver 16-1b is activated in the event of data trans-
missions from one of the peripheral assemblies 3 to the
central processing unit 2. As a result, the assembly 2,
3 can monitor the data traffic taking place via the
control bus 4, but cannot itself actively transmit
15 signals signals via the control bus 4. The inhibitable
drivers 16-1lc and 16-1d are at this stage permanently
activated. The evaluation circuit 13 knows which data
transmission is currently being carried out, on account
of the bus traffic monitored by the control lines 4-3 and
20 4-4 and the data line 4-1.
After the drivers 16-x have been activated, in
accordance with block 29 there is a wait until an accept-
ance time t, has elapsed. As a result, the assembly 2, 3
has an opportunity to initialize itself. During the
25 course of the acceptance waiting time T,, the signal
present at the acknowledgement contact 10-5 is evaluated
by the evaluation circuit 13. The acknowledgement contact
10-5 is, as is evident from FIG. 2, connected to the
supply line 4' wvia the pull-up resistor 7". If, during
30 the monitoring mode, the assembly 2, 3 understands the
data traffic taking place via the control bus 4 and
interprets it as being meaningful, the assembly 2, 3 puts
the acknowledgement contact 9-5 and hence, of course,
also the acknowledgement contact 10-5 at the potential of
35 the supply 1line 4" by means of suitable internal
interconnection. This is monitored in the evaluation
circuit 13.
If the evaluation circuit 13 has not received the
acceptance signal after the acceptance waiting time T,
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are illustrated in the exanple above. O course, the progranmable |ogic
conmntroller could alte tively have nore assenblies, for exanple 5, 8,
10.. . Furthe??ro?é,l’tﬂg‘%ontrol bus 4 t@® S be desi gned as required.

Therefore, the control hus 4 ma be, for. .ex | e, sectial bpus which
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control bus 4 tormthe signal |1nes present invention.

FIG 2 now shows such a bus access circuit. As is evident fromFI G 2,
the control bus 4 is a serial bus in the present case. It has five
lines 4-1 to 4-5. The line 15 4-1 is a bidirectional data line. The |ine
4-2 is the clock line via which the clock signal which is common to
all the assenmblies 2, 3 is transmtted. The control |ines 4-3 and 4-4
are used to indicate whether a data trans- m ssion or an instruction

transm ssion is instantaneously 20 taki ng place. Via the acknow edgenent
line 4-5, the



assenblies 3 can report to the central processing unit 2 t hat they

have transmtted or received the transmtted data properly. The |ines
4-2 to 4-5 arg gﬁgrazﬁeé uni - di rectlioonal ly. 25 In the event
of an instruct® tf ssion, the ~ **connected assenblies 3 bridge the

data line 4-1. b ans f aswitch 751 ouplse, a shift Lster 7-2

to the d"atf% slf:_rfaq (r%rfﬁgmé’\‘f%‘ﬁp gf'aaeggt%a?ér)a am ?s'ilo'n ,ﬁ?%(iaé
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the shift 'eOiplEudeson " Pedd® £at8 the |kBG1dedzOr187) dognhke daa |1ne
the swtch 7-1. As

4-1 by nmeans o ( s evident from FIG
2, the assenppyogrammable leogi@ceertreller besPsrRasMiRg; At 8onsmldetcuit 7.
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. peripheral assemblies 3 are connected to it, in accord-
ance with block 32, the evaluation circuit 13 permanently
activates the inhibitable drivers 16-la and 16-1b and
10 permanently inhibits the inhibitable drivers 16-1lc and
16-1d. As a result, the evaluation circuit 13 is now
decoupled from the data line 4-1, and the assembly 2, 3
is coupled to the control bus 4. The assembly 3 is
therefore now able to access the control bus 4 both in a
15 reading manner and in a writing manner.

Individual blocks have been illustrated in a
simplified manner in FIG. 3 for the sake of improved
clarity. Thus, for example, the block groups 23/24, 26/27
and 29/30 are in reality loops during which an interroga-

20 tion is continually made to see whether the respective
termination criterion is present. In addition, of course,
a check is continually made to see whether the assembly
2, 3 is still inserted and whether the power supply is
functioning properly. As soon as one of these two condi-

25 tions is no longer met, the sequence immediately branches
- optionally after setting the marker M to the value 1 -
to one of the blocks 18 or 19.

As is evident from FIG. 2, all of the bus lines

4-2 to 4-5 are, furthermore, connected directly to the

30 evaluation circuit 13. Since, moreover, the evaluation
circuit 13 knows whether or not the bus traffic takes
place via the assembly 2, 3 assigned to it, this can
operate the shift register 13’ and the switch 13" corre-
spondingly when the assembly 2, 3 is not coupled to the

35 control bus 4. In other words: before the first identifi-
cation run after the monitoring coupling of the assembly
2, 3, the evaluation circuit 13 monitors the bus traffic
and
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13, which is li ke%ﬁetﬁgni'ﬁgéfﬂgcéfoﬁh@ransmitted last.



supply lines 4', 4", by applying H|||||1 mﬁmﬂmjramontrol signal tothe
control input of the MOSFET 12. rnmore, the ’PI’-"Q,QSHEET HAS BEEN
| ocation 10 has a_test cont act “14; which is connected difect] }REPQAEEE?

test input GRl&G Bf3182 evaluation cirfit 13 and via the pull—up

resistor 15 to the SUBQH line 4'. No resistor, neither 25 fixed nor
variable, is B?F% 4 #he connection line 11", on the other hand.

The potenti al present at the supply contact 10', t he potential pr esent

at the test c nt act tenfi gsﬁgi d
acknow edgerre { cont aé?&lg éférr‘em%g’gaess%\t iar 4 as 25 npu S(I dnal s
to the evaludliofi a prograxmable 3logic ec@ﬂltmllr@rttFesae bwpu(ﬂy gnal's, the

eval uation cipcuity r apl rivers
16-la to 16-1d as w‘?’?& ﬁééﬁ'ﬁf o (&6 Cuéﬁ\%mééstgr\gﬁ |arsescﬂuolgl ‘i nhi gﬁjabl e
drivers 18-2 to 16¢‘3n§§9“m|-'t‘h tg &he PRggdd)i At heastgrig 2 AR | i nes
11-1a, 11-1b angeédnd sapblyd likee (I pi1PY) and a signal line

(11-l1la, 11-1b, 11-2 to 1l1-5),

- a variable resistor (12) being arranged in at least

one of the supply lines (11'), which resistor can be
10 controlled to have a high resistance or a low resis-
tance by an evaluation circuit (13),

- the evaluation circuit (13) controlling the variable
regsistor (12) to have a high resistance when an
assembly (2, 3) is not connected to the bus (5),

15 having the following steps:

- when the assembly (2, 3) is connected to the bus
(5), the variable resistor (12) is controlled to
have a low resistance,

- after the variable resistor (12) has been controlled

20 to have a low resistance, there is a wait until a
run-up time (T;) has elapsed,

- the variable resistor (12) is controlled to have a
high resistance again if a potential present at a
test input (14") of the evaluation circuit (13) lies

25 outside a predetermined value range after the run-up
time (T;) has elapsed.

2. Connection method according to Claim 1, charac-

terized in that the variable resistor (12) is controlled

to have a low resistance only after a connection time
30 (T;) has elapsed.

3. Connection method according to Claim 1 or 2,

characterized in that the controlling of the variable

resistor (12) from a high resistance to a low resistance

takes place during a predetermined starting time (T,).

This Sheet Has BeenRTlaced
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GR 96 P 3182 -7 - drivers 16-x may be tr
; U@ﬁﬂﬂﬁ MRS BEEN

exanpl e. However, other configurations are also conc
The driving details will now be t hor oughl explalned in c Lﬁp SR+t
FIGs 2 and 3.GR596 P 3182 pRefore the a‘sélg;my 2, |s inserted into the

pl ug-in Iocatlon 10, the bus, access g%rCU|t é i n|t| l'i zation
state. Duringttnitial FORREDHEOD ReFREG AESOT ln%IBEKC 3im Lyad RFi S+first
of all set tocRardéeertsed ih thaﬁthhhthéhbgyN«2%|3)tﬁb(ﬂqﬂﬁﬁdﬁﬂﬂlﬂb nor e

detail |ater ecl.ion,wt aceordi ng o bl.ock 18,
- t he si gna+h%1%t"3cq§? %ti q"th %a k:ll’()ééz &fn:ba 12t ﬂ’ 15' t%
decoupl ed frohithke only rehebuthe botentialt bngsent at th?h@e6¢|#@p§t16 | a,

16-1b ands 16- gli")) 1@'f5 tl%‘devaluat:.ont hes AUAl AP Qi i dBih S ehigupl ed
to the data 1 line_4-1 by activating the drivers 16-1c _and_ 16-1d.
Final ly, accoPifdgtermbred \vatne (ranghitien the ruprup ting (Tudgbas have a

hi gh resi st anetapyedhe eval uation circuit 13.

5. Connection method according to Claim 4, charac-
terized in that after being connected to the bus (5), the
10 assembly (2, 3) receives signals submitted via the signal
line (11-l1la, 11-1b, 11-2 to 11-5), but does not itself
transmit signals via the signal line (11-la, 11-1b, 11-2
to 11-5). '
6. Connection method according to Claim 5, charac-
15 terized
- in that the assembly (2, 3) evaluates the signals
transmitted via the signal line (11-1la, 11-1b, 11-2

to 11-5),
- in that the assembly (2, 3) communicates an accep-
20 tance signal to the evaluation circuit (13) if the

assembly (2, 3) is able to evaluate the signals
transmitted via the signal line (11-la, 11-1b, 11-2
to 11-5), and
- in that the evaluation circuit (13) controls the
25 variable resistor (12) to have a high resistance if
it has not received the acceptance signal after an
acceptance waiting time (T,;) has elapsed.

7. Connection method according to one of the prece-
ding claims, characterized
30 - in that from time to time a determination is made of
which assemblies (2, 3) are connected to the bus
(5), and

- in that, during the first determination of the
connected assemblies (2, 3), which is carried out
35 after the acceptance waiting time (T,) has elapsed,
the evaluation circuit (13) couples the assembly (2,
3) to the bus (5) in a writing manner, too, if it

has received the acceptance signal before

This Sheet Has Been RTilac
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A check is then made in block 20 to see whether 20 an assen .

been inserted into the plug-in | ocation 10. This is dong ;m%ﬂz&’fﬁ&wﬁEEN
the potenti al present at the test contact 14. |f this pqtentiREPIAGEDe-
sponds to theﬁ%oﬁ%rﬁl%ﬁ %f the supply 1 |314e '4 no assenbly >3 tas—been
i nserted into the I n Iocatlon 1 t he ot her .hand, an
assenbly 2, 3 has @é%%’ gﬂ? HﬁghPﬁ Fgﬁa??‘an 10, the test
contact 14 i s8. comm&iatﬂarﬁmébhomddmg:dingt tctoriel ofdthe ginecedinghe

supply line 4" hat the eval uation circuit 13 can
detect the chan € mcthut%eact%%%;e If no assenbly 2, 3 has been

inserted into-the in tmmghemvmum edrenightlade aaahmh?d tch&hel ag M

IS sek to O inghd ogdy,21 andthe interrogation in accordance W|th
bl ock 20 |s carri ed out anew. on the ofher hand, an assenbl
has been inseTted, 1®n ‘Ee?li‘%g%tjtszlﬁ'i‘w]s’-% E"H’t:—i‘c?e ig, Jaoped Lh gge b%!%net her

the flag M has thea#ﬁénlﬂ.y (2, 03) | tt heastSdapinghpateses( thghtsiymial
branch), bl ock 20 trans' ssci%rnrs',ed aut agai n.

- in that when an assembly (2, 3) is not connected to

10 the bus (5), the evaluation circuit (13) loops a shift
register (13'), which is assigned to the evaluation
circuit (13), into the signal line (4-1) the signal
line (4-1) during these signal transmissions.

9. Bus access circuit for connecting an assembly (2,

15 3) of a programmable logic controller to a bus (5),

- it being possible to connect the assembly (2, 3) to
the bus at least via a first and a second supply line
(11', 11") and a signal line (1l1l-l1a, 11-1b, 11-2 to
11-5),

20 - there being arranged in at least one of the supply
lines (11') a variable resistor (12) having a control
input, which is connected to an evaluation circuit
(13) by means of which the variable resistor (12) can
be controlled to have a high resistance or a low

25 resistance,

- the evaluation circuit (13) having a test input (14")
by means of which it is possible to acquire the
potential present at the assembly (2, 3),

- the evaluation circuit (13) being designed in such a

30 way that it

- -- controls the variable resistor (12) to have a high

resistance when an assembly (2, 3) is not con-
nected the bus (5),

- -- controls the variable resistor (12) to have a low

35 resistance when the assembly (2, 3) is connected

to the bus (5),

-- waits for a run-up time (T,;) to elapse after the
variable resistor (12) has been controlled to have
a low resistance, and

This Sheet Has Been. Rei
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GR 96 P 3182 -8- If, on the other hand, the WMH@ $IAS BEEN
have t he val ue 0, the assenbly 2, 3 has been new y insertgd. TnRE INED
case, bl oc%ﬁ?; I?So"rcf{ ied out, in acc%rdance with which there LS—a
wait until a C &t me T[err] has é"lapsed. After- 5 wards, block 24

oo’ whet her he asscrigRooie "tad,; ariapie Eataken (2R Hoave | et on

see whet her the assent?

10. This

areturn is

i nt er r ogdtdigin reépistansecagjathellf tl;hee\plﬂuegiu:riﬂé. pge_smttealt
tial present at the t G2 . " . ASS A IS _no_l.onger
inserltoed in the pl ug-iq%{? ocatlg%p% (4 i?ﬁ%ﬁt"% i, R REReteFRipaH

coupling of the assenm¥

high resistanc®to a IBHF ARGe8s fircuit aceoxdingster Fladm: Pnecharagy
virtue of the Yeatiizedhain ttleat the evaluation circuit (13) is designed

10

15

20

25

30

0y Il

gy

in such a way that it controls the variable resistor (12)
to have a low resistance only after a connection time
(T;) has elapsed.
11. Bus access circuit according to Claim 9 or 10,
characterized in that the evaluation circuit (13) is
designed in such a way that it controls the variable
resistor (12) to have a low resistance during a predeter-
mined starting time (T,).
12. Bus access circuit according to Claim 9, 10 or
11, characterized in that the evaluation circuit (13) is
designed in such a way that it connects the assembly (2,
3) to the bus via the signal line (ll1l-la, 11-1b, 11-2 to
11-5) only when the potential present at the test input
(14") of the evaluation circuit (13) lies within the
predetermined value range after the run-up time (T3) has
elapsed.
13. Bus access circuit according to Claim 12, charac-
terized
- in that the assembly (2, 3) is designed in such a
way that after being connected to the bus (5), it
-- receives and evaluates signals transmitted via
the signal line (4-1), but does not itself trans-
mit signals via the signal line (4-1),
-- commhnicates an acceptance signal to the evalu-
ation circuit (13) if it is able to evaluate the
signals transmitted via the signal line (4-1),
and

t her
alue rapge3 afteme bhekprumaupustidneg s (Tydni hased and
made diagderk 20. OQtherw se (lower branch), in accordance
wi th bl ock 25 the evaluation circyit 13 contraols the 15 MOSFET 12 from a



MOSFET 12 is controlled to have a | ow resi stance during t e@'ﬁ% BEENQ
ti-me T2 rather than abruptly, the assenbly 2, 3 is coupled i%yﬂ%
t he power sup&lgyigof t he 20 backpl ane bug 5. I n ad

Bl ock 26, theCE¥ P8 Pnéd82 wait untTI2& Fun-time T3 has el apsed. During
this tinme, for ex e, .the buffer-capacitar, 7,.Qaf ihe,assenbly.2, 3 is
charged. After theiPuﬁ:- Ak oV "éﬁ%p?&@cfu"af' ek 3% LRSI 1R

accordance with bl such2a twayecthaticibhecontzols thescrxtialile réesiseong
properly supplied w p r [ (.S al suat i;Rg nti al
present at the sup\g:l;t?rj Eéglgoﬁg%t %loh.igf‘f ?ﬁ%f%g%%‘%i aﬁpﬁgse%tggaﬁqéﬁe

suppl y cont act regeiyedr &hepReceptanse AkEIal (f 9k ot eEeRFARES 30
the supply line 4' walighn@X¥qRle (#€Y| BABSeDipdedtxi mum of 0.5 volt from

L5 POt o LTS 58 U000 LA s ccoma SO W o T DB o 2P
28. Qther-  to Wi3secharacite¥3zied carried out, in accordance wth which 35
ook 5911 S SR RSP o ) P SARUBIRE n T UGN
is that blocks 20 &x¢miimectaoctinerilt detarpinescwhigh assemblies (2,

10 3) are connected to it, and

- in that the evaluation circuit (13) is designed in
such a way that, during the first determination of
the connected assemblies (2, 3), which is carried
out after the acceptance waiting time (T,) has

15 elapsed, this couples the assembly (2, 3) to the bus
(5) in a writing manner, too, if it has received the
acceptance signal before the acceptance waiting time
(T4) has elapsed.

15. Bus access circuit according to one of Claims 9

20 to 14, characterized

- in that it is assigned to the bus (5),

- in that the signal line (4-1) is looped through the
assembly (2, 3) at least during part of the signal
transmissions, and '

25 - in that at least one switch (13") is assigned to the
evaluation circuit (13), by means of which switch,
when an assembly (2, 3) is not connected to the bus
(5), a shift register (13'), which is 1likewise
assigned to the evaluation circuit (13), can be

30 looped into the signal line (4-1) the signal line

| (4-1) during these signal transmissions.

N . “‘Hlsl |“\|ii“ mm‘ |



until the assenbly 2, 3 is separated ffon{the pl ug-in GR 96 P 3182

- .8a - location 10. This prevents the evaluation circuit 13 from
repeat edl y aIternateE¥ GR 96 P 3182 - 9-
controlling t%R $HOFE182 first to have X Iow resistance

Absgtract

Connection method and bus access circuit for connecting
an assembly of a programmable logic controller to a bus

In order, in the case of a programmable logic
controller having a modular structure, to be able to
ingert and withdraw assemblies (2, 3) even in the course
of operation, without disturbing the data traffic taking
place via the bus (5) of the programmable logic control-
ler, provision is made according to the invention for
arranging an evaluation circuit (13) in a bus access
circuit (5'). The evaluation circuit (13) controls a
variable resistor (12), which is arranged in one of the
supply lines (11', 11") .for the assemble (2, 3), to have
a low resistance if the assembly is connected to the bus
(5) and to have a high resistance again if a potential
present at a test input (14") of the evaluation circuit
(13) lies outside a predetermined value range after a
run-up time (T;) has elapsed.

FIG. 2



and then to have a high resistance again. If, on the other
hand, the pot&gt'aL:ﬁf,the supp! yficontact ,10' lies within the

perm ssible r gﬁi iH%8  accordance with bl ock 28 the inhibitable drivers
16-2 to 16-5 are permanently activated. Furthernore, the

i nhi bitable driver 16-1a is activated i fifdhe event of dat a

transm ssions fromthe central processing unit 2 to one of the

peri pheral assenblies 3. The inhibitable 10 driver 16-1b is activated in
the event of data trans- m ssions fromone of the peripheral assenblies
3 to the central processing unit 2. As a result, the assenbly 2, 3
can nonitor the datg tyajfic taking place via the control bus 4, but
cannot itself activglyl tffansmt 15 signals signals via the control bus 4.
The inhibitable drlivgrs 16-1c and 16-1d are at this stage pernmanently
activated. The eval yatfiofp circuit 13 knows which data transmesion is

currently being car , on account of the bus trafficnnﬁgtored by
the control lines 4-3 and RO 4-4 and the data line 4-1. — After
the drivers 16-x hdve beenjactivated, in accordance with bl od& 29 there

is awit until anj]accept-
assenbly 2, 3

ance time t4 has elapsed. As a result, the

3 4

J

> S

3

4'
)
4"




has an opportunity to initialize itself. During the 25 course of the

acceptance waiticagsd Engsl[err], the signal present at the

acknow edgenent contact 10-5 is eval uated by the evaluation circuit 13.
The acknow edgenent cont act 10-5 is, ﬁ is evident fromFIG 2,
connected to the supply line 4" via't 4pu| | -up resistor 7" If during
30 the nonitoring node, the assenbly 2, 3 understands the data

traffic taking pl ac,e—v+-a-t--h-e-se-nt+d—-bus--4-a-nd—---—--—1-n-t-e+p+e-t-s—-|-‘t-‘a-l> bei ng
meani ngful , the asdenply -2 .3 puts ~the—acknowledgerpat—eoniacsi-Q- 5 and

hence, of course, hlsn the acknoul edgenent contact 10-5 at thél .
potential of 35 tHi; S 4.5 a4 4.3 by wgans-4"of suitable i hjernal
i nterconnecti on. ,Tisjj:ijfgyltoredyh he _eval uation circuitlia’
I f the eval uation gilr¢uit 13 hag not received the accept ance'$ aggl
after the acceptange itingl tie T4 e
4< _ il
= !
» . L
o ins) [V J
. 11-4
18\5 W
2
s TEer
12) /] =
Eq i )
‘ 16-3| [T2l= .
" — /14" | 5 5
11 {168-2 EA Y '_’EA
) — ] ) 1
\T\ 13 16-1b
| 16-1a
14 10' 10-5/10-4|10-3]10-2| 10- 10-1b
10'JD\\« A AL AT A A n_/w 12 g_,L ~-10
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GR 96 P 3182 - 9a- has el apsed, in accordance with bl ock 30
thete is a retgimest® pck 18. Gtherwi se, in accordance with block 31 the
eval uation circuit 13 checks GR 96 P 3182 -10-

the data streamtransmtted via the data_line 4-1. |If the eval uation
cireuit 13 recogni ses, on account of thed/4 instruction read into the
register 13', that the programabl e |l ogic controller is performng a
so-called 5 idepttftTgation run, that is to say that the central
processing unit 2|is atfenpting to determ ne which peri pher al
assenblies 3 are cﬁerﬁted toit, in accord-

( Start )

FiG 3B M=0 117

FIG3

Decoupling //’18

Righ resistance | 19

20

Inserted

23~_|Wait T
24
Inserted
L

L igstance
FIG 3A “euring T, ~—25




ance with" Dl ock 32, the evaluation circuit 13 per mnent |y activates the
inhibitable driyejsplfigia and 16-1b and 10 permanently inhibits the

i nhi bitable drivers 16-1c and 16-1d. As a result, the evaluation
circuit 13 is now decoupl ed fromthe z&ta line 4-1, and the assenbly 2,
3 ° is coupled to the control bus 4. T4 assenbly 3 is t heref ore now
able to access the control bus 4 both in a 15 reading manner and in a
writing manner. I.ndi vi dual bl ocks have been illustrated in a
sinplified manner in FIG 3 tor the sake¢ of 1 nproved clarjity.[ Thus,
for exanple, the block groups 23/24, 26/27 and 29/30 are|in rjeality

| oops during which an interroga- 20 tipn is continually nade jto dee

whet her the respective tergi nafff oM crferion is present. il n gddition,
of course, a check is cont®n Waitedel t 0 see whet her t he asdenbl y
2, 3 is still inserted and whet her supply is f unct ijoni ng
properly. As soon as one of these two cpndi- 25 tions is no ljonggr net,
t he sequence i medi ately branc tionally after settlingl|the
marker Mto the value 1 - | ocks 18 or 19.
As is evident fromFIG 2, all of 4-2 to 4-5 ardg,
furthernore, connected directly to thée

)

28 Coupling "listening*

29,/‘wa1t Ty
30
Accepted
3
init ?

32 oupling "complete®

Engd

FIG 38



30.. evaluation circuit 13. Since, noreover, the eval uation circuit 13

knows ,whet her or not the bus traffic takes pl ace via the assenbly 2, 3
assigned to it, this can operate the shift register 13" and the switch
13% corre-  GR 8§oRdPA§RyPwhen the assedbly 2, 3'is not coupled to the 35
control bus 4. In other words: before the first identifi- cation run
after the nonipeatragptienpl i ng of the assenbly 2, 3, the evaluation
circuit 13 nonitors the bus traffic and GR 96 P 3182

- 11 - in the event of an instruction transm ssion bridges t he

data |ine 4-1Copneetisnometheds and bukl'acuebs cirawitplfor tdensécting
register 13 50 Eﬁ%eﬂ@&@ Bkng éiggrammabigdlogic controller to a bus

The present invention relates to a connection
5 method for connecting an assembly of a programmhble logic
controller to a bus,

- it being possible to connect the assembly to
configure it to the bus at least via a first and a
second supply line and a signal line,.

10 - a variable resistor being arranged in at least one
of the supply lines, which resistor can be con-
trolled to have a high resistance or a low resis-
tance by an evaluation circuit,

- the evaluation circuit controlling the wvariable

15 resistor to have a high resistance when an assemblY
is not connected to the bus, _

and to a bus access circuit for connecting an assembly of

a programmable logic controller to a bus,

- it being possible to connect the assembly to the bus

20 at least via a first and a second supply line and a
signal line,

- there being arranged in at least one of the supply
lines a variable resistor having a control input,
which is connected to an evaluation circuit by means

25 of which the variable resistor can be controlled to
have a high resistance or a low resistance.

_ The provision of leading contacts in an assembly,
by means of which contacts the power supply contacts can
make contact with a mounting rack before the other

30 contacts of the assembly, is disclosed in EP 0 388 753

Al. In this case, a resistor is arranged in the supply

lines on the assembly, which resistor can be bridged by

- a switch. '

AMENDED SHEET




in.the event of a data transmnission bridges the data line 4-1 by neans

of, the switch 13" or | oops the shift register 13" onto the data |line
4-1, dependi ng on the instruction transmtted | ast. GR 96 P
3182 P GR 962 P 3182 Ppgtent Clainmsla - 1, Connection met hod for
connecting an_assenbly (2,, 3) of a programmable |ogic controller to a
bus (5), The i?wﬁé?hg issarkhated <ecwheRe as eF (9apagiters
configure it fa@rafgyedon( Thedagsembliyvia a first and a second
supply line (11', 11") and a signal [ine (I1-la, 11-1b, 11-2 to

11-5),

REPLACEMENT SHEET |
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- ., avariable resistor (12) being arranged in at |east one of the

supply lines (11'), which resistor can be 10 controlled to have a

hi gh resi stance or a | ow resi s- tance by an evaluation circuit
(13), - GRit%% R\ 8&tFon circuit ¢18)-controlling the variable
resistor (12),to have a high resistance when an assenbly (2, 3) is
not connect edt® BRhELIGLEnEEY chargedying the fol | owi ng steps: - when

the assenbly (2, 3) ia edpddaretciroiie Avsangement id Sdisélessariiabl e
resistor (12).4

I t h I i -
after the var? E?%Opé ?5%56 (gaf hkgagirg géﬁP$8VF2%L§%h%E%”C§Pg h&% a | ow
resi stance, tékeetrenicvawitehtidre present imintbpsticase,T[too}) thes
el apsed, 5 electiOSida diildh %%u?l‘l&zg( 12he! SoEONERE! laﬁ&:élg( h§\u6 &3
pré€sent at a st

hi gh resistance again If a_potentia \ . I nput (14")
of the eval uafisfcklyctrt thes)logdsand the swihah deeingr edesedniondy val ue

range after t{BehUd-BRffer capacitédithdd [Kééd)sPsi®lapens cldhed., |5
controlled to have a | ow resi stanc onnecti on_ti me

only after a c
(T[err]) has el apsed.*?® agﬁvm”tgﬁﬂﬁéé/??gﬂrrrEFﬁo&°&E’88r &Rgg pEeRdeR m 1,

char ac- of impermissible feedback to the bus to which the assem-
10 blies are connected during insertion when the assemblies
are functioning properly. If, however, the actual useful
circuit is defective, in particular has a short circuit,
it may happen that the power suppiy of an entire system
collapses as a result of the insertion of the additional
15 (defective) assembly.

A connection method according to the preamble of
Claim 1 is disclosed in WO/93 15 459. Waiting for a run-
up time to elapse for the bus access circuit is generally
disclosed in a comparable technical context in accordance

20 with EP-A-0 402 055. '

The object of the present invention consists in
obtaining a total system comprising a plurality of
assemblies which is capable of running even when a
defective assembly is connected to the total system

25 during operation.

The object is achieved, in the case of a connec-
tion method of the generic type, by means of the follow-
ing steps:

- when the assembly is connected to the bus, the
30 variable resistor is controlled to have a low resis-
tance,
- after the variable resistor has been controlled to
have a low resistance, there is a wait until a run-
up time has elapsed,

| REPLACEMENT Srper ]
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30 terized in that the controlling of the variable resistor (12)

froma high resistance to a | ow resistance takes pl ace during a
predetermned starting time.(T[err]). 3. Connecti on net hod
according to GRa%mm R 3182 P characte#8 zed in that the assenbly (2, 3)

i s connected to 35  the bus (5) via the signal line (11-la, 11-Ib, 11-2 to
11-5) only when t hEkpoverirblepFesinton;: ieheoptzplinguto have asbigh ¢ he

eval uation circui trédfgtance again if a Wﬁ NHréddtd at a test CR 96
P 3182 P - 13- redet d val ue, cian e after

p m, ne
t he run- up ti WBPRYT &% )':&‘ﬁaseﬁé'l1 'é#n cirgui &ﬁne%‘ﬁ
accordi ng to C ai npS8edetermined valmuzmbe rafftet tHe mud}mmg::mmm ed to

the bus (E)’ the elapsed, and is controlled to have a low resistance

only after a connection time has elapsed.

REPLACEMENT SHEET |
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5. assenbly (2, 3)

receives signals submtted via the signal l'i ne

(11 la, 11-1b, 11-2 to 11-5), but does not itself transmt signals via
line (1l-la, 11-1b, 11-2 to 11-5). 5. Connecti on
met hod accor dPRg9€cP BH82n B, charac- 16 3 teri zed .- in that the
assenbly (2, 3) evaluates the signals transmtted via the signa
line (11-1a, 11-1b, 1¥n2the case o§ kthes)bus access jginquitt@f &heenbly

(2, 3) comungeabesc dEyPeé S dhe &:‘i-oblem iEaBSQvéa%%|viﬁtﬁ£'%§\aiéJ&H&n

t he S|gnm

circuit (13)

signal s

to 11-5),
vari abl e
recei ved

and
eS|stor

he accepta

|f t he

le to eval yate the
Pt b STRLSAPLSR | SLERULE, BR8 Ta) Eeaty. FAPaY] by
meansmftmichl'&ewsalpﬁsMeslﬁd:udqdﬂ th ipgotlem -t he 20

e R L i ting Ui

acceptance waiting time

(T4) has el apsed. the egaluaticpnmdgtduwit nbe hdésigoeddiimy swuchne ofay he
ding cigigsjecharacterized 25 - inthat fromtinme to tine
a determnation is made of whi ch assenbl i es &? 3) are coancted

prece-

to the bus

10

15

20

-- controls the variable resistor to have a hig
resistance when an assembly is not connected the
bus,

-- controls the variable resistor to have a low
resistance when the assembly is connected to the
bus, |

-- waits for a run-up time to elapse after the
variable resistor has been controlled to have a
low resistance,

-- controls the variable resistor to have a high
resistance again if the potential present at the
test input lies outside a predetermined value
range after the run-up time has elapsed, and

-- controls the variable resistor to have a low
resistance only after a connection time has
elapsed. '

The fact that the variable resistor is controlled

25

30

35

to have a low resistance by means of the evaluation
circuit only after a connection time has elapsed ensures
that the assembly is reliably connected to the bus only
when all the contacts of the assembly are connected to
the corresponding bus contacts. Impermissible distur-
bances on the bus are thereby avoided.

The effect achieved by the measures according to
Claims 2 and 9 is that the assembly is coupled smoothly
to the bus. Feedback to the bus during the coupling of
the assembly is thereby reduced even further.

The effect achieved by the measures according to
Claime 3 and 10 is that when a defective assembly is
connected, the signals transmitted via
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(5), and - in that, during the first determ nation of the

connected assenblies (2, 3), which is carried out 30 after the
acceptance waiti n tinme ;’éerr]) has eI 3psed ' t he eval uation
circuit (13) €Bud egﬂl senbly (2, 3) to the bus (5) in a

writing manner too i f has received the acceptance signal
before the acﬁh‘b bus are aff?%'h%‘% IRitireleiaR RA%AiBLA- o apsed. 35 7.
Cﬁnnectl on mét hod accmdléﬂf]é@t %ﬁv&ldl%yﬂrw@measurdﬁ Ii)i:cﬁiﬁ:ﬂfg g
characteri ze at .t gval uati cireul 13)_ is _assi to
the bus (5), craims 4 abdl 5 gha gis% pthat the sfli‘i‘l(’ t the
signal |ine (Yeolthesbusoimdteimauof daka technology only when
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assenbly (2, 3) at least during part of the signal fransm ssi ons,

and - in that when an assenbly (2, 3) is not

the bus (5), the evaluation circuit (13) I oops a ”mmlml Inﬂ"llg Hi’l ster
(13'), which PB 88sPgAa82t8 the 2val uation *ci ccukt * nt
signal line (4-1) the signal line (4-1) during these signal

o the
trans-

mi ssions. 10 Pafent Clpims,ccess circuit for connecting an assembly (2,

3) of a progranmable logic controller to a bus (5), - it being

Firet ‘and a satond suppPgection nbEppd) 208 jconqcting i Wiadinlf H

(11-1a, 11-1b3)15f a programpabldellogic controllerhteecabkiag(&)ranged in at

| east one of the Smphgin%?ossmle' Scpidedt HE  AABLBIFSIE! %) (d2)

having a con-
circuit ($3) by negeRfdguxmi ik E‘I’Ie"—%rﬁ%l@ )y a&; degptopia a firgyand

| S conpnected to an evaluatl

controlled to haveaaéamd aﬁiﬁuancza;ﬁ (11', 11"} bhed EeHigridCeline

the evaluation cir

of which it

10

15

20

25

30

35

IS pos
- a variable resistor (12) being arranged in at least

one of the supply lines (11'), which resistor can be
controlled to have a high resistance or a low resis-
tance by an evaluation circuit (13),

- the evaluation circuit (13) controlling the variable
resistor (12) to have a high resistance when an
asgembly (2, 3) is not connected to the bus (5),

having the following steps: |

- when the assembly (2, 3) is connected to the bus
{(5), the variable resistor (12) is controlled to
have a low resistance,

- after the variable resistor (12) has been controlled
to have a low resistance, there is a wait until a
run-up time (T;) has elapsed,

- the variable resistor (12) is controlled to have a
high resistance again if a potential present at a
test input (14") of the evaluation circuit (13) lies
outside a predetermined value range after the run-up
time (T,) has elapsed, and

is controlled to have a low resistance only after a

connection time (T,;) has elapsed.

2. Connection method according to Claim 1, charac-

terized in that the controlling of the variable resistor

(12) from a high resistance to a low resistance takes

place during a predetermined starting time (T,).

3. Connection method according to Claim 1 or 2,

characterized in that the assembly (2, 3) is connected to
the bus (5) wvia the signal line (l11-la, 11-1b, 11-2 to
11-5) only when the potential present at the test input

(14") of the evaluation cirguit (13)

B
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the potential present at the assenbly (2, 3), 25 tion
cifcuit (13) being designed in such ““I“H“l mlmﬂmi]
controls the variable resistor (12) to hav GS|stanc
when an assen®Ry2¢ 2P 3182 P ot - 13 ‘connect ed the bus (5), 30 -

3}
-- controls the var e re5|sto 12), to haealow re5|stance
when the assehbP§ ‘(:gahg‘} é@a&xned value range RfYsE they run

-- waits for apruimep(T, )r’rmds'l'[ﬂajéedo el apse after the

variabl e reSIEtor (12éo: é% £61 ﬁQF&S& ngo%$% 5 to C1a1 ??V%

resi stance, FOl'S varra esr stor ave a
hi gh resi st anterigednin fthate afirenbedngpconnactad to the bus (Flhe thest

' nput (145) |hgseRbipi (F, 3P elRliVed BEtnals submittEaHid thidBidnal
- e line (11-la, 11-1b, 11-2 to 11-5), but does not itself
transmit signals via the signal line (11-la, 11-1b, 11-2

to 11-5).
5. Connection method according to Claim 4, charac-

10 terized '

- in that the assembly (2, 3) evaluates the signals
transmitted via the signal line (1l-la, 11-1b, 11-2

to 11-5),
- in that the assembly (2, 3) communicates an accep-
15 tance signal to the evaluation circuit (13) if the

assembly (2, 3) is able to evaluate the signals
transmitted via the signal line (1l-la, 11-1b, 11-2
to 11-5), and
- in that the evaluation circuit (13) controls the
20 . variable resistor (12) to have a high resistance if
it has not received the acceptance signal after an
acceptance waiting time (T,) has elapsed.

6. Connection method according to one of the prece-
ding claims, characterized
25 - in that from time to time a determination is made of
which assemblies (2, 3) are connected to the bus
(5), and

- in that, during the first determination of the
connected assemblies (2, 3), which is carried out
30 after the acceptance waiting time (T,) has elapsed,
the evaluation circuit (13) couples the assembly (2,
3) to the bus (5) in a writing manner, too, if it
has received the acceptance signal before the accep-
tance waiting time (T,) has elapsed.
35 7. Connection method according to one of the prece-
ding claims, characterized
- in that the evaluation circuit (13) is assigned to
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val ue range after the run-up tinme (T[err]) has
“coptrols the vari abl e resistor (12) to have a IH“II"

I Wlmﬂiﬂ s
onI 'y after a connpecti 05.1 time (T[e ]) h "I"“ si stance

GR 96 P 3182 §R 96 P 318218, 4Bu's access CI rcwt accord| ng to

Claim8, ch - n, th e at

desi gnod T suth bk, ek ﬁéﬁiﬂai#% B e caed ety the (1)
to have a | ow re5| asaexnblypnli(g, aB) eat:aleaau:ednmlng{ipam:l wf (tHeersdigndlas

el apsed. ﬁrg“ﬁﬁﬁgfé mgﬁalt according to Claim8, 9 or 10,

characterlzed |nt 6 eval Uation circuit (13) is
- in that when an assembly (2, 3) is not connected to

5 the bus (5), the evaluation circuit (13) loops a
shift register (13'), which is assigned to the
evaluation circuit (13), into the signal line (4-1)
the signal line (4-1) during these signal trans-
migsions.

10 8. Bus access circuit for connecting an assembly (2,

3) of a programmable logic controller to a bus (5),

- it being possible to connect the assembly (2, 3) to
the bus at least via a first and a second supply
line (11', 11") and a signal line (1l1-l1la, 11-1b,

15 11-2 to 11-5),

- there being arranged in at least one of the supply
lines (11') a variable resistor (12) having a con-
trol input, which is connected to an evaluation
circuit (13) by means of which the variable resistor

20 - (12) can be controlled to have a high resistance or
a low resistance, -

- the evaluation circuit (13) having a test input
(14") by means of which it is possible to acquire
the potential present at the assembly (2, 3),

25 - the evaluation circuit (13) being designed in such
a way that it

- -- controls the variable resistor (12) to have a

high resistance when an assembly (2 3) is not
connected the bus (5),
30 - -- controls the variable resistor (12) to have a low
resistance when the assembly (2, 3) is connected
to the bus (5),
-- waits for a run-up time (T;) to elapse after the
variable resistor (12) has been controlled to
35 have a low resistance,

-- controls the variable resistor (12) to have a
high resistance again if the potential present at
the test input (14”) lies ocutside a predetermined

REPLACEMENT SHEET

AMENDED SHEET

28 AUG 1998




designed in such a way that it connects the asse t he bus
viathe signal line (11-la, 11-lb, 11-2 to 10 1 II MIB

potential present at the test input 14") of ircuit
(13) lies witHH 0P 3182 R edet erni ned ¥4Rue range after the run-up time
(T[err]) has el aps 11. Bus access circuit according to

Cl ai m 10, charac- 15 V‘E 1¢ ;Kpnge  after; thearypcuBsskimey (By) 3hass
designed in such a elapsedpyardiat after being connected to the bus (5),

it -- receive yat es.sktgnals transmifed via
the signal line (4-1), é%ma%%}hneotv & FF§ﬁ§g°§g1(i£) to havg @ Ipynal s
via the signal |ine (zr:e__glstance only -af tpmau wioraterstimn ade@Dt (@]9 ehaisgnal

to the evag u- elapsédion circuit (13) if it is able to evaluate the
signals transmtted via t%e signal line (4-1), and 25 -

in that the evaluation circuit (13) is designed in such a way
that it controls the variable resistor (12) to have a high
resistance if it has not recei ved the acceptance signal after an
accept ance waiting time (T4) has el apsed.
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characterized
fromtime to
connected to
that the eva
during the fi

30 12. Bus access circuit according to on to 11,
- in that the bus (5) |s m‘%mﬁlm“ﬂmma way that
tine it detern1nes whi ch asse lies are
@R 96nR 3182 P GR 96‘ 3182 P -16 -

has 5
(5) inawit
signal before

5

10

15

20

25

30

gatlon circuit (13) js

th t,
st det cPHF2EFRRS o‘F"rcu:"t °°¥‘+‘£‘%o‘i’ﬂ1e@t¥'ﬂ“ ?sé’ﬁﬁ |a§y 2
3), which is tarized in that theubvanuatibhec&¢cuptamm§hmma|dqyxgnmﬂ(TA)

iha%‘éi 4 '}i:ef%cﬁﬂgk:eitt ATl v%htasﬂeh "ré@iss tor

I'ng nmann
(122 a@cémmce wowt negistance only af{:era) ah gennegiian

time (T,) has elapsed.
10. Bus access circuit according to Claim 8, 9 or 10,
characterized in that the evaluation circuit (13) is
designed in such a way that it connects the assembly (2,
3) to the bus via the signal line (1l-l1a, 11-1b, 11-2 to
11-5) only when the potential present at the test input
(14") of the evaluation circuit (13) lies within the
predetermined value range after the run-up time (T,) has
elapsed.
11. Bus access circuit according to Claim 10, charac-
terized
- in that the assembly (2, 3) is designed in such a
way that after being connected to the bus (5), it
-- receives and evaluates signals transmitted via
the signal line (4-1), but does not itself trans-
mit signals via the signal line (4-1),
-- communicates an acceptance signal to the evalu-
ation circuit (13) if it is able to evaluate the
signals transmitted via the signal line (4-1),
and
- in that the evaluation circuit (13) is designed in
such a way that it controls the variable resistor
(12) to have a high resistance if it has not
received the acceptance signal after an acceptance
waiting time (T,;) has elapsed.
12. Bus access circuit according to one of Claims 8
to 11, characterized _
- in that the bus (5) is designed in such a way that
from time to time it determines which assemblies (2,
3) are connected to it, and
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13- Bus access circuit according to one of Ca

char acteri zed - inthat it is assigned to t@lﬁ'ﬁmﬂw MIUIH
that t he signal Ilneg_fli]ls Ioopedthroughthe 2, 3)

;| east dur| & si gnal - -t ransm ssions, and 15 -
that at | east one swt ") IS assi ned toth eval uati on _
circuit (13), Dy né':fnscrtﬁé vﬁ'ﬁf% @iyaion eireuit whk) ahs odegigned (in 3) s

- not connected to timdhisa way that/( Sdur:mghtﬁé ffﬁg?taigéiﬁ?;:tﬁghggfl S
. . i
:L)lé)g\émdsfnto t he signa %&%éba?%%’n%’f“ | (? él’ wilre 1% 4935 =48 ng
t hese signal transusi afiser the acceptance waiting time (T,) has
5 elapsed, this couples the assembly (2, 3) to the bus
. (5) in a writing manner, too, if it has received the
acceptance signal before the acceptance watlting time
(T4) has elapsed.
13. Bus access circuit according to one of Claims 8
10 to 12, characterized

- in that it is assigned to the bus (5),

- in that the signal line (4-1) is looped through the
assembly (2, 3) at least during part of the signal
transmissions, and

15 - in that at least one switch (13") is assigned to the
evaluation circuit (13) + by means of which switch,
when an assembly (2, 3) is not connected to the bus
(5), a shift register (13'), which is likewise
assigned to the evaluation circuit (13), can be

20 looped into the signal line (4-1) the signal line
(4-1) during'these signal transmissions.
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