ECET 4530

Industrial Motor Control

Relay Logic Example Problem




Introduction

The concept of relay logic involves the utilization of multiple relays
that are wired together in a specific manner in order to create the
Interactive switching function that is required to provide the
desired operational logic for a control circuit.
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In addition to relays, relay logic circuits often incorporate a variety
of other logic devices that also provide on/off switching functions,
such as switches, pushbuttons and timers.




Introduction

This presentation provides a step-by-step - ~

analysis of the operation of a relay-logic |—le ]_“_] ©—
control circuit that contains: S
e Four control relays el - —O—
* Three pushbuttons . =i
e Five indicator lamps N S | O—
 One single-position switch N
hich les of pushbutton A o

upon which a serie ushbu o
presses and releases will be preformed. L 1_4!!71 o—




Introduction

But, instead of simply just reading Sim—_

through this presentation and trying e, sk o
to follow along with the analysis, e -

it is suggested that the viewers of A—0—
this presentation first attempt to = ——0
predict the operation of the system . =
step-by-step, and then utilize the alooyy 1 Lo O—
analysis provided within to identify N
any points of confusion for which — o O—
they might want to seek assistance. F e
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Introduction

Note that a full-page version of the
circuit is provided at the end of this
presentation.

Viewers may find it useful to print E

several copies of the circuit, upon
which they can make notations to
help keep track of the state of each
relay as the steps are performed.

120Vac
¢ P
\P,
o1 PB—2I
—QJ_Q [ o o ] E—
CR1
CRlly
A1 :GI_
| CRll | ¢
CR3|1, CRZ' |
Al 11 CR3| | _._
PB-3
CR4|1, CR2| |
QJf_\»r f 1l ﬁ_
CR2 CR3 | CR4|1,
H’H A 8
CR3| | CR4| | CR4| |
CR2| | CR3|1,
1 A1 U




120Vac 0-

>

Determine the state of the indicator e 9,
lamps after each step is performed: s i
oo+ 55 g
Step 1: Flip Power Switch ON cRf |

Step 2: Press PB-2 cR1) L

:
hilh

Step 3: Release PB-2 cR1 [ cre

:

Step 4: Press PB-3 cR3| L CR| |
1 11 CR3
Step 5: Release PB-3 —l I_

PB-3
I CR4| L CR2| |
1l I
: Press PB-3 2 Time) 0 O \\

:

:

Ste

:

Step 7: Release PB-3 (2 Time)
CR2 CR3 | CR4|J/
Step 8: Press PB-1 Al
Step 9: Release PB-1 ﬁ' |ﬂ| |_ ﬁ' |_
CR2| | CR3|J,

$343 43 ¢

Step 10: Flip Power Switch OFF I Al
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Analysis Notes:
» Logic devices will always be shown in their normal positions.

= In order to identify the current state of each logic device, a green bar ()
will be placed behind a device if that device will allow the flow of current
at a particular point in time, while a red bar (==) will be placed behind
that device if it would prevent the flow of current.

= Since there is a delay between the time that a field coil is (de)energized
and the time that its associated contacts actuate (drop-out), a change in
the state of a relay’s field coil will be shown as an independent event on
one slide, after which the change of state of that relay’s contacts will be
shown on the next slide.

= To help identify which devices experience a change of state from slide to
slide, a blue box () will be placed behind a device to denote a change
of state compared to that displayed on the previous slide.

= After each step is performed and steady-state operation is achieved,
the status of the indicator lamps will be summarized.




120Vac 0-

o

. <o e
.EE‘ Initial system status Y
.. o with the Power Switch et ez
) in the OFF position. o==o ©—
I —— )
e field coils wi
.‘ The field coil 11 Ul
..‘ On: None be colored grey _ ;é}_
— whenever they are 11
‘ de-energized and
..‘. green whenever o I S
Off: Green they are energized B
g off yare energ
CR3| L CR2||
L) Amber I

Blue P;j: . i! !_
Red M )

White

The indicator lamps will also

be displayed together in this

location for ease of viewing.

Note that whenever a lamp is —lCR3 |—|CR4 |— —lCR4 |—
illuminated, the lamp symbol cr2| | cr| |

will change from grey to its 1 1l
stated color.

SmMmH40n <0

CR2 CR3| | CR4| L

| IR

ncH>»-Hwnm

00000

’
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‘CE‘ Step 1: Power Switch < ©
flipped ON PB-1 T
0% ippe N
]
.“‘ CRlI I
..‘ Attempt to predict the =) ;é}_
.“ result before viewing the | .
‘.“ next slides. T | Qj
‘ CR3|J/ CR2| |
@@ e CR3 —)—
.“ %35} o) o _!!_
N Y A1 I ﬁ_
& Q| TN &
g o o
.“ ? CR2 CR3| | CR4| L ):F;I_
e N ﬁ Al
] :
5% | e
= ] 4 O—
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X
©

Step 1: Power Switch
flipped ON Pe-1 i

oo
CR1]|

I
Result: Green Light ON cRi) Y

o

hilh

R

No additional S L=
changes in cra| L cr2l]

the system e ——

PB-3
I CR4| L crR2| |
1l ]

A light-blue background denotes
that the state of that device
changed from the previous slide
to the current slide.

SmMmH40n <0

CR2 CR3| | CR4| L

| IR

it

cr2] | CR3| |
" 1l

L.e. — The “Power Switch” was
in the OFF position and the
Green Light was OFF in the
previous slide.

ncH>»-Hwnm

(OB RO RO

’
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N

.'I‘ System status after the <. @
5 Power Switch is - "

Y i : QJ& OO @_
@ flipped ON:
.“‘ CRlI I

. : CR1

... On: Green n );%1_
.. CR1, ‘ CR1

Off: Amber

e B S
ue
- (| T
Red .- L my
White QJJZ 2 1

SmMmH40n <0

CR2 CR3] | CR4| L

| IR

ncH>»-Hwnm

(OB RO RO

it

CcrR2| | CR3| b
Il Al

’
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N

.CE‘ Step 2: PB-2 Pressed e Q)
. (and held ill) ob1 PB-2
(B P
9
.“‘ CRlII
..‘ Attempt to predict the =) ﬁ_
.“ result before viewing the
‘.“ next slides. T | |—¢i_
) cR3| L CR2]|
.‘ 1l ] CR3 +
... Sé} o] o E!!_
(1) Y Al I ﬁ_
o S N
e © -
.“ ? CR2 CR3| | CR4| L ):F;I_
&) N ﬁ Al
L] ’
e | e e 9
o ] 4 O—




120Vac 2-

o

X
©)

CE . _
Step 2: PB-2 Pressed

..‘ (and held in) - pEi

“.. o O @_

.“‘ CRlI I

.‘.0 Result: CR1 field coil S

is energized...

CRL CR1
CR3] L, CR2]|

The “...” denotes that there is a a1 i ﬁl |_

delay between the time when a F’B'3I cRA| L cr2] |
field coil is (de)energized and the 1l I
time that any additional events
occur when its associated contacts
actuate (drop-out).

I.e. — The CR1 field coil has been
energized, but the CR1
contacts have yet to actuate;
their actuation will be
addressed in the next slide.

SmMmH40n <0

CR2 CR3] | CR4| L

| IR

it

cr2| | CR3| L
'l 1l

ncH>»-Hwnm

(OB RO RO

’
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120Vac 2-

N

Step 2: PB-2 Pressed oL @
(continued)  (and held in) . PB-i
QJ& O O {cr)—
CRll |
I
Delay: After CRI1 field by 7)3_

coil is energized:

CR1 CR1

CR1 contacts cR3| L cR2f]
change position %;é} e — —@—
“which instantaneously causes” v S :_3| . CR4| L, CR2] |
: Al i :1_3
Green Light OFF RO} 00
Amber Light ON " —@®—
S CR2 CR3 | CR4|J/
A A1 O
No additional 5{%}
changes in ° QJ} — =
the system - — = Qj_




120Vac 2-

w

.'I‘ System status after L @
.. o PB-2 Pressed: PE;J& Pfi
@ o © @_
.“‘ CRlI I
. . CR1

CR1 CR1

Off: Green

“ Bl CR3| L, CR2]|
ue
1l I ﬁl I_
Red o .
White QJJZ A i

SmMmH40n <0

CR2 CR3] | CR4| L

| IR

ncH>»-Hwnm

(OB 0RO o]

it

CcrR2| | CR3| b
] 1Tl

’
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Step 3: PB-2 Released

il

PB-2
PB-1
olo —Loc
CR1] |

I
Attempt to predict the cruy b

result before viewing the
next slides.

@
Bl

(@]

hillh

R

CRL CR1

CR3] ], CR2]|

A1 cra
ol ok E!!_
A 1

SmMmH40n <0

CR2 CR3| | CR4| L

| IR

ncH>»-Hwnm

(OB 0RO o]

it

cr2] | CR3| |
" 1l

’
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120Vac 3-

o

CE Step 3: PB-2 Released e ©
.O‘ _ i
y D> olo+ 55 E—
.“‘ CRlI I
..‘ Result: No additional ik 7)3_
.‘. changes in . -
(0 the system T |

CR3] ], CR2]|

A cr3
ol ok ;!!_
A 1

SmMmH40n <0

CR2 CR3] | CR4| L

| IR

ncH>»-Hwnm

(OB 0RO o]

it

cr2| | CR3| L
'l 1l

’
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120Vac 3-

N

.'I‘ System status after e @
Q PB-2 is Released: - =7
“.. QJ& OO (cru)}—
.“‘ CRlI I
. : CR1

CR1 CR1

Off: Green

> B S
ue
A1 T
Red A .
White QJJZ A1 11

SmMmH40n <0

CR2 CR3] | CR4| L

| IR

ncH>»-Hwnm

(OB 0RO o]

it

CR2] | CR3| L
I Al

’
343 43 ¢
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N

.CE‘ Step 4: PB-3 Pressed e Q)
. (and held ill) ob1 PB-2
28 o
9
.“‘ CRlII
..‘ Attempt to predict the ik ;é}_
.“ result before viewing the
‘.“ next slides. T | |—¢§_
) cR3| L CR2]|
.‘ 1l ] CR3 +
... S%;é} o] o E!!_
(1) Y Al I ﬁ_
o o N
e © o
.“ ? CR2 CR3| | CR4| L ):F;I_
&) N ﬁ Al
L] ’
e | e e 9
o ] 4 O—




120Vac

]
o

.EE‘ Step 4: PB-3 Pressed e ©
il (and held in) s pfj_
‘... QJ& om0 @_
.“‘ CRlI I
. . 1 CR1
... “and simui!iiussll:”lt Red Ll%ht ON ’}Jl/ ﬁ_
(S CR?3 field coil ] Lo
(& is energized... oL 2l
A1 | CR3
gja} i —F
o Vo4 | ©O—
103 ] —O—
E * CR2 CR3 I CRi} Jl, *
o e I
o ] 4 o




|
[S]

L ]
™

Step 4: PB-3 Pressed

‘? g
(2] el
=9

>
L) :
. (continued)  (and held in) ob1 PB-2
> T
.“‘ CRlI I
..‘ Result: After CR3 field oy
[ coil is energized:
.. g CR1L ‘ CR1

CR3 contacts -

change position P ;L F— —

CR4| L crR2| |

No additional
changes in

SmMmH40n <0

108 SO8°RC;

the system s CR2|A, CRII| CRaLL
i g
A
U
s CR3| | CR4| | CR4| |
crR2] | CR3| L

343 43 ¢
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|
w

.'I‘ System status after <. @
Q2 PB-3 is Pressed: - i
“.. QJ& OO (cru)}—
.“‘ CRlI I
..‘ On: Amber = G

i Red t}
.... cg: [_cre
* off: G o oy

: reen
o A
Blue P;L . Iy

White

SmMmH40n <0

CR2 CR3] | CR4| L

| IR

ncH>»-Hwnm

108 SO8°RC;

i

CcrR2| | CR3| L

I 1l

343 43 ¢
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Step S: PB-3 Released

il

03
9.0

(@)
el
[
e
p—

Attempt to predict the cruy b

result before viewing the 7
next slides.

CRL CR1

CR4| L crR2| |

hillh

CR3 CR2 I_ s
A
o

SmMmH40n <0

CR2 CR3| | CR4| L

| IR

ncH>»-Hwnm

108 SO8°RC;

i

cr2] | CR3] L

B 1l
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120Vac

.'I‘ Step 5: PB-3 Released e @
. PB-1 Pi
“.. QJ& Qo {c }—
.“‘ CRlI I
. _: i CR1
.‘. Result: Blue Ll%ht ON /} J|' G
Y CR2 field coil ol [ e

9 _ is energized... cR3 L CR2
%?} —
z* CR2 CRSI CRj‘Ul, *
5 g
o =[ 4 O—




120Vac 5-

N

CE Step 5: PB-3 Released L ©
..‘ (continued) PB-1 P'ﬂ_
y D> olo 5 E—
.“‘ CRlI I
..‘ Result: After CR2 field coil ik 7);331_
.‘. is energized: . -

. —
de-energized...

ncH>»-Hwnm

(& CR2 contacts ol L cr2
changi position S %;é} PBQL:” m.ljl,_ i!!—
Red Light OFF 08 oo g
* v N\
CR3 field coil is g eyl cRa|| cRalL
o}

i

cr2| | CR3| L
Ul 1l
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120Vac

i
(93]

CE Step S: PB-3 Released e Q)
.:: (continued) PB-1 P'ﬂ_
80 olot—=s ©—
.“‘ cmH
L Result: After CR3 field coil S
@ — ", ) A :
.‘. is de-energized: . -
" = | I—Z:f—
(S CR3 contacts cR3| L cR2| |
change position %;é} P;}: ' — — ©
Vv s Ny CRA| L cr2| |
Y A i
White Light ON RO} —o=o~ o
L M*
CRA4 field coil is s CR2| L, CR3|| CR4| L ):F;I_
energized... . {F;J} b
O | AR 8
= ] 4 (O




120Vac 5-

EN

CE Step S: PB-3 Released e @
..‘ (continued) PB-1 Plﬂ_
B olo + 5=
9
.“‘ CRlI I
..‘ Result: After CR4 field coil crip ) 7)3_
(] is energized: i
.. cri] L_cre
(1) T | Qj
(S CR4 contacts cR3| L cR2] |
change position %;é} P ;3;' . — *
s CR4| L crR2| |
Y A 1l
No additional E{é} —OTON
changes in ¥ *
the system s ﬁ ik )y ﬁ_
Lo W i B o

' 1l




120Vac 5-5

L ]
™

System status after

..‘ PB-3 is Released: b1 7

‘. QJ& OO CRL
)

.“‘ CRlI I
..‘ On: Amber ik ));é}_
... Blue CR1 CR1

() White = = |—Z : E—

CR3] L, CR2||

1l ] CR3| |
F’B_SI CR4| L crR2| |
1l ]

Off: Green
Red

SmMmH40n <0

CR2 CR3] | CR4] L

| R B

ncH>»-Hwnm

——

cr2| | CR3| L
" 11

[OSCS _SCSC;5
!
543 43




120Vac 5.5

‘CE‘ Step 6: PB-3 Pressed e @
0l (and held in 2" time) - pB_2
XX oy o5
.“‘ CRlI I
.‘ Attempt to predict the e ¢

result before viewing the

- CR1 CR1
next slides. |_(§_

CR3] L, CR2||

11 Ul CR3
P;j& CR4| L ;!!_
11 1l

SmMmH40n <0

CR2 CR3] | CR4] L

| R B

——

CR2] | CR3| L
] Al

ncH>»-Hwnm

[OSO8 RORO
!
54h 4




120Vac 6-1

.'I‘ Step 6: PB-3 Pressed . @
@ (and held in 2" time) . PEj_
X P
@
.“‘ CRlI I

. : i CR1 ﬁ
... Result: Red Ll%ht ON . G
.... CR3 ﬁeld COil CF%: CRL | Q

is energized... cra|L cr2f |

1l " ﬂ“_
¥

CR4|J, CR2||
1l ]

SmMH0n <0

CR2 CR3] | CR4] L.

1l

ncHr»-Hwnm

[oF 8 Scofc;

—

CR2|| CR3|J,
" A1

g
{s}% l% l%




120vVac 6-

N

. g
de-energized...

ncHr»-Hwnm

A

cr2| | CR3] |
" 1l

.EE‘ Step 6: PB-3 Pressed e @
) (continued)  (and held in 2" time) . PEj_
D) ele + == O—
.“‘ CRlI I
..‘ Result: After CR3 field coil crip ) 7)3_
(] is energized: -
.. cri] L_cre
(1) T | Q
(& CR3 contacts oo oy
change position ﬁ P B;L — ®
v ) Ogn
Blue Light OFF 10} —o
; ©
CR?2 field coil is # CR2 CR3||  CR4|L *
10; ¢




120vVac 6-

w

.'I‘ Step 6: PB-3 Pressed <. @

il (continued)  (and held in 29 time) s Pe-2

pid | i

@ OO @_
.“‘ CRlI I

.‘.‘ Result: After CR2 field coil oy ;é}_

is de-energized:

CRL CR1

CR2 contacts -

change position P ;L F— A

CR4| L CR2| |

No additional
changes in

SmMH0n <0

CR2 CR3] | CR4] L

the system M

e

cr2| | CR3| L
Ul 1l

ncHr»-Hwnm

[OF _RoScgc;
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™

System status after

..‘ PB-3 is Pressed: - =2
“.. (an time) QJ& oo CR1
.“‘ CRlI I
.‘.. @: ﬁg:iber CRi} Jl, )):}G
:0:0 White = |_Q§_
CR3 CR2 I_ - @
Off:  Green s ﬁ P;L cray b ;! !_
Blue : Q} S g 1 ;é}_
© —6—
S CR2 CR3 | CR4|J/
i # N *
o e e e e O
cr2| | CR3| L er(
I 11 Xl/(
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m

Step 7: PB-3 Released

@ :
@ (2 time)
os olo OJ—C
“‘ CRlI I
..‘ Attempt to predict the ik ;é}_
.“ result before viewing the | .
‘.“ next slides. T | (’§
‘ CR3 CR2
s o | byl
s CR4| L CR2] | S
% {%} S A1 I :1_
o
E * CR2 CR3 I CRilljl/ *
o e (e R R e
cr2] | CR3| L )’jr(
3 1 A




120Vac 7.

o

.'I‘ Step 7: PB-3 Released <. @
il (2" time) . PB—2I
‘:.: o c :CRI’_
CRll |
() |
. : i CR1
... Result: Red L1g+ht OFF »H’ G

CRa3 field coil is Ry o

de-energized... cR3 L CR2
T
PB'i CR4| L CR2| |
4 I

SmMH0n <0

CR2 CR3] | CR4] L

R

ncHr»-Hwnm

[ORCRORCRC;

e

CR2] | CR3| L
I A1

’
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120Vac 7-

N

. . g
is de-energized...

ncHr»-Hwnm

e

cr2] | CR3| |
" 1l

..EE‘ Step 7: P(]23-d3t Re)leased oL @
(continued) nd time PB-1 F’B'zl
“.. QJ& Qo :cm}—
.“‘ cmH
() Result: After CR3 field coil cr1p )
0@ — " ) e { :
.‘. is de-energized: . .
1) + =
(S CR3 contacts cR3| L cR2] |
change position ﬁ N — — ®
¥ s _1 CR4| L crR2| |
M A1 11 :1_5
White Light OFF 10} —o o
& M
CR4 ﬁeld COil ﬁ CR2 CR3| | CR4|L ):F;I_
10} ®




120Vac 7-

w

o Step 7: PB-3 Released e @

0 (continued) (2" time) - PB-zl

‘:‘: QJ& om0 @
CRll |

() . 1]

.‘.. Result: After CR4 field coil CRi} Jl, ;é}_

is de-energized:

CR1 CR1

CR4 contacts cR3| L cR2f]
change position o ——

Ps-i
CR4| L CR2| |
11 Ul

No additional
changes in
the system

SmMH0n <0

CR2 CR3] | CR4| L

| I

——

cr2| | CR3| L
'l 1l

ncHr»-Hwnm

[ORCRORCRC;

’
343 43 ¢




120Vac 7.

EN

.'I‘ System status after <. @
3 PB-3 is Released: po-1 7
“.‘ (2" time) o | o yo— ®
.“‘ CRlI I
. : CR1
.. CR1L ‘ CR1

Off: Green

% B S
ue
A1 T
Red A s .
White QJ& A1 11

SmMH0n <0

CR2 CR3] | CR4| L

| IR

ncHr»-Hwnm

[ORCRORCRC;

it

CR2] | CR3| L
I Al

’
343 43 ¢




120Vac 7-

EN

.CE‘ Step 8: PB-1 Pressed e Q)
. (and held ill) ob1 PB-2
28 o
9
.“‘ CRlII
..‘ Attempt to predict the ik ;é}_
.“ result before viewing the
‘.“ next slides. T | |—¢§_
) cR3| L CR2]|
.‘ 1l ] CR3 +
... Sﬁ ko E!!_
(1) Y Al I ﬁ_
o o e N
e © o
.“ ? CR2 CR3| | CR4| L ):F;I_
&) N {%} Al
L] ;
e o | e e 9
] 4 O—




120Vac 8-

o

.EE‘ Step 8: PB-1 Pressed e ©

il (and held in) oB_1 Pfj_

K k= o—
CR1||

.“ Result: CR1 field coil i i

.‘. esult: ield coil is ik ));é}_

de-energized...

CR1 CR1

CR3] ], CR2]|

A1 3
b T ;!!_
A 1

SmMH0n <0

CR2 CR3| | CR4| L

| IR

ncHr»-Hwnm

[ORCRORCRC;

it

cr2] | CR3| |
" 1l

’
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120Vac 8-

N

Step 8: PB-1 Pressed oL @
(continued)  (and held in) . PB-2|
QiQ Qo {cr)—
CR1| |
I
Result: After CR1 field coil cR1y L );%1_
- A1

is de-energized:

CRL CR1

CR1 contacts cR3| L cR2f]
change position o —4—
* z d£ CRi}]l/ CRZ: :
Green Light ON T
Amber Light OFF "

CR2 CR3] | CR4| L

| IR

ncHr»-Hwnm

[ORCRORCRC;

No additional
— i

changes in
the system =1 “

’
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120Vac 8-

)
D

w

L ]
™

System status after

ZC
PB-1 is Pressed: Ps;ic Plj_c
CRll |

I
Amber CR1| b

o

=
29

R

09"V

Red
LI ¢ u |
* Off: Green “H| -
Blue b T ;!!_
White el L

SmMH0n <0

CR2 CR3] | CR4| L

| IR

ncHr»-Hwnm

[ORCRORCRC;

it

cr2| | CR3| L
'l 1l

’
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120Vac 8-

)
D

w

L ]
m

Step 9: PB-1 Released

il

PB-2
PB-1 I

OO
CR1] |

I
Attempt to predict the cryy b

result before viewing the
next slides.

@
Bl

o

79

R

CRL CR1

CR3] ], CR2]|

A1 cra
b T E!!_
A 1

SmMH0n <0

CR2 CR3| | CR4| L

| IR

ncHr»-Hwnm

[ORCRORCRC;

it

cr2] | CR3| |
" 1l

’
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120Vac 9-

o

CE Step 9: PB-1 Released e ©
e T
o9  —— O—
.“‘ CRlI I
..‘ Result: No additional =) g:%}_
.‘. changes in o -
(0 the system T |

CR3] ], CR2]|

A cr3
b T ;!!_
A 1

SmMH0n <0

CR2 CR3] | CR4| L

| IR

ncHr»-Hwnm

[ORCRORCRC;

it

cr2| | CR3| L
'l 1l

’
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120Vac 9.

N

.'I‘ System status after e @
Q PB-1 is Released: > "
“.. om0 {cr)—
.“‘ CRlI I
. : CR1
... On: Green n );%1_
.. CR1, ‘ CR1

Off: Amber

> B S
ue
A1 T
Red A .
White QJ& A1 11

SmMH0n <0
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