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Chapter 2
Timer Instructions TON, TOF, RTOCounter Instructions CTU, CTDReset RES

Using Timers and Counters 7LPHUV�DQG�FRXQWHUV�OHW�\RX�FRQWURO�RSHUDWLRQV�EDVHG�RQ�WLPH�RU�
QXPEHU�RI�HYHQWV��7DEOH���$�OLVWV�WKH�DYDLODEOH�WLPHU�DQG�FRXQWHU�
LQVWUXFWLRQV�
Table 2.A Available Timer and Counter Instructions

)RU�PRUH�LQIRUPDWLRQ�RQ�WKH�RSHUDQGV��DQG�YDOLG�GDWD�W\SHV�YDOXHV�RI�
HDFK�RSHUDQG��XVHG�E\�WKH�LQVWUXFWLRQV�GLVFXVVHG�LQ�WKLV�FKDSWHU��VHH�
$SSHQGL[�&�

Using Timers
%HIRUH�\RX�SURJUDP�WLPHU�LQVWUXFWLRQV��\RX�QHHG�WR�XQGHUVWDQG�WKH�
SDUDPHWHUV�WKDW�\RX�HQWHU�IRU�WLPHU�LQVWUXFWLRQV�DQG�KRZ�WLPHU�
DFFXUDF\�ZRUNV�

If You Want to: Use this Instruction: Found on Page:
Delay turning on an output TON 2-4
Delay turning off an output TOF 2-7
Time an event retentively RTO 2-10
Count up CTU 2-15
Count down CTD 2-17
Reset a counter, timer, or counter instruction RE 2-20
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2-2 Timer Instructions TON, TOF, RTO Counter Instructions CTU, CTD Reset RES
Entering Parameters 7R�SURJUDP�D�WLPHU�LQVWUXFWLRQ��SURYLGH�WKH�SURFHVVRU�ZLWK�WKH�

IROORZLQJ�LQIRUPDWLRQ�
� 7LPHU�LV�WKH�WLPHU�FRQWURO�DGGUHVV�LQ�WKH�WLPHU��7��DUHD�RI�GDWD�

VWRUDJH��8VH�WKH�IROORZLQJ�DGGUHVV�IRUPDW�

,PSRUWDQW���<RX�FDQ�XVH�DQ\�WLPHU�ILOH�QXPEHU�IURP���WR������
KRZHYHU��WKH�GHIDXOW�WLPHU�ILOH�QXPEHU�LV����,I�\RX�ZDQW�
WR�VSHFLI\�D�WLPHU�ILOH�QXPEHU�DV�DQ\�ILOH�EHWZHHQ���DQG�
���RWKHU�WKDQ�WKH�GHIDXOW�����\RX�PXVW�ILUVW�GHOHWH�WKH�
HQWLUH�GHIDXOW�ILOH�IRU�WKDW�QXPEHU��DQG�WKHQ�FUHDWH�WKH�
WLPHU�ILOH��)RU�H[DPSOH��LI�\RX�ZDQW�D�WLPHU�ILOH�QXPEHU�
DV�ILOH����\RX�PXVW�ILUVW�GHOHWH�WKH�HQWLUH�GHIDXOW�ELQDU\�
ILOH�DQG�WKHQ�FUHDWH�WKH�WLPHU�ILOH�DV�ILOH���

7R�DFFHVV�D�WLPHU�VWDWXV�ELW��SUHVHW��RU�DFFXPXODWHG�YDOXH�VWRUHG�DW�WKH�
WLPHU�FRQWURO�DGGUHVV��XVH�WKH�IROORZLQJ�DGGUHVV�IRUPDW�

7KH�VE�VSHFLILHV�D�VWDWXV�ELW�PQHPRQLF��VXFK�DV��'1
,PSRUWDQW���7KH�SURFHVVRU�VWRUHV�WLPHU�VWDWXV�ELWV�DQG�WKH�SUHVHW�DQG�

DFFXPXODWHG�YDOXHV�LQ�D����ELW�VWRUDJH�VWUXFWXUH��WKUHH�
���ELW�ZRUGV��LQ�D�WLPHU�ILOH��7��

EN
TON
TIMER ON DELAY
Timer
Time base
Preset
Accum

DN

Status Bit Preset Accumulated Value
Tf:s.sb Tf:s.PRE Tf:s.ACC

timer (file type)timer file number  (3-999)

s
timer structure number (0-999)

T f :

preset value (16 bits)
accumulated value (16 bits)

DNTTEN
08 07 06 05 04 03 02 01 0009101112131415

internal use only Control wordfor T4:0

preset value (16 bits)
accumulated value (16 bits)

DNTTEN internal use only Control wordfor T4:1

...

T4:0

T4:1

T4:2
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Timer Instructions TON, TOF, RTO Counter Instructions CTU, CTD Reset RES 2-3
� 7LPH�%DVH�GHWHUPLQHV�KRZ�WKH�WLPHU�RSHUDWHV��7DEOH���%�OLVWV�WKH�

SRVVLEOH�WLPH�EDVHV�
Table 1.B Available Time Base Values

� 3UHVHW�VSHFLILHV�WKH�YDOXH�ZKLFK�WKH�WLPHU�PXVW�UHDFK�EHIRUH�WKH�
SURFHVVRU�VHWV�WKH�GRQH�ELW���'1���<RX�PXVW�HQWHU�D�SUHVHW�YDOXH�
IURP�����������7KH�SURFHVVRU�VWRUHV�WKH�SUHVHW�YDOXH�DV�D����ELW�
LQWHJHU�YDOXH�

,PSRUWDQW���7KH�3UHVHW�YDOXH�RSHUDWHV�GLIIHUHQWO\�LI�\RX�DUH�XVLQJ�D�
72)�LQVWUXFWLRQ��6HH�SDJH�����IRU�PRUH�LQIRUPDWLRQ�

� $FFXPXODWHG�9DOXH�LV�WKH�QXPEHU�RI�WLPH�LQFUHPHQWV�WKH�
LQVWUXFWLRQ�KDV�FRXQWHG��:KHQ�HQDEOHG��WKH�WLPHU�XSGDWHV�WKLV�
YDOXH�FRQWLQXDOO\��7\SLFDOO\��HQWHU�]HUR�ZKHQ�SURJUDPPLQJ�WKH�
LQVWUXFWLRQ��,I�\RX�HQWHU�D�YDOXH��WKH�LQVWUXFWLRQ�VWDUWV�FRXQWLQJ�
WLPH�EDVH�LQWHUYDOV�IURP�WKDW�YDOXH��,I�WKH�WLPHU�LV�UHVHW��WKH�
DFFXPXODWHG�YDOXH�LV�]HUR��7KH�UDQJH�IRU�WKH�DFFXPXODWHG�YDOXH�LV�
����������7KH�SURFHVVRU�VWRUHV�WKH�DFFXPXODWHG�YDOXH�DV�D����ELW�
LQWHJHU��

,PSRUWDQW���7KH�$FFXPXODWHG�YDOXH�RSHUDWHV�GLIIHUHQWO\�LI�\RX�DUH�
XVLQJ�D�72)�LQVWUXFWLRQ��6HH�SDJH�����IRU�PRUH�
LQIRUPDWLRQ�

Timer Accuracy 7LPHU�DFFXUDF\�UHIHUV�WR�WKH�OHQJWK�RI�WLPH�EHWZHHQ�WKH�PRPHQW�WKH�
SURFHVVRU�HQDEOHV�D�WLPHU�LQVWUXFWLRQ�DQG�WKH�PRPHQW�WKH�SURFHVVRU�
FRPSOHWHV�WKH�WLPHG�LQWHUYDO��7LPHU�DFFXUDF\�GHSHQGV�RQ�WKH�
SURFHVVRU�FORFN�WROHUDQFH�DQG�WKH�WLPH�EDVH��7KH�FORFN�WROHUDQFH�LV�
±�������7KLV�PHDQV�WKDW�D�WLPHU�FRXOG�WLPH�RXW�HDUO\�RU�ODWH�E\������
VHFRQGV����PV��IRU�D������VHFRQG�WLPH�EDVH�RU���VHFRQG�IRU�D���VHFRQG�
WLPH�EDVH�
7KH������VHFRQG�WLPHU�PDLQWDLQV�DFFXUDF\�ZLWK�D�SURJUDP�VFDQ�RI�XS�
WR�����VHFRQGV��WKH���VHFRQG�WLPHU�PDLQWDLQV�DFFXUDF\�ZLWK�D�SURJUDP�
VFDQ�RI�XS�WR�����VHFRQGV��,I�\RXU�SURJUDPV�FDQ�H[FHHG�����RU�����
VHFRQGV��UHSHDW�WKH�WLPHU�LQVWUXFWLRQ�UXQJ�VR�WKDW�WKH�UXQJ�LV�VFDQQHG�
ZLWKLQ�WKHVH�OLPLWV�
7KH�GLVSOD\HG�DFFXPXODWHG�YDOXH�RI�D�WLPHU�VKRZV�DFWXDO�WLPH�EXW�LV�
GHSHQGHQW�RQ�&57�XSGDWH�WLPH��7KH�DFFXPXODWHG�YDOXH�PLJKW�DSSHDU�
WR�EH�OHVV�WKDQ�WKH�SUHVHW�ZKHQ�WKH�GRQH�ELW�LV�VHW�

Enter This Time Base: The Accumulated Value Range Is:
1 second to 32,767 time-base intervals (to 9.1hours)
0.01 seconds (10ms) to 32,767 time-base intervals (to 5.5 minutes)
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2-4 Timer Instructions TON, TOF, RTO Counter Instructions CTU, CTD Reset RES
Timer On Delay (TON)

Description: 8VH�WKH�721�LQVWUXFWLRQ�WR�WXUQ�DQ�RXWSXW�RQ�RU�RII�DIWHU�WKH�WLPHU�KDV�
EHHQ�RQ�IRU�D�SUHVHW�WLPH�LQWHUYDO��7KH�721�LQVWUXFWLRQ�VWDUWV�
DFFXPXODWLQJ�WLPH�ZKHQ�WKH�UXQJ�JRHV�WUXH��DQG�FRQWLQXHV�XQWLO�RQH�
RI�WKH�IROORZLQJ�KDSSHQV�
� WKH�DFFXPXODWHG�YDOXH�HTXDOV�LWV�SUHVHW�YDOXH
� WKH�UXQJ�JRHV�IDOVH
� D�UHVHW�LQVWUXFWLRQ�UHVHWV�WKH�WLPHU
� WKH�6)&�VWHS�JRHV�LQDFWLYH
� WKH�SURFHVVRU�UHVHWV�WKH�DFFXPXODWHG�YDOXH�ZKHQ�WKH�UXQJ�

FRQGLWLRQV�JR�IDOVH��UHJDUGOHVV�RI�ZKHWKHU�WKH�WLPHU�WLPHG�
RXW�RU�QRW

Using Status Bits
([DPLQH�VWDWXV�ELWV�LQ�WKH�ODGGHU�SURJUDP�WR�WULJJHU�VRPH�HYHQW��7KH�
SURFHVVRU�FKDQJHV�WKH�VWDWHV�RI�VWDWXV�ELWV�ZKHQ�WKH�SURFHVVRU�UXQV�
WKLV�LQVWUXFWLRQ��<RX�DGGUHVV�VWDWXV�ELWV�E\�PQHPRQLF�

EN
TON
TIMER ON DELAY
Timer
Time base
Preset
Accum

DN

This Bit: Is Set When: Indicates: And Remains Set Until One of the Following Occurs:
Timer Enable.EN (bit 15) the rung goes true that the timer is enabled • the rung goes false • a reset instruction resets the timer• the SFC step goes inactive
Timer Timing Bit .TT (bit 14) the rung goes true that a timing operation is in progress • the rung goes false • the .DN bit is set (.ACC = .PRE)• a reset instruction resets the timer• the associated SFC step goes inactive
Timer Done Bit .DN (bit 13) the accumulated value is equal to the preset value that a timing operation is complete • the rung goes false• a reset instruction resets the timer• the associated SFC step goes inactive
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Timer Instructions TON, TOF, RTO Counter Instructions CTU, CTD Reset RES 2-5
,I�\RX�VHW�WKH�GRQH�ELW��'1�XVLQJ�DQ�27(�LQVWUXFWLRQ��IRU�H[DPSOH��
\RX�FDQ�SDXVH�WKH�WLPHU��7KH��(1�DQG��77�ELWV�UHPDLQ�VHW��EXW�WKH�
DFFXPXODWHG�YDOXH�GRHV�QRW�LQFUHPHQW��7LPLQJ�UHVXPHV�ZKHQ�\RX�
FOHDU�WKH��'1�ELW��,I�WKH�UXQJ�JRHV�IDOVH�ZKLOH�WKH�WLPHU�LV�SDXVHG��WKH�
WLPHU�UHVHWV�DV�QRUPDO�
�� ,I�\RX�FKDQJH�WR�3URJUDP�PRGH��RU�WKH�SURFHVVRU�ORVHV�SRZHU�

EHIRUH�WKH�LQVWUXFWLRQ�UHDFKHV�WKH�SUHVHW�YDOXH��WKH�IROORZLQJ�
RFFXUV�
� WLPHU�HQDEOH���(1��ELW�UHPDLQV�VHW
� WLPHU�WLPLQJ���77��ELW�UHPDLQV�VHW
� DFFXPXODWHG���$&&��YDOXH�UHPDLQV�WKH�VDPH

�� 7KHQ�ZKHQ�\RX�VZLWFK�EDFN�WR�5XQ�PRGH�RU�7HVW�PRGH�RU�SRZHU�
LV�UHVWRUHG��WKH�IROORZLQJ�KDSSHQV�

Figure 2.1 Example TON Ladder Diagram

Condition: Result:
If the rung is true: .EN bit remains set.TT bit remains set.DN bit remains reset.ACC value is reset and starts counting up
If the rung is false: .EN bit is reset.TT bit is reset.DN bit is reset.ACC value is reset

EN
TON
TIMER ON DELAY
Timer
Time base
Preset
Accum

T4:0
1.0

180
0

DN

T4:0
TT

O:013Sets the output while the timer is timing

I:012

T4:0
DN

O:013Sets the output when the timer is done timing

10

01

02
When bit I:012/10 is set, the processor starts T4:0. The accumulated value increments in 1-second intervals.T4:0.TT is set and output bit O:013/01 is set (the associated output device is energized) while the timer is timing.When the timer is finished (.ACC = .PRE) T4:0.TT is reset (so O:013/01 and the associated output device isde-energized) and T4:0.DN is set (so O:013/02 is set and the associated output device is energized). When theaccumulated value reaches 180, the .DN bit is set.  Or if the rung goes false, the timer is reset.

When the input condition is true, theprocessor increments the accumulated valueof T4:0 in 1-second increments.
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2-6 Timer Instructions TON, TOF, RTO Counter Instructions CTU, CTD Reset RES
Figure 2.2 Example TON Timing Diagram

ON
OFF

180
1200

16649

Rung Condition

Timer Enable Bit

Timer Timing Bit

Timer Done Bit
Output Device(Controlled by Done Bit)

Timer Accumulated Value(Accumulator)

Timer Preset = 180

2 minutes
3 minutes ONDelay

ON
OFF

ON
OFF

ON
OFF

ON
OFF
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Timer Instructions TON, TOF, RTO Counter Instructions CTU, CTD Reset RES 2-7
Timer Off Delay (TOF)

Description: 8VH�WKH�72)�LQVWUXFWLRQ�WR�WXUQ�DQ�RXWSXW�RQ�RU�RII�DIWHU�LWV�UXQJ�KDV�
EHHQ�RII�IRU�D�SUHVHW�WLPH�LQWHUYDO��7KH�72)�LQVWUXFWLRQ�VWDUWV�
DFFXPXODWLQJ�WLPH�ZKHQ�WKH�UXQJ�JRHV�IDOVH�DQG�FRQWLQXHV�WLPLQJ�
XQWLO�RQH�RI�WKH�IROORZLQJ�FRQGLWLRQV�RFFXU�
� WKH�DFFXPXODWHG�YDOXH�HTXDOV�LWV�SUHVHW�YDOXH
� WKH�UXQJ�JRHV�WUXH
� D�UHVHW�LQVWUXFWLRQ�UHVHWV�WKH�WLPHU
� WKH�6)&�VWHS�JRHV�LQDFWLYH
7KH�SURFHVVRU�UHVHWV�WKH�DFFXPXODWHG�YDOXH�ZKHQ�WKH�UXQJ�FRQGLWLRQV�
JR�WUXH��UHJDUGOHVV�RI�ZKHWKHU�WKH�WLPHU�WLPHG�RXW�RU�QRW�

Using Status Bits
([DPLQH�VWDWXV�ELWV�LQ�WKH�ODGGHU�SURJUDP�WR�WULJJHU�VRPH�HYHQW��7KH�
SURFHVVRU�FKDQJHV�WKH�VWDWHV�RI�VWDWXV�ELWV�ZKHQ�WKH�SURFHVVRU�UXQV�
WKLV�LQVWUXFWLRQ��<RX�DGGUHVV�WKH�VWDWXV�ELWV�E\�PQHPRQLF�

EN
TOF
TIMER OFF DELAY
Timer
Time base
Preset
Accum

DN

This Bit: Is Set When: And Remains Set Until One of the Following Occurs:
Timer Enable .EN (bit 15) the rung goes true • the rung goes false• a reset instruction resets the timer• the SFC step goes inactive
Timer Timing Bit .TT (bit 14) the rung goes false and the accumulated value is less than the preset

• the rung goes true • the .DN bit is set (.ACC = .PRE)• a reset instruction resets the timer• the associated SFC step goes inactive
Timer Done Bit .DN (bit 13) the rung goes true • the accumulated value is equal to the preset value
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2-8 Timer Instructions TON, TOF, RTO Counter Instructions CTU, CTD Reset RES
,I�\RX�VHW�WKH�GRQH�ELW��'1�XVLQJ�DQ�27(�LQVWUXFWLRQ��IRU�H[DPSOH��
\RX�FDQ�SDXVH�WKH�WLPHU��7KH��(1�DQG��77�ELWV�UHPDLQ�VHW��EXW�WKH�
DFFXPXODWHG�YDOXH�GRHV�QRW�LQFUHPHQW��7LPLQJ�UHVXPHV�ZKHQ�\RX�
FOHDU�WKH��'1�ELW��,I�WKH�UXQJ�JRHV�IDOVH�ZKLOH�WKH�WLPHU�LV�SDXVHG��WKH�
WLPHU�UHVHWV�DV�QRUPDO�
�� ,I�\RX�FKDQJH�WR�3URJUDP�PRGH��RU�WKH�SURFHVVRU�ORVHV�SRZHU��RU�

WKH�SURFHVVRU�IDXOW�LQWHUUXSWV�WKH�72)�LQVWUXFWLRQ�EHIRUH�LW�
UHDFKHV�WKH�SUHVHW�YDOXH��WKH�IROORZLQJ�RFFXUV�
� WLPHU�HQDEOH���(1��ELW�UHPDLQV�UHVHW
� WLPHU�WLPLQJ���77��ELW�UHPDLQV�VHW
� WLPHU�GRQH���'1��ELW�UHPDLQV�VHW
� DFFXPXODWHG���$&&��YDOXH�UHPDLQV�WKH�VDPH

�� 7KHQ�LI�\RX�VZLWFK�WR�5XQ�PRGH�RU�7HVW�PRGH��WKH�IROORZLQJ�
KDSSHQV��

'XULQJ�SUHVFDQ��WKH�IROORZLQJ�KDSSHQV�
� WLPHU�WLPLQJ���77��ELW�LV�FOHDUHG
� DFFXPXODWHG���$&&��YDOXH�LV�HTXDO�WR�WKH�SUHVHW�YDOXH

Condition: Result:
If the rung is true: .EN bit is set.TT bit is reset.DN bit remains set.ACC value is cleared
If the rung is false: .EN bit is reset.TT bit is reset.DN bit is reset.ACC value equals PRE value (the timer does not start timing)

�
$77(17,21� %HFDXVH�WKH�5(6�LQVWUXFWLRQ�UHVHWV�WKH�
DFFXPXODWHG�YDOXH��GRQH�ELW�DQG�WLPLQJ�ELWV�RI�D�WLPLQJ�
LQVWUXFWLRQ��GR�QRW�XVH�WKH�5(6�LQVWUXFWLRQ�WR�UHVHW�D�72)�
WLPHU�
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Timer Instructions TON, TOF, RTO Counter Instructions CTU, CTD Reset RES 2-9
Figure 2.3 Example TOF Ladder Diagram

Figure 2.4 Example TOF Timing Diagram

EN
TOF
TIMER OFF DELAY
Timer
Time base
Preset
Accum

T4:0
1.0
180

0
DN

T4:0
TT

O:013Sets the output while the timer is timing

I:012

T4:0
DN

O:013Resets the output when the timer is done timing

10

01

02

When the input goes false, the processor starts incrementing the accumulated value in T4:0 in1-second increments until the input goes true.

When bit I:012/10 is reset, the processor starts timer T4:0. The accumulated value increments by 1-second intervals as long as therung remains false. T4:0.TT is set and output bit O:013/01 is set (the associated output device is energized) while the timer is timing.When the timer is finished (.ACC = .PRE), T4:0.TT is reset (so O:013/01 is reset and the associated output device is de-energized)and T4:0.DN is reset (so O:013/02 is reset and the associated output device is de-energized). When the accumulated value reaches180 or when the rung conditions go true, the timer stops.

ON
OFF

180
120

0 16650

Rung Condition
Timer Enable Bit
Timer Timing Bit

Timer Done Bit
Output Device(Controlled by Done Bit)

Timer Accumulated Value(Accumulator) Timer Preset = 180

2 minutes 3 minutesOFF Delay

ON
OFF

ON
OFF

ON
OFF

ON
OFF

Time
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2-10 Timer Instructions TON, TOF, RTO Counter Instructions CTU, CTD Reset RES
Retentive Timer On (RTO)

Description: 8VH�WKH�572�LQVWUXFWLRQ�WR�WXUQ�DQ�RXWSXW�RQ�RU�RII�DIWHU�LWV�WLPHU�KDV�
EHHQ�RQ�IRU�D�SUHVHW�WLPH�LQWHUYDO��7KH�572�LQVWUXFWLRQ�OHWV�WKH�WLPHU�
VWRS�DQG�VWDUW�ZLWKRXW�UHVHWWLQJ�WKH�DFFXPXODWHG�YDOXH�
7KH�572�LQVWUXFWLRQ�EHJLQV�WLPLQJ�ZKHQ�LWV�UXQJ�JRHV�WUXH��$V�ORQJ�
DV�WKH�UXQJ�UHPDLQV�WUXH��WKH�WLPHU�XSGDWHV�WKH�DFFXPXODWHG�YDOXH�
HDFK�SURJUDP�VFDQ��XQWLO�LW�UHDFKHV�WKH�SUHVHW�YDOXH��7KH�572�
LQVWUXFWLRQ�UHWDLQV�LWV�DFFXPXODWHG�YDOXH�HYHQ�LI�RQH�RI�WKH�IROORZLQJ�
RFFXUV�
� WKH�UXQJ�JRHV�IDOVH
� \RX�FKDQJH�WR�3URJUDP�PRGH
� WKH�SURFHVVRU�IDXOWV�RU�ORVHV�SRZHU
� WKH�6)&�VWHS�JRHV�LQDFWLYH�
:KHQ�WKH�SURFHVVRU�UHVXPHV�RSHUDWLRQ�RU�WKH�UXQJ�JRHV�WUXH��WLPLQJ�
FRQWLQXHV�IURP�WKH�UHWDLQHG�DFFXPXODWHG�YDOXH��%\�UHWDLQLQJ�LWV�
DFFXPXODWHG�YDOXH��UHWHQWLYH�WLPHUV�PHDVXUH�WKH�FXPXODWLYH�SHULRG�
GXULQJ�ZKLFK�LWV�UXQJ�LV�WUXH�
,PSRUWDQW���7R�UHVHW�WKH�UHWHQWLYH�WLPHU¶V�DFFXPXODWHG�YDOXH�DQG�

VWDWXV�ELWV�DIWHU�WKH�572�UXQJ�JRHV�IDOVH��\RX�PXVW�
SURJUDP�D�UHVHW�LQVWUXFWLRQ�5(6�ZLWK�WKH�VDPH�DGGUHVV�
LQ�DQRWKHU�UXQJ�

Using Status Bits
([DPLQH�VWDWXV�ELWV�LQ�WKH�ODGGHU�SURJUDP�WR�WULJJHU�VRPH�HYHQW��7KH�
SURFHVVRU�FKDQJHV�WKH�VWDWHV�RI�VWDWXV�ELWV�ZKHQ�WKH�SURFHVVRU�UXQV�
WKLV�LQVWUXFWLRQ��<RX�DGGUHVV�WKH�VWDWXV�ELWV�E\�PQHPRQLF�

EN
RTO
RETENTIVE TIMER ON
Timer
Time base
Preset
Accum

DN

This Bit: Is Set When: Indicates: And Remains Set Until One of the Following Occurs:
Timer Enable Bit .EN (bit 15) the rung goes true that a timing operation is in progress • the rung goes false• a reset instruction resets the timer
Timer Timing Bit .TT (bit 14) the rung goes true that a timing operation is in progress • the rung goes false• the .DN bit is set• the accumulated value is equal tothe preset value (.ACC=.PRE)• a reset instruction resets the timer
Timer Done Bit .DN (bit 13) the accumulated value is equal to the preset value that a timing operation is complete • the .DN bit is reset with the RES instruction.
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Timer Instructions TON, TOF, RTO Counter Instructions CTU, CTD Reset RES 2-11
,I�\RX�VHW�WKH�GRQH�ELW��'1�XVLQJ�DQ�27(�LQVWUXFWLRQ��IRU�H[DPSOH��
\RX�FDQ�SDXVH�WKH�WLPHU��7KH��(1�DQG��77�ELWV�UHPDLQ�VHW��EXW�WKH�
DFFXPXODWHG�YDOXH�GRHV�QRW�LQFUHPHQW��7LPLQJ�UHVXPHV�ZKHQ�\RX�
FOHDU�WKH��'1�ELW��,I�WKH�UXQJ�JRHV�IDOVH�ZKLOH�WKH�WLPHU�LV�SDXVHG��WKH�
WLPHU�UHVHWV�DV�QRUPDO�
�� ,I�\RX�FKDQJH�WR�3URJUDP�PRGH��RU�WKH�SURFHVVRU�ORVHV�SRZHU��RU�

D�SURFHVVRU�IDXOW�LQWHUUXSWV�WKH�572�LQVWUXFWLRQ��WKH�IROORZLQJ�
RFFXUV�
� WLPHU�HQDEOH���(1��ELW�UHPDLQV�VHW
� WLPHU�WLPLQJ���77��ELW�UHPDLQV�VHW
� DFFXPXODWHG���$&&��YDOXH�UHPDLQV�WKH�VDPH

�� :KHQ�\RX�VZLWFK�EDFN�WR�5XQ�PRGH�RU�7HVW�PRGH��WKH�IROORZLQJ�
KDSSHQV�

Figure 2.5 Example RTO Ladder Diagram

Condition: Result:
If the rung is true: .EN bit remains set.TT bit remains set.ACC value continues timing
If the rung is false: .EN bit is reset.TT bit is reset.DN bit remains the same.ACC value remains the same

EN
RTO
RETENTIVE TIMER ON
TimerTime basePresetAccum

T4:101.01800
DN

I:012
10 When the input is true, the processor starts incrementingthe accumulated value of T4:10 in 1-second increments.The timer values remain when the input goes false.

RESI:017
12

T4:10Resets the timer
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2-12 Timer Instructions TON, TOF, RTO Counter Instructions CTU, CTD Reset RES
Figure 2.6 Retentive Timer Timing Diagram

ON
OFF

180
120

0 16651

Rung Condition
Timer Enable Bit

Timer Timing Bit

Timer Done Bit

Output Device(Controlled by Done Bit)

Timer Accumulated Value(Accumulator)
Timer Preset = 180

ON
OFF

ON
OFF

ON
OFF

ON
OFF

Reset Pulse

40
100

ON
OFF
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Timer Instructions TON, TOF, RTO Counter Instructions CTU, CTD Reset RES 2-13
Using Counters %HIRUH�XVLQJ�FRXQWHU�LQVWUXFWLRQV��\RX�QHHG�WR�XQGHUVWDQG�WKH�

SDUDPHWHUV�WKDW�\RX�HQWHU�

Entering Parameters
7R�SURJUDP�D�FRXQWHU�LQVWUXFWLRQ��SURYLGH�WKH�SURFHVVRU�ZLWK�WKH�IROORZLQJ�
LQIRUPDWLRQ�
� &RXQWHU�LV�WKH�FRXQWHU�FRQWURO�DGGUHVV�LQ�WKH�FRXQWHU��&��DUHD�RI�

GDWD�VWRUDJH��8VH�WKH�IROORZLQJ�DGGUHVV�IRUPDW�

,PSRUWDQW���<RX�FDQ�XVH�DQ\�FRXQWHU�ILOH�QXPEHU�IURP���WR������
KRZHYHU��WKH�GHIDXOW�FRXQWHU�ILOH�QXPEHU�LV����,I�\RX�
ZDQW�WR�VSHFLI\�D�FRXQWHU�ILOH�QXPEHU�DV�DQ\�ILOH�
EHWZHHQ���DQG����RWKHU�WKDQ�WKH�GHIDXOW�����\RX�PXVW�
ILUVW�GHOHWH�WKH�HQWLUH�GHIDXOW�ILOH�IRU�WKDW�QXPEHU��DQG�
WKHQ�FUHDWH�WKH�FRXQWHU�ILOH��)RU�H[DPSOH��LI�\RX�ZDQW�D�
FRXQWHU�ILOH�QXPEHU�DV�ILOH����\RX�PXVW�ILUVW�GHOHWH�WKH�
HQWLUH�GHIDXOW�ELQDU\�ILOH�DQG�WKHQ�FUHDWH�WKH�FRXQWHU�ILOH�
DV�ILOH���

7R�DFFHVV�D�FRXQWHU�VWDWXV�ELW��SUHVHW�YDOXH��RU�DFFXPXODWHG�YDOXH��XVH�
WKH�IROORZLQJ�DGGUHVV�IRUPDW�

7KH�EE�LV�D�VWDWXV�ELW�PQHPRQLF��VXFK�DV��'1
,PSRUWDQW���7KH�SURFHVVRU�VWRUHV�FRXQWHU�VWDWXV�ELWV�DQG�WKH�SUHVHW�

DQG�DFFXPXODWHG�YDOXHV�LQ�D�VWRUDJH�VWUXFWXUH�����ELWV�±�
WKUHH����ELW�ZRUGV��LQ�D�FRXQWHU�ILOH��&��LQ�WKH�GDWD�WDEOH�

CU
CTU
COUNT UP
Counter
Preset
Accum

DN

Status Bit Preset Accumulated Value
Cf:s.bb Cf:s.PRE Cf:s.ACC

counter (file type)counter file number (3-999)

s
counter structure number (0-999)

C f :

preset (16 bits)
accumulated value (16 bits)

DNCU
08 07 06 05 04 03 02 01 0009101112131415

internal use only Control wordfor C5:0

preset (16 bits)
accumulated value (16 bits)

DNCU internal use only Control wordfor C5:1

...

C5:0

C5:1

C5:2

OV

OV

CD

CD

UN

UN
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2-14 Timer Instructions TON, TOF, RTO Counter Instructions CTU, CTD Reset RES
� 3UHVHW�VSHFLILHV�WKH�YDOXH�ZKLFK�WKH�FRXQWHU�PXVW�UHDFK�EHIRUH�LW�

VHWV�WKH�GRQH�ELW��'1��(QWHU�D�SUHVHW�YDOXH�IURP�±�������XS�WR�
���������7KH�SUHVHW�YDOXH�LV�VWRUHG�DV�D����ELW�LQWHJHU�YDOXH��
1HJDWLYH�YDOXHV�DUH�VWRUHG�LQ�WZRV�FRPSOHPHQW�IRUP�

� $FFXPXODWHG�9DOXH�LV�WKH�FXUUHQW�FRXQW�EDVHG�RQ�WKH�QXPEHU�RI�
WLPHV�WKH�UXQJ�JRHV�IURP�IDOVH�WR�WUXH��7KH�DFFXPXODWHG�YDOXH�LV�
VWRUHG�DV�D����ELW�LQWHJHU�YDOXH��1HJDWLYH�YDOXHV�DUH�VWRUHG�LQ�
WZRV�FRPSOHPHQW�IRUP��7KH�UDQJH�RI�WKH�DFFXPXODWHG�YDOXH�LV�±
�������WR����������7\SLFDOO\��\RX�HQWHU�D�]HUR�YDOXH�ZKHQ�
SURJUDPPLQJ�FRXQWHU�LQVWUXFWLRQV��,I�\RX�HQWHU�D�QRQ�]HUR�YDOXH��
WKH�LQVWUXFWLRQ�VWDUWV�FRXQWLQJ�IURP�WKDW�YDOXH��,I�WKH�FRXQWHU�LV�
UHVHW��WKH�DFFXPXODWHG�YDOXH�LV�VHW�WR�]HUR�
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Timer Instructions TON, TOF, RTO Counter Instructions CTU, CTD Reset RES 2-15
Count Up (CTU)

Description: 7KH�&78�LQVWUXFWLRQ�FRXQWV�XSZDUG�RYHU�D�UDQJH�RI�±�������WR�
���������(DFK�WLPH�WKH�UXQJ�JRHV�IURP�IDOVH�WR�WUXH��WKH�&78�
LQVWUXFWLRQ�LQFUHPHQWV�WKH�DFFXPXODWHG�YDOXH�E\�RQH�FRXQW��:KHQ�
WKH�DFFXPXODWHG�YDOXH�HTXDOV�RU�H[FHHGV�WKH�SUHVHW�YDOXH��WKH�
&78�LQVWUXFWLRQ�VHWV�D�GRQH�ELW��'1��ZKLFK�\RXU�ODGGHU�SURJUDP�FDQ�
XVH�WR�LQLWLDWH�VRPH�DFWLRQ��VXFK�DV�FRQWUROOLQJ�D�VWRUDJH�ELW�RU�DQ�
RXWSXW�GHYLFH�
7KH�DFFXPXODWHG�YDOXH�RI�D�FRXQWHU�LV�UHWHQWLYH��7KH�FRXQW�LV�UHWDLQHG�
XQWLO�UHVHW�E\�D�UHVHW�LQVWUXFWLRQ��5(6��WKDW�KDV�WKH�VDPH�DGGUHVV�DV�
WKH�FRXQWHU�

Using Status Bits
([DPLQH�VWDWXV�ELWV�LQ�WKH�ODGGHU�SURJUDP�WR�WULJJHU�VRPH�HYHQW��7KH�
SURFHVVRU�FKDQJHV�WKH�VWDWHV�RI�VWDWXV�ELWV�ZKHQ�WKH�SURFHVVRU�UXQV�WKH�
&78�LQVWUXFWLRQ��<RX�DGGUHVV�WKH�VWDWXV�ELWV�E\�PQHPRQLF�

�

CU
CTU
COUNT UP
Counter
Preset
Accum

DN

This Bit: Is Set: And Remains Set Until One of the Following Occurs:
Count Up Enable Bit .CU (bit 15) when the rung goes true to indicate the instruction has increased its countNote: During prescan, this bit is set to prevent a false count when the program scan begins.

• the rung goes false• a RES instruction resets the .DN bit

Count Up Done Bit .DN (bit 13) when the accumulated value is greater than or equal to the preset value • the accumulated value counts below the preset, either by using a CTD instruction to count down or changing the accumulated value• a RES instruction resets the .DN bit
Count UpOverflow Bit .OV (bit 12) when the up counter has exceeded the upper limit of +32,767 and has wrapped around to –32,768. The CTU counts up from there.

• a RES instruction resets the .DN bit• counting back down to 32,767 with a CTD instruction with the same address

�
$77(17,21� 3ODFH�FULWLFDO�FRXQWHUV�RXWVLGH�DQ�0&5�
]RQH�RU�MXPSHG�VHFWLRQV�RI�ODGGHU�SURJUDP�WR�JXDUG�
DJDLQVW�LQYDOLG�UHVXOWV�WKDW�FRXOG�OHDG�WR�GDPDJHG�
HTXLSPHQW�RU�SHUVRQQHO�LQMXU\�
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2-16 Timer Instructions TON, TOF, RTO Counter Instructions CTU, CTD Reset RES
Figure 2.7 Example CTU Ladder Diagram

Figure 2.8 Example CTU Timing Diagram

CU
CTU
COUNT UP
Counter
Preset
Accum

C5:0
4
0

DN

C5:0
DN

O:020Tells when the count is reached (ACC > or = PRE)

I:012
10

C5:0
OV

O:021Tells when the counter overflows +32,767

RES
I:017
12

C5:0

01

02
Reset the counter

Each time the input goes false to true,the processor increments the counterby 1.

1 2 3 4
0

Counter preset = 4 counts

0 16636

Rung condition thatcontrols counter

Rung condition thatcontrols reset instruction

Done Bit
Output instruction on rungcontrolled by counter

Counter Accumulated Value

ON
OFF

ON
OFF

ON
OFF

ON
OFF

Count-up enable bit

ON
OFF
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Timer Instructions TON, TOF, RTO Counter Instructions CTU, CTD Reset RES 2-17
Count Down (CTD)

Description: 7KH�&7'�LQVWUXFWLRQ�FRXQWV�GRZQZDUG�RYHU�D�UDQJH�RI���������WR�
±��������(DFK�WLPH�WKH�UXQJ�JRHV�IURP�IDOVH�WR�WUXH��WKH�&7'�
LQVWUXFWLRQ�GHFUHPHQWV�WKH�DFFXPXODWHG�YDOXH�E\�RQH�FRXQW��7KH�
GRQH�ELW��'1�LV�VHW�DV�ORQJ�DV�WKH�DFFXPXODWHG�YDOXH�LV�JUHDWHU�WKDQ�RU�
HTXDO�WR�WKH�SUHVHW�YDOXH��:KHQ�WKH�DFFXPXODWHG�YDOXH�LV�OHVV�WKDQ�WKH�
SUHVHW�YDOXH��WKH�GRQH�ELW��'1�LV�UHVHW��ZKLFK�\RXU�ODGGHU�SURJUDP�FDQ�
XVH�WR�LQLWLDWH�VRPH�DFWLRQ��VXFK�DV�FRQWUROOLQJ�D�VWRUDJH�ELW�RU�DQ�
RXWSXW�GHYLFH�
7KH�DFFXPXODWHG�YDOXH�RI�D�FRXQWHU�LV�UHWHQWLYH��7KH�FRXQW�LV�UHWDLQHG�
XQWLO�UHVHW�E\�D�UHVHW�LQVWUXFWLRQ��5(6��WKDW�KDV�WKH�VDPH�DGGUHVV�DV�
WKH�&7'�LQVWUXFWLRQ�

Using Status Bits
([DPLQH�VWDWXV�ELWV�LQ�WKH�ODGGHU�SURJUDP�WR�WULJJHU�VRPH�HYHQW��7KH�
SURFHVVRU�FKDQJHV�WKH�VWDWHV�RI�VWDWXV�ELWV�ZKHQ�WKH�SURFHVVRU�UXQV�
WKLV�LQVWUXFWLRQ��<RX�DGGUHVV�WKH�VWDWXV�ELWV�E\�PQHPRQLF�

�

CD
CTD
COUNT DOWN
Counter
Preset
Accum

DN

This Bit: Is Set: And Remains Set Until One of the Following Occurs:
Count Down Enable Bit .CD (bit 14) when the rung goes true to indicate that the counter is enabled as a down-counter.Note: During prescan, this bit is set to prevent a false count when the program scan begins.

• the rung goes false• a RES instruction resets the .DN bit

Count Down Done Bit .DN (bit 13) when the accumulated value is greater than or equal to the preset value. • the accumulated value counts below the preset• another instruction changes the accumulated value• a RES instruction resets the .DN bit
Count DownUnderflow Bit (.UN) (Bit 11) by the processor to show that the down counter went below the lower limit of –32,768 and has wrapped around to +32,767. The CTD instruction counts down from there.

• a RES instruction resets the .DN bit• count back up to -32,768 with a CTU instruction

�
$77(17,21� 3ODFH�FULWLFDO�FRXQWHUV�RXWVLGH�DQ�0&5�
]RQH�RU�MXPSHG�VHFWLRQV�RI�ODGGHU�SURJUDP�WR�JXDUG�
DJDLQVW�LQYDOLG�UHVXOWV�WKDW�FRXOG�OHDG�WR�GDPDJHG�
HTXLSPHQW�RU�SHUVRQQHO�LQMXU\�
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2-18 Timer Instructions TON, TOF, RTO Counter Instructions CTU, CTD Reset RES
Figure 2.9 Example CTD Ladder Diagram

Figure 2.10 Example CTD Timing Diagram

CD
CTD
COUNT DOWN
Counter
Preset
Accum

C5:0
4
8

DN

C5:0
DN

O:020Tells when the count is reached (ACC > or = PRE)

I:012
10

C5:0
UN

O:021Tells when the counter underflows -32,768

RES
I:017
12

C5:0Resets the counter

01

02

Each time the input goes from false to true,the processor decrements the counter by 1.

8 7 6 5 4 3
0 16637

Counter preset = 4 countsCounter accumulated = 8
Rung condition thatcontrols counter

Rung condition thatcontrols reset instruction

Done Bit
Output instruction on rungcontrolled by counter

Counter Accumulated Value

ON
OFF

Count-up enable bit
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Timer Instructions TON, TOF, RTO Counter Instructions CTU, CTD Reset RES 2-19
Figure 2.11 Example CTU and CTD Logic Diagram

Figure 2.12 Example CTU and CTD Timing Diagram

CD
CTD
COUNT DOWN
CounterPresetAccum

C5:040 DN
C5:0
DN

O:013Tells when the count is reached (ACC > or = PRE)

I:012
11

C5:0
UN

Tells when the counter underflows -32,768

RES
I:017
12

C5:0Resets the counter

CU
CTU
COUNT UP
CounterPresetAccum

C5:040 DN

I:012
10

C5:0
OV

Tells when the counter overflows +32,767 O:013

O:013

01

02

03

Count up pushbutton

Count down pushbutton

0 1 2 3 4 3 2 1 0 1 2 3 4 5

Count Up Pushbutton

Count Down Pushbutton

Reset Pulse

Done Bit

Counter Accumulated Value Count Up Preset  = 4Count Down Preset = 4 16652

ON
OFF

ON
OFF

ON
OFF

ON
OFF
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2-20 Timer Instructions TON, TOF, RTO Counter Instructions CTU, CTD Reset RES
 Timer and Counter Reset (RES)

Description: 7KH�5(6�LQVWUXFWLRQ�LV�DQ�RXWSXW�LQVWUXFWLRQ�WKDW�UHVHWV�D�WLPHU�RU�
FRXQWHU��7KH�5(6�LQVWUXFWLRQ�H[HFXWHV�ZKHQ�LWV�UXQJ�LV�WUXH�

,I�WKH�FRXQWHU�UXQJ�LV�HQDEOHG��WKH�&8�RU�&'�ELW�ZLOO�EH�UHVHW�DV�ORQJ�
DV�WKH�5(6�LQVWUXFWLRQ�LV�HQDEOHG�
,PSRUWDQW���<RX�FDQ�XVH�D�QHJDWLYH�SUHVHW�YDOXH�LQ�D�&78�RU�&7'�

LQVWUXFWLRQ�LI�\RX�LQWHQG�WR�XVH�WKH�5(6�LQVWUXFWLRQ��
+RZHYHU��QRWH�WKDW�WKH�5(6�LQVWUXFWLRQ�VHWV�WKH�
DFFXPXODWHG�YDOXH�WR�]HUR��ZKLFK�PD\�VHW�WKH��'1�ELW�
DQG�SUHYHQW�WKH�&78�RU�&7'�LQVWUXFWLRQ�IURP�RSHUDWLQJ�
WKH�QH[W�WLPH�LW�LV�HQDEOHG��

Figure 2.13 Example RES Ladder Diagram

RES
When Using a RES Instruction for a: The Processor Resets the:
Timer   (Do not use a RES instruction for a TOF.) .ACC value.EN bit.TT bit.DN bit
Counter .ACC value.EN bit.OV or .UN bit.DN bit 

�
$77(17,21� %HFDXVH�WKH�5(6�LQVWUXFWLRQ�UHVHWV�WKH�
DFFXPXODWHG�YDOXH���'1�ELW�DQG��77�ELW�RI�D�WLPLQJ�
LQVWUXFWLRQ��GR�QRW�XVH�WKH�5(6�LQVWUXFWLRQ�WR�UHVHW�D�72)�
LQVWUXFWLRQ��XQSUHGLFWDEOH�PDFKLQH�RSHUDWLRQ�RU�LQMXU\�
WR�SHUVRQQHO�PD\�RFFXU�

CD
CTD
COUNT DOWN
Counter
Preset
Accum

C5:0
4
8

DN

C5:0
DN

O:020Tells when the count is reached (ACC > or = PRE)

I:012
10

RES
I:017
12

C5:0Resets the counter
01

Each time the input goes from false to true, theprocessor decrements the counter by 1.


