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Design of PLC Control System for Belling Machine [Form lﬂ'[‘

by Eng. Saad Magdey Saad ‘ ¥
Supervised by Dr. Mohsen Sayed Soliman , ACC Manager, Mechanical Power
Engineering Department

Abstract: This is practical design of PLC control system for real Belling/socketting
machine that do hot deformation for heads of PVC pipes of different sizes using
special moulds to seat gaskets when pipes are assembled. This is last stage in pipe
production line. Detailed investigation is 1% done for machine control parts(motors,
hydraulic, pneumatic, valves & actuation circuits). Operating sequence & all Input-
Output sensors are also examined. Design includes essential feed-back signals& ' (Control
safety conditions needed for full automatically controlled operation. Sequential
Function Chart, SFC, for all steps & LAD diagram are shown. Siemens PLC S7-200
is used to implement the LAD with Micro Win 4.0 program. Finally, complete
simulation runs for LAD program are presented to test the design. The project
includes several detailed drawings for the essential machine parts and for both
hydraulic & pneumatic control c1rcu1ts > JJ { i
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Main Parts of Belling Machine

Ref. COMPONENT |DESCRIPTION
A- Pipe transferring unit

Al |Conveyor channel Facilitates the forward movement of pipes thatarrive
from the upstream™® machine.

A2 Pipe transferring bench| It receives the pipe from the extrusion line, transfers
it to the work stations and unloads it atthe end of
the work cycle.

A3 Pipe haul-off device It hauls the pipe coming from the feeding line and
stops itin the transferring position.

B- Pipe heating unit

B1 Pipe rolling mould It rotates the pipe in the oven to ensure uniform
heating.

B2 Infrared oven It heats the end of the pipe to be moulded
C- Socketmoulding unit

Cc1l Pipe clamp it blocks the pipe during the moulding phase.

c2 Moulding devices hey mould sockets and comprise:-

- Carriage:itsupports the belling fittings.
| - Mandrel:itis introduced inside the pipe and
bells the socket. It can be different typesand
sizes.
- Mandrelsupporting flange: itsupports and
guides the mandrelduring belling operations.
- E.P.chamber*:a container orany closed area
w here the socketisformed using E.P.
D Controelpanelcabinet | Houses the control panels for the oil-hydraulic,
water, and pneum atic system s.
E M ain control panel It contains the electrical power components of the
machine.
F Lifting equipment with| It makes formatchange operations easier in the
hook belling unit and in the oven unit.

Mandrel metallic mould it is introduced inside the pipe and

[Main parts of belling machine. |

Control panel cabingt (D)--==-====- ===z
Lifting equipment with hook (F) .-

Channel (A1)..2ua-s
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bells the socket. It can be differenttypes and sizes.

Types of FORMING PROCESSES.= Pressurized air&cooling by water
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"TMinserts in" cycle: -

The processused to form a socket with
agasket-seat entails using a metal
mandrel with expanding inserts. The
Inserts protrude fromthe mandrel once
this has entered the pipe. The socket
I formed correctly due to pressurized
air acting out bideof the socket, and
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"TM inserts out” cycle:-
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The process used to form a socket with
a gaskef-seat entails using a metal
mandrel with expanding inserts. The
inserts profrude from the mandrel
before it enters the pipe. The socket is
formed correctly due to the pressurized
air acting outside of the socket, and

RARN

Tt

"TM inserts out"

cooling by watersprinklers.
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Part of Input Sensors List:-

Ref. [Mame,Description Function name in PLY Addres
- 1 | Encoder it detects the moulding carriage position ENC3 | 13.2
lDISCREI'E (DIGITAL OR ON-OFF) INPUT |IANA|.DG INPUT l 2 | Encoder Adjusting the pipe unloading position. ENCL 12.0
: = 3 | Encoder it detectls ;he flange position{adjusting first ENCA
PHOTOCELLS WITH REFLECTORS ENCODERS once onty
] (Itdetects positins and distance) | | ¢ | Encoder Detects the position ofthe E.P. ENC2 12.1
(It detectsthe presence the pipes) y chamber (CANCEL)
: . . |3 | Photocell it detects presence of incoming pipe PHL 0.7
ot . . - (Itgives controller of heaters 18 M:lgmﬁmmh: it detects the E.P. chamber "back” position”. PH12 12.2
“rtn;t;fntzs:b;';a:ér;fliﬁz rf:cﬁine}e the signal temprature of ovens) 19 | Microswitch % ggﬁf:S the moulding carriage "back" PH14 124
" [20 | Microswitch, it detects the bench beam 1 "back” position. PH2 11.0
MAGNETIC SENSORS 21 | Micreswitch. | it detects the bench beam 1 "forward" pHa 1.1
(Itdetects start & end of penumatic cylinder strok and _ _ position. _
it installed as latched on cylinder pipe) 22 Mm&ml&n it detects the bench beam 2 "back” position. PH4 11.2
23 | Microswitch. | it detects the bench beam 2 "forward" PHS 11.3
position.
24 | Microswitch. | Reopens the moveable forming guard if an PH1E 15.1
obstacle prevents it from lowering (safety).
25 | Microswitch. | it detects the "open” position of the PH19 15.2
moulding protection sliding door(safety).
26 | Micro limit To detect that the forming mandrel inserts 15.0
switch are in the'closed” position. LMS
; 27 | Microswitch| it detects the flange "back” position. PH16| 12.6
20--—-§ - 28 | Microswitch| it detects the moulding camage "danger of collision” position | py1s|12.5
/ ) y | s & 29 :::rci::?l'lilmn g;l;fcts bench "top” limit switch (for manual adjusting Lmis1| 19-3
H e ; N | 30 | Microlimit | it detects the bench "low™ limit switch(Jmanual adjusting only). 15.4
gz ’ e switch LM52
e ! \ ’, o s 2 31 | Sensor it detects the bench beam 3 "forward” position. mMs1o| 14.3
I & 5 ., ot f‘l/:r/zﬁs Mould carriage 32 | Sensor Detects the dcmrn pggﬁim ofthe beam 1 on the bench. Ms1 | 13.3
> = 3 , - 33 | Sensor it detects the "up” position ofthe bench beam 1. Ms2 | 13.4
1 i 2 =, 34 | Sensor Detects the "down” position of the beam 2 on the bench. Ms3 | 135
o " "'_{j"—'j; 35 | Sensor it detects the "up”™ position of the bench beam 2. Ms4 [ 12.6
i 5 R4 f A 36 | Sensor Detects the "down” position of the beam 3 on the bench. Mss | 13.7
il ) 'L zrn 37 | Sensor it detects the "up” position ofthe bench beam 3 MSE | 14.0
Positions of all Sensors & devices e Output Actuators GJ&J\J@UQJSJ QMW\MJJ&A}'MS*&@SUEA@&




ALL OUTPUT SOLENOID
5 OF VALVES LIST:
Mo.| Mame | Function §T:-
1 Y1 - PLC & LAD AS -
o Coil Sel. Cyl. A Q0.3 | 1.Definiti SIGNMENE TABLE: it includes 19[Statel? [M2.4 [Stop lifter2-3 (M5
Coil Sol_ valve Blowing or cl - .Definition of each step i ; 20[State20 [M2.5 [Beam 2 MS-off)
2 | Y3 |CoilSol Gyl B&C |-ﬁ r1cea”9r Qo4 details and ep in machine sequence in very [21/State2l M6 x:mf,-f"p:'"ﬂ (extract Cyl. E & D) (V3)
il Sol_Cyl B & C-lifter an i ; M2.6 [Move lifter2 3 (1
4 | Y4 | CoilSol. Cyl. M-oven 1 Q05 | 5 petermi called in Assignment table as “state”. [ M1 5GP fier2 3 (1(:;5 dgf:; backwardupto zero position
5 Y5 Coil Sol. Cyl O-rotary 1 006 |IRESEITIRE all conditions of each state and called in  |-L o Lo Lawering retary 2 extract Cy. P ﬁd;r“f“ e
6 | Y6 |CoilSol Gyl D & Eifter2 8[1]'5 Assignment table as “transition” N ST VO [Siart delay G A
n . — - av =
7 | Y7 [ Coil Sol_Cyl. N U | 3.We give # for each stat . 1§State28 [V3 2 [Extract CyL N to extract Cyl ovend (IM7)
& |Y8 |CoilSol Gyl P Q1.1 give # f e according to sequence then [2§3tate26 M3.3 |Start heatin ,,,Er oven 1 (YD)
9 | Y9 [CoilSol. CyLH 812 (i or each transition according to its state. 17[State27 [M14.4 [Retractov al (¥ E';—c'glt;df}retract rotary 2
5170 ColSol Gyl 3| * ese states &these transition as mark i s g [ ranenad ey AL (8ol
1] ¥11 | Coil Sol Qy,. F Q14 | STATE rkin PLC.  hoSies | 14.5 Move lifter2 3(M3.1) to ovenl directi
12| Y12 | Coil SolCyl.J S:E ats ] SIN ASSIGNMENT TABLE WITH ADDRESS DS ate30 VL7 ;;iter” - xtra Dn
_Cyl. L Statel |MO.2 [Start : .- Sk 3 upward (extract Cy, -
Y13 [ Col Sol Ins Q16 |k 2 [Start machine 31[Stated] |MS5.0 |[Move hif ct Cyl. G & F) (Y11}
il Sol. Insert grove of mandrel P [State2 MO0.3 [Start time delay ve lifter2 3(M5.2) to backward up —
14 Y14 | Coil Sol_inlet water valve g;? 3 [Stated  MO3 Wait ¢ delay for haul off (TMI1 32|Stated2 (MS.1 Stop hfteri-ﬂ_(l{_S} +lifterd cump]e:lepit.i ‘:et:gkl:iilhun
15| ¥15 | Coil Sol. drain water valve QEE ; Stated [M0.5 [Open clean air solenoid valve (Y2) + Encod |33|State3d [NE2 %ﬁ::ﬁ:ﬂh&f’ffﬂct CxLED(Y9)
16| Y16 | Coil Sol_airinlet valve 1 Q22 |B g?:ﬁ M0.6 Expand hauloff Cyl. A (V1) & rin metor :rh“m to count. | |3isate3d (5.3 |FE0ract CILH ﬂ‘?—uﬁ}fgl ed :
17| Y17 | Coil Sol. airinlet valve 2 QE% 7 St:te? tﬁ; i‘up motor MI +stop air cleaner (Y2 ufltjlEF WAL | Isgseatess \{5I4 clamps (¥23) osed hydraulic Cy]. for
18| Y18 | Coil Sol_airi : MLO [etracthaul off Gyl A (¥ — MS.4 | Waitin
. in AYlo 4
15| ¥20 | Coil Sol. Unlu;laﬂi:alﬁej ; Q24 g g::::g tﬂl Eeaml_ upward- extract Q&Lﬁs & C) - Sf“f"f’f ‘ES'S Expand hwdmuhcgﬂ- fur mandre] (345
25| V2T | CollSol Tor expandlockhyd. Q25 | e i ove Hiter], (V21 to right to oven] direction S State TMS.S Btop mandrelcarriage [Wifh poppet valve (V2
57127 | Col Sol fmretramgckh‘-&-&%- Q26 | [ Fiate1l MLt Bena1 dovmward 73 Soprateta AT Dpen inserts of mandrel pnfunﬁi.ic;n., Eﬁ;}g}
- : i : W ar nI6. . :
2] Y23 [ Col Sal for expand chamber hyd Gy Q2 7| el B e e s IR T o ey amber O29)
i - Gyl . — ro i ocks (¥ 7
= g; Coil Sol for retract chamber hyd cyl. | Q3.1 13 [Stateld MLG I.ﬂ E";%;ﬂtlrf I{extract Cy]. O) ﬂ‘5}+stapr:gr]:til:iuna] {1Stated12M6.2 |Waiting = G2
1 - : 3 ori(l
Cc!l Sol_ for expand mandrel hyd 13 Stateld BILT S } 1215 tated 2 L6 Open three compressed air vahves
25| Y26 | Coil Sol forret ¥ QE\L (3.2 HE tart delay time to extract Cyl ovenl (TM6) 1 chamber(Y16)}& (Y arr vahves on the
T fnrne ract lmandrelhyd_ ol (033 |I S:::Eig tﬁ? }Sixtractgﬂ:u Toroven 1 (v4) - 13Stated3IM6.4 Start':ﬂmprﬂssedﬂajl_r?}ﬁiﬂ 1(_9}}
=01 pen clamps hyd. gyl el6 M2.1 [Start preheating i er (IM2 1)
27 . Gyl Q34 preheating timer (TAL Drec Fn— m—— =
= :gg ED” Sol. for close clamps hyd._cyl, 335 |7 [Statel 7 p22 ICy]. Ovenl retract [Y"-L;[ﬁ)"‘}retract RRT VS ol T :;State44l‘dﬁ.5 P ﬂ?lmﬂl_:;%ﬁ‘ﬂ air vahves (¥ 16-off) & (Y 17-off)
_ . - : .
221 Y29 | Pope valve for cartridge valve, Q4.7 | 18 tatels M23 Vranonslmet DE o P | e tatcdsE T E“ automatic drain valve (Y15)
1[T1 2 | M83 ITH ADDRESS — 2-3 to ovenl direction (MS5.1) L - en automatic cooling w - -
2 T2 = ; (start)*(SL1)*(PHL 4TStated TIMT.0 [S 0 — - EW ater vahe ﬁ 14}
CERTRREE Tt vt SEQUENTIAL FUNCTION CONTROL (SFC)) 15State SIM7 T [Close antomati cooling water 72
T COD! r — —
; ?; g i;:-g ENCI1 on aft:ef- count ( Statel Start machine j EX ater valve ﬁ ld‘ﬂfﬂ'
e 17 MS. _ M1 off - e hl Y1 off)*
T TIE S [ Ao | OIS AR e l r[ (start)(sL1)" (PH1)] State8 em [MS”*[PHz)*{MS?)J
g rrlsu 1101 A2 ) (.\-15212;[51-15?}*(1»34} (St ) State2 Beam lupward-extract Cyl.(B & C
ﬂ i1 12 i:gj f—\'ﬂ-l&}Eé’ff{)*(Pm) art time delay for haul off (TM1) W ~ \ ( ‘ )
T12 13| M9.5 = k—] $
12 [T : MSL TM1=set e | (PH2)* *
13 rii i: 13'6 (MST)y* (¥ Sy I l ‘F et value St - Fms2ras (pria) ]
14|T1s 1; '_‘_L-I]_[;?]_ TMG off state State5 ™y ' State3 Move lifterl {Mza]_t]e-tg ich
15 ; Y4 - . orightt
1: ﬂﬁ i; };ﬂgj _ TM2 on state Expand haul off Cyl. A (Y1) Wait dlrﬁon ght to ovenl )
s Y T R - SRR & run motor of haul off(M1) ﬂ PHL off s | Prs 4#3 o X
T19 20| MI1I0.S = tatel0
E (VIS3)* (PHS)* (MS9)* (N J
19 [T20 21| M10. MIS0)y*(MST) State L
191720 21[ M106 e Open e e tenoid valve (¥2) Sto nfvﬂﬁ—4 (M2 off)*(PH3) & 9 pdual)
21[T22 33 MILD PHS + Encoder start to count. Statell fvba\
33T 25 MITZ A1s9) (78) ((ENC ; Beam 1 downward (Y3 off)
RS TMG off stace ; 1-0n) after count. | : 72 8 s
i: ?i: 27 M11.4 ?1?;01?9 ‘;“) [Stop Mot State6 M51 J " ”
2 I i set value o R .
371135 23 tgig PHIT (Y7 off)* (Y8 of ()" (PHIN) or M1 + stop air cleaner (Y2-off) Move lif Statel2 KN
25 Ta0 20| A1 7| VST RESE O ifter 1(M2.2) to backward up ey
29 W MS0)* (MS5)* (V7 off)*(¥8 o to
TR — T — voorie | & Sl
31|T32 33| M122 ﬁﬁlfg [ Retract ha fta‘w , Statel3 U‘JLA
ul off Cyl. A (Y1 off) ] Lowering rotary 1(extract Cyl. O) (Y5) +start
L rotational motor (M3) ) SFC




PROGRAM COMMENTS . . 1 Network 4 | Network 8
Network 1 automatic modg LAD Dlagram (lS 40 pages) State2:M0.3 TM1:T101 T2 3 5:MB.4 State7:M1.0 MS1:13.3 PH2:11.0 MS7:14.1 ¥1:Q0.3 T7_8:M9.0
start macine in automatic mode 1 1 1 yd ) ! I_( )
start:10.0 stp:10.1 SL1:10.2 Start_enbl_aut~ -MD.0 I 1 I . Symbol Address Comment
| ] ’ L ] L rd Symbol Address Comment MS1 13.3 magnetic seneor on BOTTOM Cyl. B (lifter 1)
1 1 1 1 I . State2 MO.3 time delay for haul off MST7 14.1 magnetic seneor on RETRACT Cyl. M ovent
Start_enbl_aut~ :M0.0 HYD_MOTOR:Q0.0 T2_3 5 M8.4 TM1=set value PH2 1.0 zero position for lifter 1
_( ) TM1 T101 time delay for haul off State? VIS (“:";’;;’;:ﬂ”s” 1‘)‘!'( gﬁ'z-;?(g;?‘;"}
Symbol Address  Comment N et M0.4 PH1:10.7 T3.4:M85 N ane ol seb oA
HYD_MOTOR Q0.0 motor of hydraulic pump ( run with start) 1 1 1 o Network 9
SL1 10.2 selector ( automatic position) _I I 1 71 \ ) 5131333”"‘-1 F"HEZ' 1-:‘ '\:'523'3-:* 7/8_93'“9-1
start
‘ 10.0 start push button o _ Symbol Address Comment I 1 I 1 I ~ )
Start_enbl_automatic  M0.0 mark relay to start machine in automatic sequnce mode . . .
PH1 10.7 Photocell detects the presence of an incoming pipe Symbol Address Comment
stp 10.1 stop cycle push button State3 MO.4 wait Ms2 13.4 magnetic seneor on TOP Cyl. B (lifter 1)
Network 2 manuale mode T3 4 M8.5 PH1 off PH2 11.0 zero position for lifter 1
start macine in manuale mode Ne;u K6 State8 M1.1 Lifter 1 upward (extract Gyl. B & G) (¥3)
start:10.0 stp:10.1 SL2:14.7 Start_enbl_ma~ :M0.1 or T8_9 M8.1 (PH2)" (MS2)*(MST)
] 1 [ / 1 ] 1 Pd State4:M0.5 State5:M0.6 ENC1:13.0 T4 6:M8.6 Network 10
1 I 1 I 1 I \ _I | | | | 1 e ) State9:M1.2 PH3:11.1 T9 10:M9.2
Symbol Address Comment ! | ! ! I ~ _I : : : ( )
sL2 14.7 selector ( manual position) Symbol  Address Comment
start 10.0 start push button ENC1 13.0 encoder for enterance pipe Symbal  Address  Comment .
Starl_enbl_manual MO.1 mark relay to start machine in manual mode Stated i PH3 11 end position for lifter 1
o - 10.1 4 | h butt MO.5 clean air (O/P Y2)+ Encoder start to count State9 M1.2 Run motor (M2.1),move lifter1 to right in oven1 direction
stp - stop cycle push bution State5 MO.6 Expand haull off Cyl. A (Y1)&(O/P M1)run motor of haul off T9 10 M9.2 PH3
Network 3 T4 6 M8.6 ENC1 on after count to move pipe forward Nen;ork "
State1:M0.2 Start_enbl_aut~ :M0.0 PH1:10.7 Ti_2:M8.3 Network 7 Stateld-M13  PH3111 M2 1:Q3.7 M2 2:Q4.0 T10 11 -Mo.a
[ 1 [ [ [ | rd ) State6:MO0.7 M1:Q3.6 TE_7:M8.7 - ’ - ’ 3
1 1 1 1 1 I \ I 1 1 ;| e )
Symbol Address Comment 1 1 1 \ Symbol Address Comment
PH1 10.7 Photocell detects the presence of an incoming pipe Symbol  Address Comment M2_1 Q3.7 motor movement lifter 1 to oven direction
Start_enbl_automatic  M0.0 mark relay to start machine in automatic sequnce mode| | M1 Q3.6 Motor for haul off LAHQEE ﬁ‘:o "e“n‘;‘fgons":i:‘:r?:rnltir‘l':re: 1 to back
?‘251;1 mgg start n‘lachln‘e ??155 MO.7 Stop motor M1 for haull off + stop air cleaner (Y2) State10 M3 Stop motor (M2)down ward lifter (retract Gyl B & G) (Y3off)
- - (starl)”(SL1)"(PH1) — m8.7 M1 off TI0_11__ M9.3 _ (M2.1&M2.2 oif) (PH3)

Siemens SIPLUS S§7-226 CPU
SIPLUS S7-200 CPU226
Ruggedised version of 6ES7216-2AD23-0XB0

Operating temperature of -25 — +70 °C
Operating voltage of 24 Wdc
Siemens S7-200 Base Units - 3rd Generation

The S7 brings to the user a powerful solution to a host of control applications, which is easy to adapt and expand the
system. The 57 is a family of PLCs which allows the user to tailor their selection of components which best suits their
requirements, and is the long term successor to the highly successful S5 range. Whatever the S5 can do, the ST can
do more quickly and more easily. The 3rd generation of S7-200 now builds on the success of the original range and
exploits new CPU's in order to produce even faster and more powerful range of PLC's. The range of CPU's available
has been increased with the introduction of the new 224XP, as has the range of digital, analogue and communications
expansion modules. For the faster type of application real time control is easily achieved by use of the comprehensive
range of built-in interrupts. Timed, Communication, High Speed Counter, High Speed Pulse Cutput, and hardware
interrupts are all available, and the implementation of a priority table means that all the interrupts can work
simultaneously. Communications with S¥-200 is built in. Inter PLC communications is achieved using two wire
network which can be up to 1200 meters and can have up to 126 nodes. In "Freeport™ mode the PLC's RS-485 port
runs in free ASC11 mode making it possible to communicate with other devices. In line with Siemens objective to
make the programming of S7T-200 as user friendly as possible MicroWin programming software has been further
improved. These improvements all help minimise program development time. This has been achieved by including
more and improving existing "wizards”. These help program developers with the more routine/complex parts of their
programs, e.g. TD200 configuration, PID loop configuration, High Speed Counter configuration, etc. Inclusion of
context sensitive help also means that all the information required is at the users fingertips.

-57_200
Program View Configuration PLC View]Hide Help

5 -57.200

Backup battery of 100 h {(min. 70 h at 40 °C
Optional pluggable memory module

IP20 protection class rating

Dimensions (W x H x D). 196 mm x 80 mm x 62 mim

Program View Configuration PLC View[Hide Help

Siemens SIMATIC S7-200 PLC CPU226
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16 (Digital)

Interface, 24 kB Program Capacity, 24

Outputs
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SIMATIC 57-200, DIGITAL 1O EM 223
SIMATIC 57-200, DIGITAL 1O EM 223,

FOR 57-22X CPUONLY,4 DI/4 DO RELAY,

0V DC, 250V AC
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Hydraulic circuit:-it services the moulding
unit only and is consisting of':-

1-complete hydraulic unit (hydraulic tank
&hydraulic pump type variable vane
pump& 4 accumulators &heat exchanger ).

Pipe clamps circuit:-

As shown in diagram the upper clamp moves
with the single cylinder, the under clamp
moves with double cylinders. Item 54 uses as
counter balance valve for cylinders.
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Mandrel mould circuit:-

This is bigger cylinder in machine and is
responsible of movable of the mandrel. PLC
energize solenoid of 4/3 D.C.V to movable
mandrel and energize solenoid of poppet valve to
stopping the mandrel at any position of the long
stroke. Item 52 is a cartridge valve to resist of the
force generated of air pressure in the chamber.

The E.P.
chamber:
it is to be
moved
with two
hydraulic
cylinders
across the
chamber.

Pressure
chamber
—clamp
locks:-
These
cylinders
used to
lock onto
the clamp
(D) to
guarantee
the seal
on the
chamber.
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