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ArticleInfo ABSTRACT

Article history: Corrosion costs money”, The Columbus battle institetimates that
. corrosion costs Americans more than $ 220 billionually, about 4.3% of

Received Apr 5, 2012 the gross natural product [1].Now a days due teei@se of pollution, the rate

Revised Jun 5, 2012 of corrosion is also increasing day-by-day maimylridia, so, to save the

Accepted Jun 12, 2012 steel structures, galvanizing is the best and ithelsest solution. Due to this

reason galvanizing industries are increasing dagdy since mid of

1700s.Galvanizing is a controlled metallurgical &dmation of zinc and steel

Keyword: that can provide a corrosion resistance in a wiakety of environment. In
Chain C fact, the galvanized metal corrosion resistancéofacan be some 70 to 80
ain Lonveyor times greater that the base metal material. Keepimgind the importance of

Elk_o meter this industry, a noble approach of process autamati galvanized nut-bolt
Hoist crane manufacturing plant is presented here as nuts aith lare the prime
PLC ingredient of any structure. In this paper the maifectives of any industry
Proximity Sensor like survival, profit maximization, profit satisfyg and sales growth are
Strain Gauge fulfilled. Furthermore the environmental aspects pollution control and

energy saving are also considered in this papee Whole automation
process is done using programmable logic controlRcC) which has
number of unique advantages like being faster,abtdi requires less
maintenance and reprogrammable. The whole systsnbden designed and
tested using GE, FANUC PLC.
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1. INTRODUCTION

The first patented galvanized process was by thadfr chemist Sorel in 1836 [1] and from then it
is taking a major share in the global market fardurcing corrosion free, high quality long lastinggucts.
The entire process, described in this paper ig falitomatic and continuous type which increases the
production rate [2]. It also increases the quadityhe product and decreases the production cashlér of
sensors are used in each and every critical pdiithweduces the unwanted running of machinerieseH
automatic plant lighting control system is alsovided so that the energy consumption is reduce@ Th
overall automation process is divided into vari@@gments. Those are pre manufacturing treatment, nu
making process, bolt making process, galvanizinggss, plant lighting control system. The entirgcpss is
shown in the Figure 1.

2. PRE-MANUFACTURING TREATMENT

At first, if the diameter of the wire rod is greathan the required diameter then they are fedrtmarawing
machine to reduce the diameter, but it is not shbene. Then the raw steel wire rod is heated B565C in

an air furnace. After that the hot wire rod is digpinto H2SO4 solution to remove any rust and dust
particles. Then it is dipped into a clean watemchar for cooling.
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Figure 1.Process diagram of galvanized nuts and bwnufacturing plant

This treatment prevents the steel from rusting lahdicates the steel to make forming easier. Thisre
process is done using hoistcranel and to contrdixitproximity sensors, four limit switches and a
thermocouple is used.

2.1. Automation of hoist cranel control
To control the hoist crane a PLC unit is usedakes the required decision depending upon the
various field level input signals. Then the deaisi® sent to hoist cranel as an output signal [3].

21.1. Input
Proximity sensors [S(1-3), S(21-23)], Limit switch@ S1, LS2, LSA, LSB), Push Button (PB1,
PB2), Thermocouple(TC)

21.2. Output
Forward Motor (FM), Reverse Motor (RM), Up MotorNty, Down Motor (DM), Air furnace (AF)

2.1.3. Process Description

In case of hoist crainl control system there aréoz and horizontal paths for the crane movement.
To control the vertical moment there are two limivitches LSA, LSB and to control the horizontal
movement there are also two limit switches LS1 &B8&. In this section there are two pits and one air
furnace. So to stop the hoist just above thosegpitsthe air furnace, three proximity sensors 21,53 are
used. After loading the cage of the hoist crandr wdtw wire rod, an operator starts the entire pedey
pressing a push button PB1. As soon as the opepatsses PB1, the up motor (UM) starts and the cage
move upwards. The up motor continues until it reschSA. At point A, LSA and LS1 are on, so the fards
motor (FM) starts running. The cage moves towaedatin furnace (AF) and resets the limit switch LA
senses the incoming crane and stops the forwardrmdbA remains in reset condition. Then down motor
(DM) starts and the cage moves downward. When dlge ceaches inside the air furnace, the down nietor
stopped by the limit switch LSB. Simultaneously semS19 starts the air furnace. After a time delay,
required for heating, when the temperature of the wod attends the required value (250)°C. Then th
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output of the thermocouple (TC) is digital 1 whigtlarts the upper motor (UM) and it runs until LSAoin.
Now S1 and LSA are ON so the forward motor stag@iraand resets the limit switch LSA. Then the cage
moves towards the first pit i.e. H2SO4 contain@ s€nses the incoming crane and stops the forwatdrm
LSA remains in reset condition. Then Down Motor (P8farts and the cage dipped into H2SO4 solution fo
cleaning. After some time delay, required for clagnthe up motor starts and runes until it reach8é.
The time delay is achieved with the help of PLCeiroperation which is turned on by the sensor $B2n
the cycle is repeated again for water cooling hetttme setting of the timer is different. At laghen the
crane reached the point B, LS2 stops the forwartbmend the down motor starts automatically. ThHen t
cleaned wire rod coil is loaded in the wire holdotgyice manually .This process requires some tirhen
UM starts automatically. At last when LS2 and L3 an, the reverse motor(RM) starts and the cageemo
toward the initial point A. When the empty cageaieed the point A, the output of LS1 is on whiaipstthe
reverse motor. Push button PB2 is provided to gtepprocess manually. The overall process is shown
section 1 of figl.

21.4. PLC program
Here the PLC is programmed using ladder logic nwtAde programming required to control the
hoist cranel is shown in Figure 2.

Mo | Contact 1 Contact 2 Contact 3 | contact 4 | Bobine
I1PBL) i2(0SA) i3(EDMD) i4(RMVD) Q1D
o001 1 I 11 11 1 ()
Q1
ooz 1t
003 I\I]{ I
LY -3
oo4 11
M3
005 11
N4
006 11
I2(LSA i4(RM i6(S1 - iT(S2)  i8(S3 Q3(FNI)
o007 (]I;I ) 11 D E-‘- ) 'n(/i > 'S‘- L E:!;
166D LAQLSE) a2 @D Q3oan
oos 1} 1 11 ()
oo I?(S?)I
]S(FII\]I:)
010 11
I9ALS2)
011 1 |
ID(S19) Q4(AF)
012 ¥ ()
4(AF
o1s Q (I ] ) TI“.;I.
T1 L% & &
014 1} €}
1IB(S18) TT2
015 11 ()
T2 N2
016 1} 1§
IC(S 17) T3
017 1 | ()
T3 M3
018 1 | ()
1o 52 TT4
019 L) -{)
T4 N4
o020 1} ()
1o 52 iz SA is 51 QSER WI)
021 (.LI ) (IIE ) 11 > €}
QS
022 11

Figure 2. PLC program for hoistl control
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3. NUT MAKING PROCESS

A nut is a piece of metal wire rod with a threadede used for fastening purpose. The quality of a
nut depends upon the composition of it's raw mekae recommended composition is carbon (0.22 to
0.23%), Phosphorus (0.40%), Manganese (0.39 to%),68ulphur (0.50%)[4]. The basic manufacturing
method is the forcing of unheated metal to flowoidtes to change it's shape. Then the cleanedraatbd
wire rod is connected to a forming machine (FM) dtraightening. After that it goes to the cuttingahine
to cut the rod into desired size for nut manufanturThen the pieces go to an induction heatehéating up
to 1200 C and then they are transferred to a hydraulicrhammechanism to give them the most common
hexagonal shape. Then the nuts are drilled anddlkinto a drilling and threading machine simw@dtarsly
with controlled lubricating mechanism to reduce maad tear. Now the finished nuts are sent to amat
870°C for about an hour. This process gives the redusteength to nuts. At last they are rapidly codtedn
oil chamber for about 5minutes and sent to theagahing section. Various conveyors and sensorsisee
between intermediate stage to transfer the mataridl to control the operation respectively. Therale

process is shown in the section2 of figl.

3.1. Processflow diagram

The process flow of nut making process is showthénFigure 3 [5].
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Figure 3. Process flow diagram of nut making

3.2.  Automation of nut making process

To make this process fully automatic a PLC unitised. PLC takes real time decision depending
upon the various field level input signals fromigas sensors placed in different critical points.

3.21.  Input

Strain gauge(S5), Thermocouple(S6), Proximity semé®7,58,524), Push button (PB3,PBS,PB5)

3.2.2.  Output

Forming machine(FM), Cutting machine(CM), Hydraullmmmer(HH), Induction heater(IH),
Drilling machine(DR),Threading machine(TM),Indugaticoven(lO), Slider (SL2), Oil pump(OP) Chain

conveyor[C(1-6)].

3.2.3. ProcessDescription

After loading the wire rod into roller, the rodrisanually connected to forming machine only for the
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first time. Then operator starts the process bggng the push button PB3. As soon as the opepatires
PB3 the forming machine (FM) starts. After stragtihg the rod when it reaches in front of the ogtti
machine (CM), sensor S4 senses it. Then the cuttiachine waits for the operator input signal. 1&gior
selects PB5 for nut, cutting machine starts tothatrod into desired size to make nuts. At the stime
slider SL2 is activated and materials start to €adl conveyor C1. When a desired amount of matésial
stacked on C1, sensor S5 is ON. As a result Cisstasving and the metals are transferred to thedioh
heater (IH). Instantaneously the induction hedtd) {urns ON together with C1. When the temperatire
those materials reach 1200, sensor S6 senses it and starts the conveyo@3@2. C2 transfers the heated
pieces to the hydraulic hammer (HH). The hammeniaghine is started by the sensor S7. When the piece
get hexagonal shape, those are sent to the drifiaghine (DM) by conveyor C3. The drilling machise
started by the sensor S8, at the same time thadimg machine (TDM) and oil pump (OP) are alsotsthr
Then the finished nuts are sent to the inductioer ¢bO) by conveyor C4. Induction oven is startgdthe
sensor S24. After spending about 1hr in the ovenyeyor C5 starts automatically by a timer andribes
are transferred to oil chamber. The time settindpise by PLC timer operation. At last the finidhmuts are
sent to galvanizing unit by conveyor C6 which iartd together with C5. Push button PBS is proviged
stop the process manually if required.

3.24. PLC program
Here the PLC is programmed using ladder logic nwtAde programming required to control the
overall nut making process is shown in Figure 4.

No | contact 1 | contact 2 Contact 3 Contact 4 | Bobine
11(PB3 2(PBS) QI(FM)
001 *® | I) 11 ()
| Q1M
ooz I 1
|| I3(PBS) 14(S4), Q2(ChD)
003 1’} ] | {)
| Q2(chvp Q3(slider2)
004 | | {}
[ Q4(C1
oo IS(SS)I I ( {})
[ ] Q5(IH)
o0& LT
| 16(56), | Q6(C2)
ooF 1T LT
] Q7(C3)
003 LT
] Q8(C4
003 ()
| 18T 'QO(HH)
010 ] | ()
| 18(58), QAMM)
o11 1 1 ()
1 QB(TDM)
012 {}
1 QC(OP)
012 {}
19(S24) QDIO)
014 | | ()
QDIO) TT1(1hr)
015 | | {}
[ T1 QE(CS)
018 | | {}
QF(Co)
017 {}

Figure 4. PLC program for nut making process.
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4. BOLT MAKING PROCESS

Bolt is a piece of metal rod, whose one end isaiflesl and other end, is thread@the same metal
rod which is used for nut making is also used folt making process. The process is actually a bjaged
multi-blow presses. In this process at first ttraight and treated wire rod is cut into requirésk gor bolt
making. Then the materials are sent to cold heaatiaghine which is actually a high-speed multi-bloess
to make hexagonal head at one end. Actually thezesaries of dies in the heading machine and the
unheaded metal is forced to flow into the dies bange its shape. After that the material goes & th
trimming machine for cutting the edge of the bélt.last the bolts are fed to the threading rollmgchine
for making dreads [4, 6]. Then the finished bolts sent to the galvanizing unit. In each of thosscess
controlled lubrication is used to minimize wear aedr and for cooling. Various conveyor and sersser
used between intermediate stage to transfer therialaand to control the operation respectivelye Birerall
process is shown in the section3 of Figure 1.

4.1. Processflow diagram
The process flow of bolt making process is showth@aFigure 5 [5].
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Figure 5. Process flow diagram of bolt making.

4.2. Automation of bolt making process

To make this process fully automatic a PLC unitised. PLC takes real time decision depending
upon the various field level input signals fromigas sensors placed in different critical pointd aands the
decision to the output devices.

421, Input
Strain gauge (S9), Proximity sensors (S10,S11,242, Push button (PB4), Forming machine(FM)

4.2.2. Output
Cutting machine(CM),Cold Heading Machine (HM), Trmmg machine (TRM), Threading
Machine (THM), Chain conveyors [C(5-10)], SlideBl(1), Oil pump(OP).

4.2.3. Process Description
In this automation process the state of the fornmraghine acts as an input signal. If it is running
and the operator presses push button PB4 therutliegcmachine starts cutting the rod into dessie to
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make bolts. At the same time slider SL1 is actidaaad materials start to fall on conveyor C6. When
desired amount of material is stacked on C7, se&8ds ON. As a result C6 starts rolling and theainis
transferred to the cold heading machine (HM). Afteat the rest process is very fast and instantaneo a
very little amount of time is required. For thisason, the PLC is so programmed that the conveyors
(C6,C7,C8,C9) can start rolling together with tleading machine(HM). The heading machine is stdred
the sensor S10. When the heading process is cadglet materials are transferred to the trimminghime
(TRM) by the conveyor C8. S11 sense the incominderi@ and starts the trimming machine. After
completion of trimming the bolts are transferredttie threading machine by conveyor C9. The threadin
machine(THM) is started by the sensor S12. An oinp (OP) also starts together with the threading
machine. Then the finished bolts are sent to tHadtion over (10) by conveyor C10. The inductiorenvs
started by the sensor S24. After spending aboutnltire oven, conveyor C5 starts automatically iyreer
and the nuts are transferred to the oil chambeg. tirhe setting is done by PLC timer operation. &t lthe
finished bolts are sent to the galvanizing unitty conveyor C6 which is started together with C5.

4.2.4. PLC program
The programming required to control the overalk lmahking process is shown in Figure 6.

No | Contact 1 | contact 2 | contact 3 | contact 4 | Bobine |
I1(FM) 12(PB4) QL(CM)
001 |} |} {)
Q1(CM) Q2(SL1)
002 |1 0
I3(S9 Q3(C
003 ? [ ) ({} %
14(S10 AHN
004 .FI ) Q ?EH\I)
Q4 QSEC?)
005 | | {}
Q6(C8)
008 {}
Q7(C9)
007 E;,
T 1I5(S11) Q38(TRM)
009 |} ()
~ 16(S12) QO(THM)
010 | | {)
QA(OP)
{}
011
19(S|2I4) QB(IH)
| 1T AL
2/ QDIO) TT1(1hr)
¥ 0
T1 QC(CS)
013 | | 1}
] QD(C6)
3
LT
014

Figure 6. PLC program for bolt making process.
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5. NUTS&BOLTSGALVANIZING PROCESS

The galvanizing process produces a durable, abrasgistant coating of metallic zinc upon steel
surface. Even where damage or a minor discontiragturs in the coating, zinc’s sacrificial actiomects
the structures. Here the hot dip galvanizing predssused [7,8]. One of the most important advaasanf
hot dip galvanizing process is the formation obsty bonding between steel and its Zink coating. GVerall
process consists of five different stages. Thosecaustic cleaning, fluxing, galvanizing, water glEing
and final inspection. Water rinsing is done atehd of both caustic cleaning and fluxing process.

5.1. Caustic cleaning
In this stage the materials are dipped into a @yatkaline) solution which removes organic
contaminants including dirt, water-based paint nmay%, grease, and oil.

5.2. Fluxing
Flux solution is usually consisting of Zinc chlogidand ammonium chloride. It increases the
wettability of the steel surface to liquid zinc.

5.3. Galvanizing
In this operation the materials are dipped int@thlwonsist of 98% pure molten zinc at 460°C.

5.4. Water quenching
After galvanizing process the materials are coatedl clean water chamber, called water quenching.
It also increases the smoothness of the matesatface.

5.5. Final inspection

At last the gauge of the zinc coating upon the nwlte surface is measured using an “Elko meter”
[9]. And the approved nuts and bolts are sentegtickaging section.

The overall process is done with the help of hoéste2 and to control it eight proximity sensors,
four limit switches are used. The overall processhiown in section 4 of the figl.

5.6. Automation of hoist crane2 control
To control the hoist crane a PLC unit is used.akes the required decision depends upon the
various field level input signals. Then the deaisi® sent to the field as output signals from th€ P

5.6.1. Input
Proximity sensors S(13-20), Limit switches (LS34L.8SX, LSY), Push Button (PB6, PB7)

5.6.2. Output
Forward Motor (FM1), Reverse Motor (RM1), Up MotdNi1), Down Motor(DM1)

5.6.3. Process Description

In case of hoist crain2 control system there arégoa and horizontal paths for the crane movement.
To control the vertical moment there are two limivitches LSX, LSY and to control the horizontal
movement there are also two limit switches LS3 &&d. In this section there are four pits and one
inspection section. So to stop the hoist just altbese pits and to despatch the finished mateimatbe
inspection section, four proximity sensors S13,,845,S16 are used. After loading the cage of tisth
crane with finished nuts and bolts, an operatattssthie entire process by pressing a push buttah RB
soon as the operator presses the press buttonieE6rivard Motor (FM1) starts running. The cage p®v
towards the caustic chamber and LSX is reset. &I3es the incoming crane and stops the forward
motor(FM1) just above the chamber. LSX remainseiget condition. Then Down Motor (DM1) starts and
the cage moves downward. When the cage dippedhsteaustic solution, the down motor stopped by the
limit switch LSY. After a time delay, required fateaning the upper motor (UM1) starts and it runslu
LSX is ON. Now S13 is ON, LSX is ON so the forwavbtor starts again and the cage moves towards the
second pit i.e. flux container. S14 senses thenmiigg crane and stops the forward motor FM1. Then th
above cycle is repeated three times for the fluxgagvanizing and water quenching process as sliowe
section4 of figl but the time setting of the PL@aer is different. At last when the crane reachedptbint D,
LS4 stops the forward motor. Then the down motartstautomatically by a timer. After that the fimésl
nuts or bolts are unloaded manually on the inspedibor. After some time delay, required for urdoay
the up motor (UM1) starts automatically. At lastamh_S4 and LAX is on the reverse motor(RM1) startd
the cage moves towards the initial point C. WHenémpty cage reached the point C, the output 8fikS
on which stops the reverse motor RM1. Push but®niB provided to stop the process manually.

5.6.4. PLC program
The PLC programming required to control the hoiahe2 is shown in Figure 7.
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Mo | Contact 1 Contact 2 [ contact 3 | contact 4 | Bobine |
I1(PB i2Z(PB7 i3(S13 i7(S14 M1
001 (I? I6) (1':1 ) ¢ '/? 7 H) {}
| I6(LSX)
002 | |
| 1(FM1
003 Q ﬁ )
il N1 19(S15) iB(S16) iD(LS4) Q1(FNM1)
004 | | 14 14 1 ()
| M7 i4(LSY) Q2(DM1)
005 | | 14 ()
| mMs i6(LXS) Q3(UM1)
006 | | 14 ()
| 15(817) TT1
007 | | ()
] T1 M2
008 I ()
| I8(S18) TT2
009 | | {}
] T2 M3
010 1 {)
IA(S19) TT
011 | | ()
T3 M4
012 11 ()
oin IC(S=2,4) TT‘E}
T4 q
D14 11 M3
ID(LS4) TTS
015 ] | ()
TS Mo
016 | | ()
I6(LSX) ID(LS4 IE(LS3) Q4(RM1)
017 i | Ff ) 1 ()
I3(S13 /|
o1s (H ) I\IT{}
17(S14)
019 ] |
I9(S15)
020 11
]B(IS16)
021 ] |
. ]DﬁS4]
N2 MS
023 11 ()
M3
024 ] |
025 NII“I
MS
026 | |
Mo
027 ] |

Figure 7. PLC program for hoist2 control
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6. PLANT LIGHTING CONTROL SYSTEM

Lighting control system in a plant plays an impaotteole in the reduction of energy consumption
of the lighting without impeding comfort geaHere the overall plant consists of four différegctions.
Those are pre manufacturing treatment section,nmling section, bolt making section and galvanizing
section. All the lighting loads, used in those getd are controlled by this control system. Thétkgof any
particular section put up automatically if worke @resent in this particular section [10]. Otheentize lights
remain OFF. The reverse happened when the worke léds section. A block diagram of this system is
shown in the Figure 8.

(?PS 1
Pre ma nufac?ﬁring @ o—L1
treatment section
- —OPS3
Nut Bolt making section 4
malking
section L3
@ $1—oprPs4
Galvanizing @
section -
? o L4

|

opPs2 LE
Figure 8. Block diagram of plant lighting system.

6.1. Automation of plant lighting system

To control the section lighting a PLC unit is uskdakes the signals from various occupancy sengdaced

in each and every section and sends the decisithe tiighting loads.

6.1.1. Input
Four occupancy sensors(OPS1,0PS2,0PS3,0PS4)

6.1.2. Output
Section lights (L1,L2,L3,L4)

Mo Contact 1 Contact 2 Contact 3 Bobine ]
IL(OPS1) Qi1(1)
] 1 7}
BE 1 F L
IZ(OPS2) Q2(L2)
002 (I )
I3(OPS3)
DL QIEH
oos 1 F L
I4(OFPS4
(OFS4) Q3L
no=s (I | v

Figure 9. PLC program for plant lighting contrgbtem.

6.1.3. Process Description
The occupancy sensor can senses the presence aihuamts working range. This simple principle is
applied here. If anybody enters in the first settibe occupancy sensor OPS1 senses it and turnh©N
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lights (L1) of this section. When no one presenthi@ section the output of the occupancy sensoorbes
zero and lights (L1) turns OFF automatically. Thee things happens in case of the other threeosscti

6.1.4. PLC program
The PLC programming required to control the ovepldht lighting system is shown in Figure 9.

7. CONCLUSION

The galvanizing process is one of the most importarits of SME cluster. Bureau of Energy
Efficiency (BEE) has already taken various initias i.e. energy audit and preparation of DetailgjeRt
Report (DPR)o reduce the energy consumption for this most gantized sector in various states of India
[11]. In this paper a different perspective of gyesaving by virtue of automation is stated. Auttiora
provides some form of monitoring capabilities, eitlthrough indicating lamps that's show the staifis
inputs and outputs that can display the prograncwgien status also .There is also a provision of
programmable troubleshooting which reduce downtirfibe automation process has flexibility in
programming and control techniques. Thus it pravidenimum maintenance and small physical size ef th
galvanizing plant. In this case the automation glsavides an accident free environment to the wasrkad
prevents them from coming in direct contact witle tharious noxious gases that are emitted during the
various galvanizing process.
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