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ABSTRACT 

Water is precious for every living being. It covers almost 75% of the earth's surface, 

t Only about 3% of the water on earth exists as fresh-water and most of it is not easily 

available to men. 

Freshwater sources are polluted by activities of men, animals and by natural disasters. 

Water pollution is dominated by industrial and domestic wastes through channels and drains. 

Treating this water to meet standards of drinking quality is a huge task and a costly process. 

^ Many countries face the problem of providing safer drinking water rapidly when faced 

with disaster situations like thousands of refugees as a result of civil disturbances, or natural 

disasters such as tsunami-related events, earthquakes, landslides, droughts or in an event of 

floods. The main issue is to construct water treatment plants which are heavy concrete 

structures in a shorter period of time in a limited land space. 

• The R & D section of the National Water Supply and Drainage Board (N.W.S.& D.B) 

has designed and fabricated a moveable water treatment plant using locally available 

materials and expertise within an affordable capital cost . Three of these mobile type water 

treatment plants have being installed in Pugoda, Mahiyangana and Allauwwa. 

This type of water treatment plants can dismantle into separate sections. They are 

fabricated steel tanks as middle stages of water treatment plant array. These sections can be 

transported to another place, re-assembled and re-located. 

The Pugoda plant has a mechanical flash mixer and three speed mechanical tapered 

flocculators. Flocculating is done by four paddle rotors rotated by geared motors in three 

speeds in three adjacent tanks. These paddle wheels (rotors) are mounted on a horizontal axis 

* inside the tank. The two ends of axel are sealed and supported by two end bearings housed 

• 



beside the tank steel wall. This arrangement of the paddle wheels gives many operational and 

maintenance difficulties when dismantling the bearings and water seals. 

Very frequently chemically mixed water leaks through the water seals and bearings. 

This leads to reduce productivity by reducing bearing life, equipment safety and increasing 

down time, power requirement and operational cost. It needs a substantial quantity of water 

to remove the sludge in the bottom bed by washing them out. 

The objective of this special study is to study the ways and means of improving the 

present installation arrangements of flocculator paddle wheels and to propose an alternative 

arrangement eliminating above operational difficulties. Objective is to find an efficient 

alternative mechanical flocculator system to be used in package-type water treatment plants. 

This report discusses about conventional water treatment arrangement, a brief study of 

floe forming phenomena, specification of the mobile water treatment plant, flocculator types 

and other arrangement types of mechanical flocculators used elsewhere in the world. The 

report includes theoretical aspects of power requirement for rotating paddles. 

The study also proposes a vertical arrangement of flocculating. This is by fabricating 

frame and a plate to mount the gear box and motor. This frame is fitted on to the top frame 

of the tank. The axes of the paddle wheel is supported by two bearings, one is top of the 

channel section and the other is submerged in the water. The housing shall be fixed to 

fabricated plate to bottom of tank. The bearing shall be water resistant type and fully water 

tight by seals. 

The advantages expected from this arrangement are to prevent water leaks, long life of 

seals, bearings and couplings and to reduce operational and maintenance difficulties thus 

reducing operational costs and reducing the amount of sludge washing water. 
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CHAPTER 1 

INTRODUCTION 

1.1 CRITICALITY OF FRESH WATER 

Water is precious for every living being. It covers almost 75% of the earths surface 

and also includes in the atmosphere, geo-sphere and in the biosphere. Only about 3% of 

the water on earth exists as freshwater and most of it is not easily available to men. It 

includes 2% water locked in glaciers and ice-caps. About 0.5% water is beneath the 

earth surface. It is said rivers and lakes contain only 0.2% of earth's waterjgffi^Bfi^ 

Water had been cheaper and people have been careless and wasteful. Fresrny^r^ 

resources over the world are shrinking today. They are polluted by activities of men. 

animals and by natural disasters. Water pollution is dominated by industrial wastes and 

domestic wastes through channels and drains. Men have dumped untreated sewage and 

the wastes into rivers and lakes spoiling the quality of water. 

Water treatment involves removal of undesirable inorganic and organic 

constituents from the water and then disposal of them in the easiest and safest manner. 

Selection of the correct treatment process is the key success of the treatment plant. 

Treating this water to the standard drinking quality is a huge task and a costly process. 

These water treatment plants use rapid sand filters, slow sand filters and hydraulic 

flocculation tanks. Conventional hydraulic flocculators use cross-flow baffles or 180° 

turns to provide required turbulence. Criticality is to get gentle, uniform mixing that 

will not sheer floe. This type is efficient only if the flow is relatively constant and is 

more suitable for medium large treatment plants 

as water vapor in the atmosphere. 



1.2 CONSTRAINS OF CONVENTIONAL WATER TREATMENT 

PLANTS 

* Main weakness of conventional concrete water treatment plants is their 

immovability. All these are heavy concrete structures covering large land space and 

taking about two years to construct. They consume large amount of material and 

capital. 

Many countries face the problem of providing safer drinking water quickly to an 

area where drinking water demand is very high, especially, when they faced with a 

disaster situation like tsunami, camping thousands of refugees rescued from a terrorist 

» custody, flood situations, landslides, droughts, relocating or earthquake destruction. 

Main issue is to construct a medium-scale water treatment plant in these areas in a 

shorter period or in a limited land space. 

In Srilanka , the National Water Supply and Drainage Board (N.W.S.&D.B.) 

bears the sole authority and responsibility to supply pipe borne drinking water to the 

nation with a standard quality at a reasonable price. 

1.3 SOLUTION 

Facing these challenges, R & D center of the N.W.S. & D.B. has designed and 

fabricated a movable water treatment plant using locally available materials and 

expertise within an affordable capital cost. This type of water treatment plants are 

fabricated separately, section by section, (fabricated steel tanks) in one location as 

middle stages of water treatment process. These steel tanks are then transported to the 

location where land space is limited or to the place where the treated water demand is 

severe. The tanks are re-assembled and installed in a reasonably short period. A plant 

with a total plant capacity of 500 m 3 /day is built at a backyard area of 37.2 m 2 (400 sq 

ft). The settling tank tube setting method which occupies only one sixth of the plan 

area required for conventional sedimentation tank. It has been found that this is a 

* viable solution instead of importing package water treatment plants of capacity 

ranging from 500 to 2000 cum/d. 
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Three of these movable type water treatment plants were built at Pugoda Water 

Supply Scheme (WSS), Allawuwa and Mahiyangana (WSSS). The Pugoda plant has a 

capacity of 500 m 3/d costing Rs 6 million, and Mahiyangana plant is of 2000 m 3/d 

with a cost of Rs: 21 millions. This is generally one fifth of the cost of an imported 

plant. [1 ](Research & Development News Vol: 1, Issue 1, Pg 1, Jan 2007 N.W.S. 

&D.B.) 

1.4 PUGODA WATER TREATMENT PLANT 

Pugoda mobile water treatment plant has a capacity of 500 m 3/day and costs about 

Rs: 6 million. Earlier Pugoda water supply plant had only pressure filters for filtering. 

Raw water is taken in from 'Kelani' river. This was not operating properly and not 

producing quality water with respect to turbidity. As mentioned in R & D News of 

N.W.S. & D.B (Volume: 1, Issue 1, Pg 1, Jan 2007 ) most treatment plants in 

N.W.S&D.B water supply schemes have neglected the flash mixing and flocculation. 

The objective of a flocculator in a treatment process is to produce particles big enough 

to form collides, and afterwards to be removed by gravity sedimentation or filtration. 

For this, different types of flocculators are used. 

Current package-type mobile plant at the Pugoda WSS (Water Supply Scheme) 

has a mechanical flash mixer and three speed mechanical tapered flocculators to 

reduce the size of the tanks. Flocculating is done by four pedal mechanical rotors 

rotating on horizontal shafts in three speeds in three adjacent tanks. Although this 

mobile plant saves space, it faces operational and maintenance difficulties as 

flocculation is done by mechanically driven paddle wheel. 



1.5 PROBLEM BACKGROUND 

The present arrangement of the paddle wheels gives many dismantling difficulties 

when replacing bearings and water seals. Paddle wheels are mounted in a horizontal 

axis inside the tank. One bearing end is fixed to outside the tank wall and fully sealed. 

The driven end of the shaft is taken out from the tank by piercing the tank metal sheet 

wall and shaft is sealed from water and supported on bearings fitted in a bearing 

housing fixed to tank frame. 

This arrangement causes to frequent leaks of chemical mixed water, through the 

water seals , when they are worn out. The bearings and the gear couplings are exposed 

to water plash due to worn out seals. This leads to loose bearing life and seal life. Too 

much load acts on driving shaft of gear reducer due to this. Shafts have failed many 

times. 

It needs substantial quantity of water to remove the sludge in the bottom bed by 

washing out the sludge with water in the tank. This type of paddle wheel arrangement 

consumes more material, labour, power and costs more. This arrangement gives many 

maintenance difficulties and more down time and leads to low productivity. 



1.6 THE STUDY 

A brief study has been done on conventional water treatment processes adopted in 

the world and Sri Lanka to identify common strengths, weaknesses and constraints 

when applying them in different situations. 

A detailed study has been done on the arrangements and steps of package type 

water treatment plant at Pugoda water treatment plant installed by N.W.S. &D.B. 

Then a detailed study has been done on the operational and maintenance difficulties 

of paddle wheel type rotating flocculators. A careful study has been done to identify 

the weaknesses for improving the arrangements of paddle wheels to eliminate the 

current operational difficulties. 

A brief literature study has been done on the phenomena of floe formation and 

principles of floe formation. Having done that a detailed literature survey has been 

done on other types of mechanical flocculators used in the world and their 

weaknesses, strengths and their suitability of applying in different situations. The 

study also includes restrictions and limitations of parameters and principles and how 

they are applied and governing the mechanical flocculation. 



CHAPTER 2 

2.0 OBJECTIVES 

It is found that the mechanical flocculation is more suitable for reduced space 

flocculator tanks especially for package-type water treatment plants. Therefore, it is beneficial 

to develop the mechanical system of operation to improve productivity. 

• The objective is to study alternative ways of mechanical systems of imparting 

energy to coagulate water while performing controlled flocculation. 

• To study weaknesses and strengths of other systems used elsewhere to different 

situations and to find suitable arrangement for paddle wheels and to find solutions to 

avoid current maintenance difficulties in dismantling. 

• To conduct a brief study on the phenomena of floe formation. This is to observe 

the restrictions and limitations when doing mechanical flocculation. The specific 

objective is to study how they govern the parameters of mechanical equipments in 

controlled flocculation. 

• To improve the sludge removal mechanism and to reduce the amount of sludge 

washing water. 

• To find an efficient alternative mechanical flocculator system to be used in package 

type water treatment plants .Thus it will improve plant productivity by reducing power 

consumption, plant down time, material replacements, labour usage. Thus reducing 

overall operational costs thereby contributing the development of package type water 

treatment plants to the benefit of the community who enjoy the services . 



2.1 HYPOTHESIS 

There have been continuous experiences related to the weaknesses and 

disadvantages of present arrangement of paddle wheels both during operation and 

maintenance. Studying other ways of doing this, the best method applicable to the 

present situation is to arrange the wheels to rotate in a vertical axis inside the tank 

section. Top end of the wheel shaft is guided by a vertical bearing and the weight of 

the unit is rested on it. Wheel is driven by gear reducer shaft coupling. Lower end is 

guided by a suitable bearing or bush arrangement submerged in water installed on the 

tank bottom. 

Wheel frames are to be fabricated by lighter but non-corrosive material. A 

transverse channel is arranged in the tank bottom to collect sludge swept by rubber 

strips. 



CHAPTER 3 

3 METHODOLOGY 

3.1 A P P R O A C H 

Studying any other alternative ways of mounting the peddle wheels is of concern 

here. Fabricating the paddles in a shaft and mount the shaft vertically. Top end is 

mounted on a bearing which is supported on a 'U' sectioned cold rolled mild steel 

section . This bracket is fixed on the vessel frame. Top end of the wheel shaft is 

guided by a vertical bearing and the weight of the unit is rested on it. Wheel is driven 

by gear reducer shaft coupling. Lower end is guided by a suitable bearing or bush 

arrangement submerged in water installed on the tank bottom .This bearing or bush is 

sealed by water seals. Or it is covered by a conical shape circular rubber sheet so 

that no sand particles will enter in to bush. Material for bottom end bearing or bush 

shall be used with polished carbon block, bronze or stainless. 

Paddle boards and frame materials are selected from lighter and non-corrosive 

materials. Appropriate dimensions are decided by design calculations using the study 

results. The frame and paddle boards are to be fabricated and fastened so that they 

can be easily dismantled for maintenance. 

Gear box & drive motor arrangement is mounted on steel plate welded on to the 

fabricated frame. All bolts to be used with none corrosive material such as chrome 

plated or stainless steel. Power transmission is done by flange coupling from gear 

shaft to paddle wheel shaft vertically. Horizontal paddle wheels are thereby improved. 

Sludge removal is improved by reducing the amount of sludge washing water by 

introducing rubber strips fitted to bottom segment of the paddle frame which will 

sweep the accumulated sludge in to a trench in the bottom of the tank connected to 

drain out valve. 

8 



IMPOSITION OF LIMITATIONS 

1. Flocculation is to be done carefully by maintaining the paddle wheel rotational 

speeds in three stages as to specified ratios recommended in the literature. This 

is because blade linear velocity maintenance is important not to breakdown the 

bonded floe, as they are ready to settle down as sludge particles. 

2. Not exceeding the present power consumption. 

3. Not to fabricate any heavy mounting structures on the steel tank frame which 

may deform side wall plate or frame. 

4. N o any high cost or complex structures used to mount the driving mechanism. 

5. Submerged parts should be in non-corrosive light material. 



CHAPTER 4 

4 INTRODUCTION TO WATER TREATMENT 

Water resources over the world are polluted by activities of men, animals and by natural 

disasters. Main pollutions are caused by industrial wastes and domestic waste through 

sewerage channels and drains. 

Water treatment involves removing of undesirable inorganic and organic constituents 

from water and then disposal of them in the easiest and safest manner. Selection of the 

correct treatment process is the key success of the treatment plant. Treating this water to 

the standard drinking quality is a high task and costly process. 

These water treatment plants use rapid sand filters, slow sand filters or pressure filters 

with hydraulic filters. All these are heavy concrete structures covering large land space 

TYPICAL W A T E R T R E A T M E N T STAGES WITH FABRICATED MOBILE 
STEEL TANKS 

Storage] 

Coagulation flocculation Sedimentation Filtratiok 

Intake well 

Raw water pumps Chlorinators 
— *\ Dist ibution 

clear water ground sump HL Pumps Network 

Fig. 4- la Water treatment process train [2] 
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4.1 WATER TREATMENT PROCESS 

The water treatment process consist of following major steps. They are screening, 

aeration, chemical adding (coagulation &flocculation), sedimentation, filtration, chlorination, 

storing and distribution. 

Screening : 

1. Trash rack: Provided at the intake gate for removal of floating debris . 

2. Coarse screen: Mechanically clean screen before pumps. Removes fish and solids. 

3. Micro strainer : Removes algae and plankton from the raw water. 

Aeration :Oxidizes taste and odor causing volatile organics and gases .Removes 

bad smells. 

Mixing : Rapid distribution of chemicals (lime & alum) and gases into water. 

Coagulation: Rapid mixing of coagulant resulting chemicals to react with clay and 

micro organisms destabilization of colloidal particles of pin-head flock. 

Flocculation: Combining destabilized turbidity and color pin heads forming heavy 

flocks. 

Sedimentation: Rapid gravity separation of big flocks resulting clear water at the top. 

Filtration :Top water sent through sand filters, suspended solids and micro organisms 

stay 

Disinfection : Injecting chlorine gas. Chlorine is a strong oxidizing agent destroying 

bacteria [ 3 ] 

Steps of fabricated mobile steel tanks. 

1. Mixing & coagulation 

2. Mechanical flocculators 

3. Sedimentation tank 

4. Filtration tank 



4.2 A STUDY FOR FLOC FORMATION 

4.2.1 Solids Suspended 

Suspended solids in the water include sand, soil, organic material, bacteria, viruses 

and other material. Particles at high end of spectrum greater than 1 micron will 

usually settle in quiescent water. A suspension of particles that will not settle is 

known as stable suspension. 

4.2.2 Colloidal particles 

Particles that make up these suspensions are known as colloids, but they do not 

readily settle. These can be removed by sedimentation and filtration only after 

4.2.3 Coagulation / 

This is chemical conditioning. It is adding chemicals to modify the physical 

properties to either break down the stabilizing forces or promoting destabilizing 

forces or both. Chemicals used are aluminum sulfate (alum), ferric sulfate, ferric 

chloride or synthetic polymers. Recently coagulation has been used to remove 

organic and inorganic contaminants from water. This is done by using higher 

coagulant dosage. This is known as enhanced coagulation. Turbidity removal is 

seen as process efficiency. 

4.2.4 Flocculation 

Physical conditioning is known as flocculation. Energy input must be properly 

provided after rapid mixing. This is done by gently stirring the mixture to accelerate 

inter particle contact to promote the growth of the flock to a size of destabilizing and 

enhances to settle by sedimentation and by filtration. Typical flock size is 0.1mm to 

2.0 mm. [4] 

chemical and physical conditioning. 
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Table 4-1 Particle sizes found in water treatment 

Material Particle Diameter Micron u. a ' b 

Viruses 0.005-0.01 

Bacteria 
0.3-3.0 

Small colloids 0.001-0.1 

Large colloids 0.1-1 

Soil 1-100 

Sand 500 

Flock Particle 100-2000 

a 1 1 = micron =10 3 mm b m u=mille micron=10~ 6 mm [4] 

4.2.5 Characteristics of Colloids 

Colloids in that range of 0.001 micron to 1 micron. Colloids dispersions have 

light- scattering properties measured turbidity units. These are hydrophobic 

(water-hating) when a weak affinity for water exists and hydrophilic, when it is 

strong affinity. Mass is very little compared to surface area. Gravity has little 

effect on settling. Main phenomena controlling the behavior are electrostatic 

forces. 

Most solids are electrically charged. Charge type varies depending on the nature of 

colloid. Metallic oxide is generally positively charged and nonmetallic and metal 

sulfides are negatively charged. Similar charged colloids repels. Most colloids are 

negative. The forces that influences stability of colloids are 'Van der Waals 'force 

and Brownian motion. [4] 

« 
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Layers on colloid surface. 

Negative surface chargers attract cations like hydrogen in water molecules, thus 

forming a thicker layer surrounding the particle. This is named as stern layer. 

Next layer is the diffused layer. That is ions of both electrical charges attracted, 

opposite ions predominates. In the diffused layer water molecules bound to form a 

shear layer, and will behave as if attached to the colloid. Water molecules outside 

the shear surface are independent of colloid influence. 

The electrical potential at the shear surface is known as the zeta-potential. The 

potential often measured in water treatment, to give an indication of the stability of 

the colloidal system of the effectiveness of the coagulation process. 

.7 Van der Waals Forces & Brownian motion 

These forces attracting between any two masses, which is a function of the two 

masses. The repulsion due to the electrical charge will normally repel the colloids 

before they can move enough for Van der Waal forces to become significant. 

Colloids have sufficiently small mass that collisions with molecular-size particle 

will cause movement of the colloid. Molecules in water in constant motion, with 

the intensity of this motion being dependent upon water temperature. This particle 

motion causes random collision with colloids. This phenomenon is known as 

Brownian motion. 

14 



4.2.8 Particle movement 

(a) Para kinetic : Growth of a particle as a result of inter-particle contacts due 

to 'Brownian motion'. 

(b) Ortho kinetic: Particle growth as a result of inter-particle contacts due to fluid 

motion. 

Para coagulation is typically inefficient for turbidity removal. Only extremely high 

solid concentration will a sufficient number of particle collision occur due to 

'Brownian motion'. In most plants ortho-kinetic flocculation predominate as 

mechanism to promote particle growth. [ 4 ] 

Distribution of electrostatic potential, shear plane .and zeta potential 

Fig 4-1b 
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SCHEMATIC REPRESENTATION OF THE 
DESTABILIZATION OF COLLOIDS 

-k - Q - colloid 

+ 

Stable Slution 
coao1 il*»n*r:ristfll 

destabilized 
colloid 

(a) 

© 

pLoi-ctlU-tlOVt 

Destabilized solution (b) 

' r 

Floe particles grow 

Destabilized solution (c) Improper flocculatl 

•h 
4-

weak colloidal suspension (d) No floe growth due to 
excess coagulation 

Figure 4 - 2 
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CHAPTER 5 

LITERATURE REVIEW ON FLOCCULATORS 

5.1 Objectives of flocculators 

Imparting energy to coagulated water with controlled flocculation without disturbing 

formation of large floes . This is done by gently stirring the solution to accelerate 

inter particle contacts to promote the growth of the flock to a size of destabilizing and 

enhances to settle by sedimentation and by filtration. This stirring velocity gradient 

(three rotating speeds) should be maintained not to breakdown the already formed big 

floes. 

5.2 T y p e s of F l o c c u l a t o r s 

a). Hydraulic flocculators 

Simply utilized cross-flow baffles or 180° turns to provide required turbidity and 

turbulence. Criticality is to get, gentle, uniform mixing that will not sheer floes. 

This type is efficient only if the flow is relatively constant and is suitable for 

medium large treatment plants. 

b). Mechanical flocculators 

These are rotating in horizontal or vertical axis, oscillating or reciprocating types. 

See figure 5 -1 for flocculator types (a) Paddle wheel (Vertical & Horizontal) 

(b) Walking Beam 

(c) Oscillating type 
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Walking beam flocculators 

These have horizontal line shaft, drive units, "Walking beams", and paddle 

supports assemblies, and paddles. The paddles are moved up and down in a 

reciprocating movement by means of a drive motor. The gear reducer, torque arm 

assembly, connecting rod and riser beam converts the circular motion of the drive 

out put shaft in to linear motion. All the bearings drive mechanisms, line shafts 

and guide devices are located above the water level which allows for maintenance 

access at any time. See Fig 5-1 b I in page 19. 

Walking beam flocculators can be designed to ensure the entire basing is effected 

by the flocculation process minimizing short circuiting. The flocculate line shaft 

and be installed either perpendicular to the direction of the water flow or parallel 

to the flow. Tapered flocculation can occur in either direction. [5 A] 

Oscillating type flocculators. 

"Roberts Filter Group" has manufactured swinging paddle and reel type vertical 

flocculators. Swinging paddle flocculators are constructed entirely from coated 

steel with two rows of paddles set 90 degrees apart. Paddles swing freely from a 

horizontal arm bracket, thus eliminating jamming debris or sludge. Wood or fiber 

glass paddles are fitted to steel arms. See Figure 5 - 1 9 (c) in page 19. 
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5.2.3 Rotating flocculators 

The slow rotation of flocculate wheel virtually assures that every water flow 

laminate contacts a paddle surface since in there is substantially no water laminate 

which pass the wheel without contacting one of the paddles and further since the 

rotation of the paddles constantly cuts across the water flow laminates. See Fig5-2 

5.2.3.1 ( a ) Vertical Shaft Flocculators 

These consist of vertical shafts, drive units and paddlewheel assemblies. County 

current or concurrent rotation to water flow can be provided based on the design 

rotation. See Fig 5 -2 in page 21. 

Advantages: These allows for easier compartmentalization due to its vertical 

shaft, single reel design. In order to minimize short-circuiting in flocculation 

basins a minimum of three compartments are recommended. Compartmentalized 

flocculation basins also allow flexibility for varying velocity gradient and 

removing the units out from basin for maintenance easily. 

Bridge ways can be provided by concrete, thick duraluminum or steel to mount the 

unit and the driving unit. Bridges are to be fabricated to withstand the total load of 

the unit. [5B] 

Vertical type simple flocculator has been designed and fabricated by "AM WELL" 

a Division of McNISH corporation in US. It has three paddles rotating with a 

heavy duty constant or speed variable drive, with stainless steel or carbon steel 

construction. Driving mechanism is either shaft mounted or chain or sprocket or 

belt drive. Paddles are fiber glass. 

Lower end rests by readily adaptable C/I pillow block precision roller bearings. 

Drive chains are non-metallic or stainless steel. Drive shaft is, solid or torque tube 

of carbon steel or stainless steel. [6] 
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Paddle Flocculators 

Fig 5-2 
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5.2.3.1 (b) Vertical type flocculators from India. 

Manufactured by Environ Engineering Company India (Environ Eng Com) [7] 

Picture shows flocculator wheel being rested horizontally before installing 

vertically. 

Fig 5-3a 

Specifications 

Mounted vertically 

Impeller: four blades pitched 

Paddle type: r.p.m. 5 to 15 

Motor: HP, 4p, AC, Ph 50 Hz, 415 v 

Gear box: Worm reduction gear box. 

Base: Fabricated and machined 
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5.2.3.2 Horizontal Shaft Flocculators 

The shaft can be installed either perpendicular to the flow or parallel to the flow. 

These can be designed to produce tapered flocculators by varying the size and 

spacing of the paddlewheel assemblies over the entire length of the shaft. They 

typically operates at different speeds with which each successive shaft operating at 

a lower speed than the previous one. The drive unit of the horizontal shaft 

flocculators is mounted outside the flocculator tank or on a platform above the 

water level. This type incorporates a stuffing box to eliminate water leakage from 

the tank to outside. Power transmission is done by a chain and sprocket wheel. 

These have rotating hubs from which radial arms extending. Paddles made by 

plates, fiberglass, wire mesh, flat board or planks. See Fig 5-la of page 19 & fig 5-

2 of page 21. 

Advantage : Above mentioned types can be process greater volume of water. 

Disadvantages: These leads to water leaks if the stuffing box or seals are not 

functioning properly. These are relatively large power consuming, it can be 

eliminated by reducing flow resisting area by using wire mesh or low weight 

boards. [5] 

This type of direct drive horizontal flocculators has been fabricated by 'The 

Roberts Filter Group' in 3-12 meter length. Each paddle section consists of 

fiberglass paddles mounted on steel arms attached to cast shaft plates. Plates are 

keyed to cold rolled steel shaft. A flexible coupling securely connects each 

flocculator section to a variable speed traction drive. [7] 

(Roberts Filter group a company manufacturing flocculator related items.) 
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5.2.3.2. a) Horizontal paddle flocculator at Package Water Treatment Plant Pugoda, 

Sri Lanka. 

The Arrangement 

This plant has mechanical flash mixer and three speed tapered mechanical 

flocculator. Flocculating is done by four paddle rotors rotating on horizontal shafts 

in three speeds in three adjacent tank sections. The paddle rotors are fully 

submerged in the water. Motive power is given from out side shaft of the gear box 

which is mounted on a plate on a bracket fabricated firmly to the tank structure. 

Specifications 

Paddle: Horizontal mounted 4 arm wooden paddles. Load axel dia: 40 mm 

Gear Reduction: Step 1 70:01; Step 2 125:01 ; Step 3 173:01 

Coupling type: flexible bolted coupling. 

Gear Box: Worm & Worm shaft. Carbon steel C 45 

Input shaft dia: Step 1 30 mm; Step 2 25 mm ; Step 3 20mm Carbon steel 

Output Shaft dia : Step 1 50 mm; Step 2 30 mm ; Step 3 25 mm SS or Shaft steel 

Motor : 3 ph, AC 50 Hz, 400 v, 1400 r.p.m. 

Step 1 2.2 kW ; Step 2 1.5 kW ; Step 0.75 kW 
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Horizontal paddle flocculators arrangement at Pugoda Water Treatment Plant 

Cleanout 

Horizontal Flocculator Basin - Plan 
Figure 5 - 3 
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.3 Zero E n e r g y Input Flocculator 

(This is a US patent invention. Inventors Harries, Leslie W. 1438 Yosemite Circle, 

Concord, CA, 94521 , publication date 03/02/1976) [8] 

A paddle wheel flocculator used in a horizontal direction water flow. The wheel is 

fabricated by a plurality of equally spaced semi cylindrical ( cup shaped) paddles . 

formed by relatively thin sheet material that is undulated in a direction perpendicular 

to the length of the paddles. The paddles are extended across the full width of the 

basin and they are fully secured to rotatable mounted hubs. 

The paddles are at all times fully submerged in the water. The paddles arranged in 

such a way that transversely to the water flow. The water flow in the basin is 

diverted over relatively moving paddle surfaces to enhance the coagulation 

providing the sole source of motive power to rotate the wheel. 

These semi-cylindrical shape cups creating a concave trough and a convex back. The 

troughs of the paddles facing in the same direction of rotation of the hub, the plate 

including a multiplicity of undulations extending transversely to the length of the 

trough. The plate further having a projected width which at least about one-fourth 

the water depth. The water flow rotates the wheel at a speed compatible to the water 

speed while coagulants in the water effects on and are guided by the undulations of 

the plates. 
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Advantages of this design: 

1. The thrust impeded on the elongated cup shaped paddle impose the sole 

motive power to drive the wheel. It saves the driving cost. 

2. Undulated sheet members like - semi-circular sections of a corrugated culvert 

pipe, enhances strength and rigidity of paddles. This shape maximizes the surface 

area of the semi cylindrical cup and enhances the contacts between coagulated 

articles. Thus enhances the formation of the relatively large floes and thereby 

shortens the floe settling time. 

3. The paddles are oriented so that each trough faces upstream when it is 

adjacent to the floor of the basin. This slightly increases the water speed in the 

spaces between the outer most edge of such paddle and the basin floor. This helps 

prevent the accumulation of floes, in the space immediately beneath the flocculator. 

4. The width of the paddles projecting onto a plane aligned with the axis of 

rotation. This is between about one-third to one-fourth of the total water depth. As 

they say, this avoids an excessive obstruction of the water path past the flocculator. 

5. Paddle surface area over which the incoming water must flow is substantially 

greater than the "projected paddle surface". This is due to the semi-cylindrical 

configuration of the paddle and surface enlarging undulations. The ultimate flock 

size appears to be increase with the total surface area over which the water must 

flow. It has notified that larger surface area has a direct relation to the increase of 

flock size. [8] 
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5.4 Literature Summary and Discussion 

Drinking clear water is a main need of consumers. Clarifying is done by removing 

turbidity. The literature describes how turbidity is removed and clearing water in 

treatment plants by employing mechanical flocculators. It also describes how 

suspended solid particles and colloids get together and form big floe separating from 

water and settling. 

Flocculation process has to be done very carefully and sequentially. This is done by 

adding chemicals and controlled agitation to imparting energy to improve particle 

movement and contact colloids enhancing growth of flocks heavy enough to 

separate from water. 

Many methods had been practiced to achieve this objective, without breaking 

already formed heavy flocks settling. 

Hydraulic flocculators simply utilized cross-flow baffles or 180° turns to provide 

required turbidity and turbulence. Criticality is to get ,gentle ,uniform mixing that 

will not sheer floes. This type is efficient only if the flow is relatively constant. Type 

is suitable for medium large treatment plants. 

Mechanical flocculators are rotating in horizontal or vertical axis, oscillating or 

reciprocating. 

Walking Beam: Assembled paddles moving up and down in reciprocating motion. 

This minimizes short circuiting the water flow. This type can be installed either 

perpendicular or parallel to the flow directions. Swinging paddles sets 90 degrees 

apart. Peddles swing freely from a horizontal arm bracket, thus eliminating jamming 

debris or sludge. Wood or fiber glass paddles are fitted to steel arms. 
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Rotating flocculators: The slow rotation of wheel assures that every water flow 

laminate contacts a paddle surface. Can be used in tapered flocculators by varying 

velocity gradient. 

Vertical rotating flocculators: These allow easier compartmentalization due to its 

vertical shaft, single reel design. In order to minimize short-circuiting a minimum of 

three compartments are recommended. These have flexibility for varying velocity 

gradient and removing the units out from basin for maintenance easily. No water 

leaks through basin walls. Driving mechanism is either shaft mounted or chain and 

sprocket or belt driven. Driving unit is mounted on concrete, aluminum or steel 

bridge over the basin. Lower end rests by readily adaptable C/l pillow block 

precision roller bearings in a water sealed housing. 

Horizontal flocculators: Shafts are either perpendicular to the flow or parallel to 

the flow. These can be designed to produce tapered flocculators by varying the size 

and spacing of the paddle wheels can reduce the speed with each successive stage. 

Driving unit is mounted in out side the basing or on a platform above the water 

level. Disadvantage of this type is, water leaking through the stuffing box or seals 

and bearings and difficult to remove for maintenance. Advantage of this type is 

then can be process greater volume of water by coupling more wheels in a row in the 

same tank. S e e F i g 5 - l a o f p g l 9 & f i g 5 - 2 of page 21. 

Zero Energy flocculator: Horizontal wheel of equally spaced semi-cylindrical 

paddles, by thin sheet material that is undulated in a direction perpendicular to the 

length of the paddles. Paddles are across the full width of the basin and transverse to 

flow. Due to divergence of flow paddles enhance the flocculation providing the sole 

rotating power to the wheel. Corrugated semi cylindrical section increases contact 

area and improve rigidity of paddles. 
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CHAPTER 6 

6. RESULTS AND RECOMMENDATIONS 

Based on above literature review and special area studies, following recommendations and 

results were found. 

6.1 Findings 

1. As micro particle are negatively charged they are enlarged by combining with 

positively charged chemicals. Imparting energy to particle contact movement 

should be done in a reducing velocity gradient. It is practically recommended 

that velocity gradient is 60/s to 15/s. [Ref - 9] 

2. Hydraulic flocculators are efficient only if the flow is relatively constant. These 

are stationary concrete structures used in medium large water treatment plants 

and not suitable for mobile package plants. 

3. Mechanical swing and reciprocating flocculators have the fabricating and 

installation complexity on a steel tank that of our problem. 

4. In rotating flocculators, slow rotation of wheel assures that every water flow 

laminate contacts a paddle surface. They can be used in tapered flocculators by 

varying rotating speeds in the recommended steps. 

5. The ultimate flock size appears to be increase with the total surface area over 

which the water must flow. It has notified that larger surface area has a direct 

relation to the increase of flock size . But larger it should not break the ready to 

settle floes. 

6. Vertical rotating flocculators are easy to compartmentalization due to its vertical 

shaft, single reel design. Very suitable for mobile type flocculator tanks. Very 

easy to remove the units out from basin for maintenance. No water leaks through 

the stuffing boxes or rubber seals. 

7. Horizontal flocculators can be designed to produce tapered flocculators by 

varying the size and spacing of the paddle wheels and reduce the speed in each 
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successive stage. Horizontal types more tends to water leaking through the 

stuffing box or seals and difficult to remove for maintenance 

6.2 Recommendations 

1. The peripheral speed of a paddle-wheel mixer should be limited to 0.40 m/s for 

alum coagulation and 0.50 m/s for lime softening flocculation. The ratio of 

maximum to minimum mixer rotational speeds normally varies between 2and 4 

Ref[4] and [9] 

2. Paddle wheel diameter shall be 8 5 % of the water depth of basin. This ensures 

complete mixing. (For horizontal wheels) 

3. Practically recommended velocity gradient (G) shall successively lowered in the 

next compartment from 60/s to 15/s . (G = 60/s ; 45/s ;30/s ; 15 /s) [9] 

4. Motors may have variable speed drives to enable to operator to vary the 

velocity gradients to match variations in the raw water turbidity conditions. 

6.3 Rational for choice 

Based on my findings in the literature review, my aim is to modify, design and 

develop the present horizontal paddle arrangement to a vertical arrangement. 

Vertical flocculator is very suitable to mobile type flocculator tanks. Paddles wheel 

is easy to remove out from the basin for maintenance. No water leaks through the 

stuffing boxes or rubber seals. Paddle wheel ether can hang by a direct shaft coupled 

to gear box shaft or can supported at bottom thrust bearing. 

It can improve the sludge removable by introducing strips of rubber flaps fitted to 

the bottom side horizontal frame of the wheel at the last stage ,which will sweep the 

deposited sludge in to a trench in the bottom of the tank. Final goal is to reduce 

maintenance and operational costs through labour, time, material and money. 
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CHAPTER 7 

7. FLOCCULATOR PADDLE WHEEL DESIGN 

7.1.1 Power Requirement & Paddle Wheel Design 

Design of flocculator paddles requires followings. 

a) Mixer speed (velocity gradients) 

b) Paddle size 

c) Power requirements 

d) Number of paddles 

e) Paddle wheel size 

f) Layout 

Flocculator wheels are rotated to give energy to move particle contact while not 

creating sufficient turbulence to break up the already grown up flocks. 

As literature mentions from practical experience typical velocity gradients 'G' in 1/s 

for flocculators ranges from 15/s to 60/s. Flocculator basins are normally designed 

with multiple mixing compartments in a series, with velocity gradients successively 

lower in each stage. These are called "Taperedflocculators'". 

The G value in the first compartment causes a rapid transformation of the primary 

particles into higher-density floe. The lower G values in next compartments cause the 

building of progressively larger-size floe. 

Water power for mechanical mixers is given by P=G2Vp N-m/s 7.1 {9A}. 

Where G= velocity gradient V=Basin volume; u=mixer viscosity in N-s/m 2 at 5° C. 

Normally G values for stages 1, 2, 3 can be taken as Gi=60, G2=45, Gs=30 or 

Gi=45 , G2=30, G3=15 respectively for equal step down. 

Water power requirement for mechanical paddle wheels is given by, 
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2 2g 

Where, P= power imparted to water, in Watts. 

Co= Coefficient of drag, which varies with the length-to-width rat io j&4$9of the 

paddle blades. CD values are given in the table 7-1 l t W v 

A= area of paddles, m p = density of solution. | w C.C!.;^::.^ gj 

Paddle imparts velocity to water. Therefore absolute velocity of paddle rotational 

velocity n„i,s exceeds the relative velocity nrei. Practical experience has shown that 

relative velocity of water is 7 5 % of the absolute peripheral velocity of the blade. 

The peripheral speed of a paddle-wheel mixer should be limited to 0.40 m/s for alum 

coagulation and 0.50 m/s for lime softening flocculation. The ratio of maximum to 

minimum mixer rotational speeds normally varies between 2 and 4 

Table 7-1 Coefficient of Drag C D for Paddle-Wheel flocculator, Based on Length to -

Width ratio of the Paddle 

[9B] 

Length - to-Width ratio (L/W) C D 

5 1.20 

20 1.50 

0 0 1.90 

Table 7-1 
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Motor Power Required 

The motor power required is calculated as follows. 

Motor Power PM = P 7.3 

Egears x Ebearings 

Where , Et,earmgs = efficiency of the bearings, assumed 90 % 

E gears= Efficiency of bearings, assumed 70% 

7.1.2 Determining Paddle wheel arrangement. 

Paddle wheel diameter shall be 85% of the water depth of basin for horizontal axis 

wheels. In the case of vertical axis it will be the height of paddle blades. This ensures 

complete mixing. Determination includes paddle size, number of paddles and paddle 

wheel layout. 

Each basin can have more than one paddle segments coupled together. 

A sample vertical paddle wheel is shown in Fig 7-1 

Diameter of wheel =1000 mm ; Height = 1000 mm 

Blade width = 80 mm ; Blade spacing = 100 mm 

03 blades in each paddle. 4 paddles placed at 90 0 angle. 

Blades located at center to center diametric distances of 920mm ; 560mm; and 200 

mm. respectively. 
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V E R T I C A L P A D D L E W H E E L A R R A N G E M E N T 

4 P a d d l e s 
3 B l a d e s in e a c h paddle 

P L A N 

Driven coupling 

Solid Shafting 
0 3 2 mm 

Diagonal Slifner MS 
2 5 x 2 5 x 3 mm Angle 9 L 

900 lOM 

S t e p Down 
0 2 8 m m Tapered for 

bush 

F R O N T E L E V A T I O N 

All m e a s u r n m e n t s are in milli meters 

Fig 7 - 1 
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7 .1 .3 Rotational speed & Power required 

From equation 6.2, Pw (Power imparted to the water) = CnApv3 

2 

Then Pw = (CopAivf+Cgp A2v2

3+CdP A3v3

3)N 7.4 
2 2 2 

Co (Coefficient of drag) is calculated from the table blade length to width ratio L/W. 

Ai= Total peddle blade area in the 1SL radius = 4* single blade area W*L 

A2- Total peddle blade area in the 2ND radius = 4*single blade area W*L 

A3= Total peddle blade area in the 3"D radius = 4*single blade area IVxL 

A =At=A2=A3=4*L(length ofpaddle)*W(width of paddle) 

Say (Pn) = Number of paddles at each radius per wheel = 4 (normally Pn=2,3,4) 

Let W = number of segments ( full wheel with 4- paddles. N = 1, 2, 3, . . .) 

If Total area of paddles =AT ,then Af=Pn *A*N 

Let, 

vi, v 2 , v 3 = Average velocity of each paddle blade relative to the water in each radius 

In practice paddle velocity relative to the water is approximately 7 5 % of the absolute 

peripheral velocity of the paddle. If n=paddle revolutions per seconds (r.p.s) 

then v=7in r e |d=0 .757in a bsd where, d=diameter from center to center of each blade. 

Total power from all paddles , substituting these in equation 7.4 we get, 

Pw = CnO (PnA,v,i+PnAvvi+PnA^i)N 7.4 
2 

That is Pw = C^pPnNA {(0.75nnabidif+(0-75nnabsd2)3+(0.757tnabsd3)3} 
2. 

then, Pw=CSQ_A7{0.75Ttnabs)3 (d,3 +d2

3+d3

3) 7.5 [9 D] 

2 
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7.1.4 Sample calculation for vertical paddle wheel in fig: 7-1 

Paddle wheel dimensions are selected to floculator tanks of mobile water 

treatment plants. 

Considered three stage flocculating tanks each compartment with following dimensions. 

Length 1.6m ; height 1.6m ; width 1.5m. Alum mixed water height 1.5 m. 

In the equation 7-1, water power for stagel P=G2Vju N-m/s 7.1 

Velocity gradient for first stage 1 G=60/s. and u=1.512xl0" 3 N-s /m 2 at 30°C 

Flocculating volume V=l .6 x 1.5x 1.5 m 3 = 3.6 m 3 

Substituting these in equation 7 .1, 

water power for stage 1 paddle wheel 

P= (60/s)2x3.6m3xl.512xl0~3 N-m/s 

P=19.595 N-m/s 

Say ,P=20 W 

Motor Power PM = P 7.3 

Egears * Ebearings 

Where , Ebearings = Efficiency of the bearing , assumed 90 % 

Egean = Efficiency of gears , assumed 70% 

Then, from equation 7.3 Stage 1 Pm = 002 

(0.7x0.9) 

PM= 0.0317 kW 

Say PM = 0.032 KW. 

In a similar manner power imparted to water and motor power wanted for 2 n d and 3 r d stages 

are calculated using G=30/s and G=15/s, respectively. Results tabulated in the table 7-2. 
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7.2.1 Rotating speed for paddle wheel configuration selected in Fig 7 -1 . 

L = length (Height) of blade = 120 cm =1.2 m and wheel diameter is 1.2 m. 

W= width of blade = 10 cm = 0 .1m space between two adjacent blades 8 cm =0.08 m. 

3 blades in each four paddles in the locations of 1.10 m; 0.74 m and 0.38 m. center to center. 

Then, Total paddle area A T =A *Pn*N 

.Where A=L * W= 1.2*0.1 =0.12 Pn = 4paddles, N=l(one segment) 

At=0. 12*4x1 

AT=0.48 

C D=Drag coefficient. In table 7.1 ,this given as to L/W ratio. 

Blade length to width ratio L/W= 1.2/0.1=12 

L/W CD 

5 1.2. 

12 CD 

20 1.50 

Interpolating for Co , 

12-5 = Cn - 1.2 

20-5 1.5 -1.2 

CD=1.34 

When p=1000 , Pw=20.0 W (N-m/s) substituting these values in the equation 7.5 

20 N - m / s = d . 3 4 ) x 1000 N/m 4 x0 ,48 m 2 * (0.75 7 t n ^ W ( l . l m ) 3 ^ 7 4 m r 3 - H 0 . 3 8 m)31 
2 

n a b s = 0.0147 rev/s 

Say, n a b s = 0.88 r.p.m. 

Recommended values for n a o s for first stage is 2 to 10 r.p.m. Since above n a b s value is very 

low , suitable r.p.m. in the recommended range was obtained by trial and error by altering 

blade length and width and their placing distances in the arm. 
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7.2.2 Second trial for finding speed in the recommended range. 

Trial dimensions selected L = length of blade = l m ; W= width =0.08 m ;wheel diameter= lm 

3 blades each four paddles in pitch circle diameter 0.92 m; 0.56 m and 0.02 m. center to 

center. 

Using equation 7.5 , let Pw = Power imparted to the raw water 

then, ?Y/=CopAT(0.75itnabJ3 (d3 +d2

3 +d3

3) 7.5 

where Ay=APnN 

A=L* W= 1.0x0.08 Pn = 4 paddles, N= 1 (one segment) 

At=0.08*4x1 

Aj=0.32 

Co=Drag coefficient. In table 7.1 ,this given as to L/W ratio. 

Blade length to width ratio L/W= 1.0/0.08=12.5 

L/W Co 

5 1.2 

12.5 CD 

20 1.50 

Interpolating for Co , 

12.5-5 = Cn - 1.2 
20-5 1.5 -1.2 

CD=1.35 ' 

When p=l 0 0 0 , Pw= 20.0 W (N-m/s) substituting these values in the equation 7.5 

20 N-m/s= f 1.35) xlOOO N/m 4xQ,32 m 2 x fQ.75 T t n ^ x r(0.92m)3+(0.56m)3+r0.20 m)31 
2 

n a b s = 0.0408 rev/s 

Say, n . ) n s

 = 0.041 rev/sec = 2 . 4 6 r.p.m. lowest r.p.m .required for flocculation. 

This is in the recommended r.p.m range of 2 - 10 . 
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In the similar manner n a b s for 2 n d and 3 r d stages were calculated using respective water 

powers. 

Table 7-2 Sample design parameters for the selected Paddle Wheels in three stages . 

Stage Velocity 

Gradient, 

G,l /s 

Motor power 

Required 

kW 

Water 

Power kW 
nrei 

r.p.m. 
nabs 

r.p.m. 
Actual 

speed 
'n' 

rpm 

1 60 0.032 0.02 1.84 2.46 2—10 

2 45 0.02 0.011 1.01 1.35 1—6 

3 30 0.008 0.005 0.46 0.61 0.5--4 

Table 7 -2 

Absolute rotational speed n„/,s is the lowest required speed for the wheel. Gear reduction 

shaft r.p.m.s were selected more than that as to market availability of gear reduction units, 

but in the respective recommended r.p.m. range limits for each stage. 

It is selected identical motors for all three stages for interchanging ability with identical 

size spare motor. Motor capacity recommended is 0.37 K W . 
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8.1 CHAPTER 8 - DESIGN TREE & ANNALYSIS. 

DEVELOPMENTS OF FOCULATING PADDLES IN MOBILE WATER TREATMENT PLANTS 
USER NEEDS 

• To improve the paddle wheel arrangement to improve the flocculation and productivity without increasing power consumption. 
• To reduce fabricating and operational costs by easy removing with low labour, time, cost without any heavy mounting structures. 
• To prevent any water leaks and to increase life time of bearings and parts. Not to harm the processing water and environment... 

Main Problem 

Flocculator TvDe 

IRotate vertical 

2 Rotate Horizon 

3 Walking 

4 Swing 

5Vertical Impeller 

ENGINEER'S PERSPECTIVES 
Processing capacity & paddle type : 500 m3/day ; Vertical rotating 
Wheel Size : Diameter 1 .m ; height 1 .m Speed (r.p.m.) s tep l - 8, step 2- 5, step 3 -3 
Gear ratio : Step 1-175:1, Step 2 -280:1, Step 3-460:1 
Motor power : Max 0.37 Kw ,1400 r.p.m. 4 pole. A.C. 3 ph,50 Hh. 
Cost per unit: LKR 150,000.00 ( with new motor & gear boxes ,paddle wheel and structure). 
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Associate Problem 

Fabrication AP 1 

lWelding&Fastn 

2 Reverting 

3 Welding 

4 Adhesive 

Material AP 2 

lF.Glass/Al/Steel 

I 2 Stainless steel 

3 Wood / Steel 

Secondary Problems 

Power Source SP1 

1 Electric Motor 

2 I.C. Engine 

3 Manual Power 

Transmission SP2 

IBelt Drive 

2Chain& Sprocket 

3Gear Reduction 

4Aluminum/ Steel 

5 P.V.C.& Steel 
wz. 



8.2 Design tree analysis - problems to be addressed 

1.0 Main Problems 2.0 Associated Problems 3.0 Secondary problems 

1. Flocculator type 1. Fabrication method 1. Power source 

2. Materials 2. Power transmission modes 

8.3 Solutions for main problem — Strengths and weaknesses 

1 Rotating Vertically : 

These allows easier compartmentalization due to its vertical shaft, single reel design. They 

have flexibility for varying velocity gradient and removing the units out from basin for 

maintenance easily. N o water leaks through basin walls since no bearings fitted on side 

walls. Readily removable bearings on top. Installing submerged bearing is little complex 

and expensive. Since these are rotating in low r.p.m. a guide bush is enough at the 

submerged end of shaft. No tight gland or rubber seal friction .Can attach sludge sweeping 

rubber strips to bottom side of frame. 

2 Rotating Horizontally : 

These can be produce tapered flocculators by varying the size and spacing of the paddle 

wheels. Driving unit is mounted in out side the basing or on a platform above the 

water level. Disadvantage of this type is, water leaking through the stuffing box seals 

and bearings and difficult to remove for bearing and seal replacements and cleaning work. 

Advantage is these types can be process greater volume of water by coupling more 

wheels in parallel in a row in a wider tank. At this situation only one wheel is used. 

3. Walking Beam : 

This mechanism needs more power and extra mechanical linkages such as torque arm 

assembly, connecting rod and riser beam and paddles. It also needs more strengthened 

structures. This is not suitable for our problem situation. 
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4. Swing paddles assembly. 

A series of vertically swinging paddles are mounted on a long horizontal shaft. The tank 

should have a large length and breath. Structure is heavier. This type is not suitable for the 

limited space basing. Area is not so effective. 

5. Single vertical impeller 

This is a single large impeller mounted in the middle of a large basing. Flocculation 

effect is limited as only one impeller or fan type blade. Suitable for a large single 

basing. Short circuiting happens. 

8.4 . Solution for Associated Problems. - Strengths and weaknesses 

A.P.lFabrication 

1. Welding & Fastening : 

This paddle wheel needs to remove from the basing tank for cleaning and bearing 

replacements. The wheel frame must be stiff. Non metallic paddle blades shall be fastened 

by bolts. Driving unit and primover to be dismantled to remove the wheel, therefore 

welding and bolt fastening both needed. This solution is recommended. 

2. Revert ing: 

This is not recommended as the wheel unit has to be removed when wanted. Reverting only 

is not enough for fabricate the parts and it is not enough for strength of the frame. 

3. Welding : 

Welding only is not permitted as some parts to be dismantled. Non-metallic parts cannot 

be welded. 

4. Adhes ive: 

This is not suitable as most parts are metallic and unit is working under water. 
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4 Associated problem 2- Materials 

Fiberglass, Aluminum & Stee l : 

This is recommended. Paddle blades can be made by applying 4 mm thick fiber glass layers 

on a 2mm thick longitudinally corrugated aluminum sheet. As frame, hub and mounting 

brackets needs rigidity, they are recommended to fabricate from mild steel sections and 

painted food grade marine paint.. Fiber glass surface to be smoothen by spraying a water 

resistant paint. 

Stainless s tee l : 

Stainless steel is very suitable , but it is expensive and much heavier. 

Wood & Stee l : 

Tough water resistant wood and steel is recommended. Timber surface should seasoned 

and polished, (recommended timber is "Redwood", "Hora " and " Kumbuk ".) 

Aluminum /Stee l : 

Aluminum sheets alone are not suitable for blades. Coagulated water is mixed with 

aluminum sulfate and lime. Aluminum reacts in acidity and alkaline media and form 

cavities on the surface. Pure aluminum is not suitable. Therefore it is rejected. 

Thick P.V.C. curve section plates & Steel sections : 

A thick P.V.C. curve section plates can be obtained from splitting a thick 200 mm 

diameter 10 mm thick P.V.C. pipe. P.V.C. gives the chemical and water resistance and 

lightness. Thickness and the curvature gives the stiffness of blade. Frame is fabricated by 

mild steel . Thickness of section gives the strength and stability of assembly. 
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8.5.1 Secondary Problems 1- Power source 

1. Electric Motor : 

Electric motor is ideal for this situation. It can be readily coupled with gear reducer and 

energy efficient than I.C. engine. Runs smoothly and very low noise. Not suitable for areas 

where no electricity. Can used with variable speed drives. Should be covered from bad 

weather. 

2. Internal Combustion engine: 

These engines have extra maintenance aspects and they are heavy. They vibrates and noisy. 

Oil or fuel may spill on mounting brackets and to water basins. More suitable for areas 

where no electricity. 

3. Manual Power : 

Very hard to use human power as rotating has to be done continuously at a constant speed 

for several hours. Therefore it is not recommended. 

8.5.2 Secondary Problems 2- Power transmission : 

1. Belt D r i v e : 

Too much space required to placer with an electric motor. Difficult to get a large speed 

reduction. Slipping may occur. Operation is simple. Suitable for little power requirements. 

Low weight and easy maintenance. This wheel rotates in very low r.p.m. It requires large 

speed reductions. Therefore belt drives are rejected. 

2. Sprocket and chain : 

Little more space requires with a motor on a flat-form. Noisy and requires little 

maintenance. Can transmit more power without slipping, Cannot obtain large speed 

reductions. 
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3 Gear reduction box : 

Requires less space when directly coupling with the motor. Gear reduction unit is 

expensive and heavy. Can transmit high power and obtain large speed reduction as our 

requirement. Therefore gear drive system selected for power transmission. 

Based on above disadvantages and advantages of above alternatives, some sub solutions were 

selected and some were rejected according to the suitability to present problem s i t u a t i o n . ^ - ; ^ 

(02) 1.1.2.1.3 --Vertical/Welding & Fastening / Stainless Steel / Electric Motor /Gear 

(03) 1.1.3.1.3 --Vertical/Welding & Fastening / Wood & Steel / Electric Motor/Gear 

(04) 1.1.5.1.3 -Vertical/Welding & Fastening / P.V.C. & Steel / Electric Motor /Gear 

V 8.6. N e w S u b So lut ions 

(01) 1.1.1.1.3. - Vertical/Welding & Fastening/F.glass, Alu&Steel / Electric Motor/Gear 
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Compar i son of new sub solutions 

Sub 
soluti 

on 

Advantages Disadvantages 

1.1.1.1.3 Conversion to vertical rotation is easy. No leaks 
through walls. Easily removable. 

Fiber glasses reinforced with rippled aluminum 
have good and adequate strength . 

Can bolted to mild steel frame. Can drive with 
electric motor and pulley- belt drive. 

Belt may slip. Maintenance of bottom 
submerged bearing is much difficult. 

Fiber glass surface should be painted 

by a food quality paint. 

1.1.2.1.3 
Well suitable for muddy , chemically coagulated 
raw water. Can fabricate the paddles and frame 
for more strength and long lasting period. 

Suitable for vertical rotation . Requires little 
space for direct coupled gears. Can obtain large 
speed reductions and toque than other types of 
drives 

Material is expensive and heavy, may 
require little more power. 

Gear box is heavy and expensive 

1.1.3.1.3 Can fabricate the paddles using high water resistant 
variety of wood . Frame is done by mild steel 
sections. Can obtain good strength and fairly long 
life. 

Suitable for vertical rotation. Gear drives can 
obtain large speed reduction and power than to 
belts and chains. Need small space and low 
maintenance than to belt and chains. 

Material is expensive and heavy, may 
require more power than a fiberglass 
or stainless steel. Not long lasting as 
stainless steel. 

Wood must protect by applying wood 
preservative painting. Wood 
preservatives may toxic to drinking 
water. Gear drives expensive and 
heavy and noisier.. 

1.1.5.1.3 
Can fabricate the paddle boards with thick P.V.C. 
curve section plates split from thick P.V.C. pipe. 
Have good water and chemical resistant and light 
weight. Frame is done by mild steel sections. 

Can obtain good strength and fairly long life. 
Suitable for vertical rotation. Gear drives can obtain 
large speed reduction and power than to belts and 
chains. Need small space and low maintenance than 
to belt and chains. 

P.V.C. pipe should be split evenly. 

Not strong and long lasting as 

stainless steel. Gear drives expensive 

and heavy and noisier than belts. 
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8.7. C a n d i d a t e So lut ion 

Considering above mentioned strengths and weaknesses, following two candidate solutions were 

selected . 

• 1.1.1.1.3 

Type - Rotating vertically 

Fabrication - Welding and fastening 

Material - Fiber glass / Aluminum / mild steel 

Power source - Electric motor 

Speed reduction - Gear reduction box_ 

• 1.1.5.1.3. 

Type - Rotating vertically 

Fabrication - Welding and fastening 

Material - Thick P.V.C. plates & Steel 

Power source - Electric motor 

Speed reduction - Gear reduction box 

Comparison of material combination 

In the candidate solutions, flocculator type, fabrication of paddles, power sources and speed 

reducing methods are all identical. Conceptual solution is found by comparing material 

combination. 

1. Candidate solution 1.1.1.1.3 

Fiber glass /Aluminum /mild steel 

Advantages 

Wheel paddles are made by thin longitudinally corrugated aluminum sheets covered by fiber 

glass layers. These blades are fixed by stainless steel bolts to mild section fabricated frame. 

This is low weight and cheap. 
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Disadvantages 

o Construction complexity. Takes time for fiber glassing the aluminum sheet blades. 

Fiber glass surface must coated by a paint to smoothen the surface. 

o Somewhat low strength. If fiber glass layer damages, aluminum start to react with 

chemicals and starts decaying. 

8.7.2 Candidate solution 1.1.5.1.3 

P.V.C. paddle boards 

Advantages 

o Light weight and cheaper than fiber glassing. No paint coating requires. 

o Good stiffness with curved wall and long lasting to chemicals and raw water. 

Disadvantages 

Cutting P.V.C. pipe evenly is difficult. Not very strong as wood or stainless steel. 

By considering the above strengths and weaknesses of the candidate solutions, most suitable 

final solution was selected for the main problems and secondary problems. 

8.8 Conceptual Solut ion 

• 1.1.5.1.3 

Type - Rotating vertically 

Fabrication - Welding and fastening 

Material - P.V.C. Paddle boards with mild steel frames protection painted . 

Power source - Electric motor 

Speed reduction - Gear reduction box 
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CHAPTER 9 

9.0 PADDLE WHEEL DESIGN DESCRIPTION. 

1. The paddle wheel 

The paddle wheel is mounted in vertical axis. Paddles are or bolted to a steel angle iron 

frame .The frame is strengthened by a diagonal bar. Frame is welded or bolted to hub 

plate welded with a steel bush. The bush is keyed to carbon steel shaft. 

Top end is mounted on a radial roller bearing which bears the weight of the shaft and 

paddle wheel assembly. This bearing tight fitted in to a purpose machined bush welded 

to a mild steel plate. This plate is welded on to two channel sections. This cut sections 

are fixed on the tank top frame by bolting. Shaft top end has the driven side coupling half 

keyed to shaft. 

2. Gear box 

Gear reducing unit & drive motor arrangement is mounted in a higher level to upper 

bearing plate on a steel bench fabricated on the same steel bridge way. 

3. Bottom end 

Bottom end is submerged in side the flocculating water tank guided by a purpose 

machined bronze or nylon bush. This prevents swinging of the wheel. This bush is tight 

fitted in to a steel bush which is welded on to a steel plate or cast iron plate which is 

firmly fixed to tank bottom plate by means of welding or fastening by non corrosive 

bolts. This bush can be replaced with a new one when worn out. 

4. Sludge sweeping 

The system introduces flexible rubber strip to bottom horizontal arm of the frame of 

rotor, so that it will sweep the accumulating sludge in to a transverse direction channel on 

the bottom plate. (This is optional). 

5 Discarding 

Items can be dismantled from bolts Mild steel decay by nature. P.V.C. recyclable 

Non corrosive bolts can be re-used . Bronze bush can be re-melted. 
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Design Specifications 

1. Flocculator W h e e l : Vertical axis , 4 paddles in 90° apart, 3 blades in each paddle. 

Diameter 1.0m height 1.0 m. 

Paddle blade : Length =100 cm; Width 8 cm; 10 mm thick quarter circle curve 

section P.V.C. plate. These are cut pieces of axially split P.V.C. blades from 10mm 

thick diameter 200mm P.V.C. pipe. Paddles are fastened to frame by 10mm 

stainless steel or chrome plated bolts. 

Blades fitted at center to center pitch circle diameters 920 cm ; 560 cm ; 20 cm. 

2. Frame arms : Mild steel angle iron redially welded to hub. Diagonally stiffened up 

and down arms by M.S. angle piece. M.S. size 25 mm x 25 mm x 3 mm. 

3. Hub : Mild Steel plate 10 mm thick & M.S. bush. Thickness 15mm : 

Outer 0=5Omm ; inner 0 = 25mm. 

4. Paddle shaft : cold rolled solid shaft steel ( carbon steel) . Bigger than power shaft 

Outer 0 = 2 0 mm 

5. Power shaft : Dry well shafts cold rolled solid shafts (carbon steel) turned and 

polished. 

6. Shaft coupling : Keyed cast iron flexible coupling, bored to slipover the shaft 

and babitted for accurate alignment. 

7. Top Bearing : Top bearing is grease lubricated antifriction thrust ball bearing. 

(L 10 rating at least 100,000 hrs. with 10 r.p.m.). Housing shall be bolted to steel 

plate. This bearing shall be purpose design to carry shaft and wheel loads plus and 

additional of 25% load of the weight of the unit. 

8. Bottom end : Guide bush is purpose machined bronze or nylon bush. This prevents 

swinging of the wheel and shaft corrosion.. The bush is tight fitted in to a steel bush 

which is welded on to a steel plate or cast iron plate . 
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9. Bridge way :M.S. channel section 37mm x 50mm x 37mm x 5mm . 

Mounting structure; M.S. 90° angle section 37mrnx37mmx5mm: 12mm M.S. plate 

10. Protective coating : Metal surfaces painted with anticorrosive marine paints. 

11. Gearing ratio : stage 1,175:1 ; Stage 2, 280:1 ; Stage 3,460:1 

Type :Worm & gear, with life factor 100 million cycles with service factor 1.5 

(continuous, transient, starting). 

12. Electric Motor : Squirrel cage induction ,3 ph, AC 50 Hz ,1400 r.p.m. 

All stages 0.37 KW identical motors. 

To get the calculated speeds from the 1400 r.p.m. electric motors it have to find very high gear 

ratios. Market availability of such speed reduction gear sets are difficult to find. Therefore 

Gear ratios were selected so that paddle wheel rotational speeds will increased within the 

recommended range as table 9 - 1 

13. Selected gear ratios and actual wheel speeds. 

Stage Calculated 
nabs r.p.m. 

Motor power 

K W 

Motor 
r.p.m. 

Gear ratio Actual 

Wheel 
speed 
rpm 

Recommended 

range 

1 2.46 0.37 1400 175 :1 8 2—10 

2 1.35 0.37 1400 280:1 5 1—6 

3 0.61 0.37 1400 460:1 3.0 0 . 5 - 4 

Table 9 -1 
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CHAPTER 10 
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10 DESIGN EVALUATION 

10.1 Motor power for drive. 

Power required to rotate the fastest wheel at 8 r.p.m. 

using the equation 7.5 , nabs=8/60 

Power = (1.35) xl 000 N/m4xQ.32 m 2 x (0.75 7 U i a b s ) x [(0.92m) 3 +(0.56m) 3 +(0.20 m) 3 ] 
2 

= 508.93 x (8/60) x [0.962] 

Power = 65.278 watts 

Power = 0.0653 KW. 

Proposed power for motor 0.37 KW > 0.0653 KW 

Safety factor = Available power = 0.37 = 5.67 
Required power 0.0653 

Therefore selected power 0.37 KW for identical motor is suitable . 
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10.2 Evaluation of shaft sections ,bolts and sections for strength. 

Least diameter of shaft is at driven coupling . Considering power required for fastest 
wheel, considered fastest r.p.m. is 10. 

Power = Torque X angular velocity 

65.3 = T * 1 0 * 2 T I / 6 0 

T = 62.357 Nm 

From Torsion equation , 

J _ = t where J= Polar moment of shaft section = 7 i d 4 / 3 2 
J r x = torsional shear stress for shaft material 

612= r 

then , d 3 = 1 6 T 
7t T 

From theory , M 

hence, ay= 32M 
7 t d 3 

Considering principal stresses acting on shaft, 

Allowable least shaft diameter for maximum bending moment 'M' and allowable 
maximum bending stress 'ad' is given as ; 

d 3 > 16 { Mk b + V ( M k b ) 2 + (Tk,) 2 } 10.1 

Allowable least shaft diameter for maximum torque ' T ' on and allowable maximum 
torsional shear stress ' T a ' is given as 

d 3 > 16 . { Mk b + V ( M k b ) 2 + (Tk,) 2 } 10. 2 
7lT d 

- Iqy where M = bending moment on shaft and 1= 7 i d _ , y= d 
y 64 2 
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Where KbandK t factor for sudden minor shocks kb=1.5to 2.0 ; k , = l to 1.5 

For sudden heavy shocks kb = 2.0 to 3 ; k, =1.5 to 3.0 

The shaft paddle wheel assembly is suspended on a thrust bearing . It is guided in a bush 
at the bottom end. 

No swinging at the bottom or lateral forces acting on shaft. Therefore it is assumed that 
the shaft is in tension and torsional shear only. 

Then both equations 10.1 and 10.2 compiles to equation 10.3 as follows; 

d 3 > = i 6 _ { T k t } 10 .3 
7ixd 

Shaft material is low carbon S46 C Ni alloyed (0.8%) shafting material. 

Practical recommendation for design purposes for most ductile materials , 

for bending stress ad=0.36*5ut & Od=0.6*5y which ever lowest 

Likewise T s =0.2 *5ut & T s =0 .3*8y which ever lowest. 

[10] Ref: Google serch Torsion: power transmission and stress concentrations design 
supplement. & Mechinery hand book (1996) 25 t h ed., Industrial press Inc. New York. 
Pg280 

Ni steel shaft S45C (ASME) ay =504 N/mm 2 o u t =700 N/mm 2 

[ l i ] WWW.engineershandbook.com/tables/steelproperties G10500 (sited 12/14/2009) 

Therefore T s =0 .2 *700 = 140 N/mm 2 and T s =0.3*504 = 151.2 N/mm 2 

Lowest is T s = 140 N/mm . 

Rectangular key dimensions from shaft diameter. 

L=length 1.5d ; w=width = d/4 ; t/2=thicknes/2=d/12 

Diameter at coupling step d=20 .selected L=30mm ; w=6 mm ; t/2=1.67 taken as t=5 
mm. [12] 
Shaft diameter at key cut = 20-t/2 mm 

= 17.5 mm t / I N «—1 / 2 

http://WWW.engineershandbook.com/tables/steelproperties


From eqn; 3 , d 3 >= ! 6 _ { T k t } - eqn 3 
7ixd 

used K t= 1.5 for sudden minor shocks. Then T x k t= 62.357 * 1.5 

xd >= _16_Tkt 

d 3 7t 

xd >= 16 x 62.3 5 7 x1.5 x 10 3 N/mm 2 

7 i x(17.5) 3 

= 88.88 N/mm 2 

88.88 N / m m 2 < Allowable shear stress for shaft 140 N / m m 2 140/88.88 = 1.57=S.F. 

This section diameter for shaft 20 mm is satisfied . 

[13] Material yield stresses are real material tested values . Therefore S.F. =1.3 is acceptable to ASME 
codes. (ASME = American Society of Mechanical Engineers) 

).3 Strength for coupl ing keys 

w 

Key material is plain carbon (0.15%) mild steel. 

Material properties Tensile strength =430 N/mm 2 

Yield stress = 230 N/mm 2 

Ref: [14] 

Most ductile material x d = 0.6*O"y [10] 

a crushing =2 T shear if the key is to fail both by crushing and shear at once. 

T shear = 230 * 0.6 = 138 N/mm 2 

o-cr =2*138 
= 276 n/mm 2 
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Strength for crushing of key ; 

Key dimensions selected. L= 30 mm ; W=6 mm ; t=5 mm. 

Torque of shaft T = ocr * d * t* L Key crushing area 5/2 x 30 
2 2 

Crushing stress of key= o r r 

62.357 * 1.5 * 10 3 = ocr* 20*5*30 N/mm 2 

2 2 

qcr= 124.714< allowable shear stress 276 satisfied. 

S.F.=276 

124.714 

S.F. = 2.2 

10.3.2 Strength for shearing of key 

Torque of shaft T = t shear * d * w* L 
2 

62.357 * 1.5 * 10 3 = x shear *20 * 6*30 
2 

t shear =51.96 < Maximum allowable shear 138 N/mm 2 satisfied. S.F.= 138/51.96 =2.6 

Selected key dimensions . L= 30 mm ; W=6 mm ; t=5 mm. satisfied. 

10.4 Keys for hub 

At hub shaft step diameter =30mm From key hand book rectangular keys for shaft d=30, 

table dimensions for key L=40 ; W=8 ; t=7. ref: [12] 

Shaft d=30 > 20 mm. therefore no failure of keys at this section. Key size is satisfied. 
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10.5 Strength of coupling bolts. 

30mm M8 A2 coupling bolts material S304 Stainless steel 

Typical values Tensile strength =700 N/mm 2 

Yield Strength =450 N/mm 2 

30mm minimum Values Tensile strength =500 N/mm 2 

Yield Strength = 2 1 0 N/mm 2 

Ref: [15] stainless steel alloy Ni% 8 - 13 ; Cr % 18 -19 

i L 

30mm M8 A2 coupling bolts material S304 Stainless steel 

Typical values Tensile strength =700 N/mm 2 

Yield Strength =450 N/mm 2 

30mm minimum Values Tensile strength =500 N/mm 2 

Yield Strength = 2 1 0 N/mm 2 

Ref: [15] stainless steel alloy Ni% 8 - 13 ; Cr % 18 -19 

i 

30mm M8 A2 coupling bolts material S304 Stainless steel 

Typical values Tensile strength =700 N/mm 2 

Yield Strength =450 N/mm 2 

30mm minimum Values Tensile strength =500 N/mm 2 

Yield Strength = 2 1 0 N/mm 2 

Ref: [15] stainless steel alloy Ni% 8 - 13 ; Cr % 18 -19 

30mm M8 A2 coupling bolts material S304 Stainless steel 

Typical values Tensile strength =700 N/mm 2 

Yield Strength =450 N/mm 2 

30mm minimum Values Tensile strength =500 N/mm 2 

Yield Strength = 2 1 0 N/mm 2 

Ref: [15] stainless steel alloy Ni% 8 - 13 ; Cr % 18 -19 

Torque =nFr n= number of bolts r= pitch circle radius Bolt diameter=8 mm as M8 

bolt. 

F= 62.357 x 1.5 x 1000 
4 x 3 0 

F= 779.46 N 

Shear stress in single bolt= 779.46 
71 (8/2) 2 

Shear stress in single bolt = 5.5 < Maximum a s = 6 3 = 2 1 0 x 0.3 Satisfied. 

10.6 Safety at the castle lock nut. 
Weight of paddle wheel assembly is suspended on a thrust bearing . The shaft is locked 

by a castle lock nut and friction at bearing inner bore. 

Weight of the paddle wheel assembly .Unit weights by tables. Ref; [ 15] International ship 

builders association tables . 

Weight of the paddle wheel assembly 

Item Description Unit weight 
per meter 

Item size 
or volume 

Qty Total weight 
KG 

1 Driven coupling 0 90 mm+ 0 40 mm 50 Kg & 9Kg 0.015 &0.02 1+ 1 0.75 +0.18 

2 032 mm shaft assumed removed 15% volume 6.31 0.85 1.530 8.206 

3 Solid hub 0 8Omm+012Omm 35.5 & 88.8 0.02& 0.015 02 1.42 +2.664 

4 M.S. Angle arms & cross bars 25x25x5mm 2.90x0.6 0.5 & 1.2 8 & 2 7+ 4.176 

5 PVC plates 80mm x 100mm x 10mm 1.5per board 12 + 18 Total =42.4 
with bolts44 Kg 
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Table 10 - 1 
20mm^"^>24mm 

h = 0.9 x shaft d m shaft nominal diameter =24+20 =22mm 
2 

ie h = 2 2 x 0 . 9 = 19.8 mm. 
Nut material is hot forged and grooved . 

Threads of nut will fail only by direct shear. Shaft is not compressed axially. Therefore 

threads do not have compression or bending forces. 

rm=(24+20)/2=l 1mm mean thread height =(24-20)/2=2mm 

M24 thread ,pitch =3mm ref: [ 16] 

p=3mm b=breath at mean diameter = pitch/2 =1.5mm 

L= 2 7t r m n n = least numbers of threads not to shear 

5 y = 2 3 0 N / m m 2 os=0.6 X 6 y Ref [ 101 

as = W but as=0.6 X 230=138 N/mm 2 

b x 2 7t r m n 

Design stress of as = W S.F.=4 
nut thread 4 b x 2 n r m n 

Then 138 = 4 4 x 9 . 8 1 
4 1.5 x 2 7 i x 11 x n 

Required threads n = 0 . 1 2 

But nut height h = 0.9 x d m 

= 0.9 x (24 + 20 ) 
2 

= 19.8 mm 

Actual number of threads = 19.8/pitch =3 

=6.6 > 0.12 required threads satisfied. 
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10.7.1 Design safety for hub bolts - See Fig 10-1 & Fig 10-2 

280 
460 

25X25X5 mm Mild Steel Angle 

W W 

M5X45 4 Nos : S.S, Bolts @ 
P.C.D. 60mm. 

Stainless Steel bolts of S304 

Typical Min Yp=210 N/mm 2 

M5X45 4Nos S.S. Bolts @pcd 100mm P.C.D. 

Considering one arm of out of 4 paddles , weight of the three PVC paddle blades are shared by 
two mild steel frame arms at up and down. 

Assumed that the frame is lifted and not touching the hub surface at the moment of bolts just 
starting to yield . Then the arm is simply supported at hub edge. 

Fl and F2 are the reactions by two bolts inner and outer on arm respectively. 

W = weight shared by upper arm at 200/2 mm ; 560/2 mm ; 920/2 mm Pitch circle radii (PCR) 
from shaft axis respectively. 

PVC blades are fastened to arms. 

Let weights W= 1.5/2=0.75 kg =0.75 x 9.851 N & Reaction at hub edge = R 

Weight of one PVC blade = 1.5 Kg 

^ R i g h t w a r d s moments about hub edge, 

' --F 1(60-30)-- F2(60-50) + W(l00-60) + W(280-60) + W(460-60)=0 

3F1+F2=66W 

Vertical stability of arm assembly -F l - -F2+R= 3W t-
- A 

— B 

Please note that width of blade is 80mm, space between two adjacent blades is 100mm and arm 
length from shaft axis =500mm 

^^loments about right free end of arm. 

„ 4 0 W~(40+100+80) W - ( 8 0 + l 00+80+100+40) W - F 2 ( 5 0 0 ~ 5 0 ) - F 1 (500~30)+R(500-60)=0 

Where 40R=66 W+45F2+47F1 — C 

63 



W=0.75x9.815N 

Substituting W and solving above A ,B ,C equations for F 1 & F 2 , 

Fl= 55.18 N / m m 2 , 

F2=320.053 N/mm 2 

Maximum tensile stress at bolt 2=320.053 Where d= 5 mm bolt diameter 
n d 2 / 4 

Maximum stress 16.30< 500 N/mm 2tensile strength of bolt material therefore satisfied. 

10.7.2 Torque on bolts 

Total numbers of bolts sharing the torque = 2x4 in a hub x 2 (upper & down hubs) =16 

Torque exerted on frames by drag on paddle boards = Torque on shaft 

Assuming only nearest 4 bolts to shaft is taking the torque , total of eight numbers of such 

bolts have in up and down . 

Let shear force for each single bolt=F 

Then T=8F x r 

62.357x 1.5x1000 = 8Fx 30 N/mm 2 

F= 103.92 N 

Working shear stress at single bolt =103.92 
n 5 2 / 4 

=5.29 N/mm 2 

5.3 < 63. N m m 2 minimum shear strength found in S.S. bolts. Satisfied 
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10.8 Bending of angle section arms 

WfRjlOO mm W@2{50mm W@460 

)0mm 

Angle frame is fixed on to hub by bolts. Frame maximum bending stress at P due to blade 

weights. 

BM at P=Wg( 100—60)+Wg(280—60)+ Wg(460—60) where W=0.75 g=9.81 

P=4858.425 Nm. 

Bending formula M = (Ix a) 
Y 

25 
N N 

20 
G2 

IN= 2 n d Moment of plane section. 

y= distance to neutral axis 
a = bending stress. 

I=bdl 
12 

Distance for neutral plane=y 

{(5x25)+(20x5)}y=25/2(5x25)+(20+2.5)(20x5) 

y=l 7 mm 

ln=Inl+ln2 

I n = ( I G + A l h l 2 ) + (IG2+A2h2 2) by parallel axis theorem. 

= 5x25 3 + 25x5(17—12.5) 2 +20x5 3 +20x5(25—17—2.5) 2 

12 12 

rN= 12275 mm 4 

a =4858.425x17 = 6.73 N/mm 2 bending stress . Axial tension of mild steel =0.6 ay=0.6x230 
12275 

6.73<138 N/mm 2 Satisfies . Frame will not fail by bending 

65 



10.9 Strength of steel br idge girders 

Bridge girder section material is grade 43A structural steel BS 4360. 

OR ASTM A36 Structural steel having 

Tensile strength=430 N/mm 2 

Yield Strength =230 N/mm 2 

IMJUmnl 

D=50mm 
• 

n 

1 

Y= 

B=37 mrA 
U 

t=5 mm 

Total weight of the Unit= Paddle wheel +Plates +gear motors 

= 44 + 4 + 5 (assumed) 

= 53 Kg 

Design load=58xl .3=68.9 taken 69 Kg 

Assumed section beams are simply supported. Maximum bending moment is at middle. 

Where Mx=WL/4 

=69x1500x9.815 
4 

= 253963.125 N mm 

Mx= I_g o = working stress. 
y 

1= bd3-h3(b-f) 
12 

1= 27x50 3 —40 3 (37—51 
12 

1=110583.33 mm4 

— D 

-Ref;[13] 

Then from equation D, 253963.125 x 25 = a working stress.=57.41 N/mm for two sections. 
110583.33 

Stress for one channel section=57.41/2=28.70< 165 N/mm 2 Satisfied. 
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10.10 Bear ing selection 

The bearing shall be thrust ball bearing having Life rating= Lio with 100,000 cycles. 

RPM=10 and design to work 25% over safe load. Low clearance and metal seal. 

Shaft size =25 mm. 

« d4 • 

« d M 

Axial load Fa= 44 x 9.815 x 1.25 

= 539.325 N 

Dl 

4 

^ D • 

0 
1 a m -

A(n/1000) z where A = minimum load factor in bearing table 

N = rpm 

Equivalent dynamic load =P=Fa= 539.325 N 

Equivalent static load =Po=Fa Ref.[ 17] SKF Bearing book Pg 317, 318. 

From table A=4.2, 

then F a m = 4 . 2 ( I 0 / 1 0 0 0 ) 2 

F f l m = 4 . 2 x l 0 ' 4 < 539.325 N 

From tables given bearing dimensions for selected shaft diameter =d=25 

D=42 ; H = l l ;C= dynamic load factor =15,900 ;C=static load factor =22800 

Given bearing designation (Number") =51205 

Life rating L10h=lx 10 6 x (C/P) p for ball bearings p=3 
60n 

= 1 x 10 6 x fl 5900V3 

6 0 x 1 0 (539.325) 3 

= 4 2 . 6 x 10 6 hrs. 

Bearing = Thrust ball bearing with bore d=25 mm. No;51106 2Z C3 D=42, H = l l mm 
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10.11 Cost estimate for fabricating paddle wheel assembly and driving unit 

Item Description Unit rate Qty Total cost 

Rs.cts 

l Electrical Motor Induction 0.37Kw 1500 rpm; 3 Ph 10,000.00 01 10,000.00 

2 Gear reducing unit 20,000.00/item 01 20,000.00 

3 PVC pipe 0 200mm x 10mm thick (type 1000) 2800per meter 03 8,100.00 

4 Machining driven coupling with material. 3000.00 per set 01 3000.00 

5 032mm Ni alloy steel shafting blank bar 8000.00/m 1.6 12,800.00 

6 Machining shaft to step diameters, threads &key cuts. 12,000.00/item 01 12,000.00 

7 Material for hubs 150/kg 4 600.00 

8 Machining hubs 2000.00/item 02 4000.00 

9 Angle iron frame 25mmx25mmx5mm 300/m 6.4 1920.00 

10 Bolts stainless steel 08mmx4Omm thread & 30/-per bolt 04 120.00 

05mmx25mm thread (hub &coupling & blade) 
25/-per bolt 52 1120.00 

11 Channel section 50mm x 37 mm x 37mm x5 mm 850/m 4 3400.00 

12 Bottom shaft base plate, guide bushes steel &bronze 3000.00/item 01 3000.00 

13 Bottom anchor bolts 150.00/bolt 04 600.00 

14 Shaft thrust bearing _No;51106 2Z C3 3000.00 01 3000.00 

15 Shaft bearing plate and housing assembly 3000.00 01 3000.00 

16 Gear motor unit mounting bench 
fJZ 

2000.00 01 2000.00 



17 Aluminum chequred plate 8ftx 4ftx l/8inch 15000.00/sheet 1/4 3750.00 

18 Hand rail material GI 0 l"x6m length 2000/length 6 m 2000.00 

19 Anticorrosive paint 2000.00/4 lit 4 lit 2000.00 

Total for material and equipments 96410.00 

20 Electrical Wiring-1/1.13 mm red 

& 7/0.67 Green 

2000/ 100m 

4000/100m 

16m 

6m 

320.00 

240.00 

21 DOL starter 5000.00 01 5000.00 

22 16A;25 ka3 pole MCCB 10,000.00 01 10.000.00 

Total for electrical work IS560.00 

23 Man power cost Welder 800/day 03 2400.00 

24 Electrician 800/day 02 2400.00 

25 Helper 600.00/day 03 1800.00 

Total for man power 6600.00 

Total 115,570.00 

26 Measelanious expenses , Contingencies and transport OH 2 5 % of 

TOTAL 

- 29,642.50 

Grand Total 148,212.50 

ESTIMATE COST Rupees & cents 150,000.00 

Table 10-1 
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CHAPTER 11 

11 COST BENIFIT ANALYSIS 

1. Pugoda water treatment plant operational details from year 2009 reports. 

Pugoda mobile package plant design capacity = 500 m /day a day. 

Storage pumps operating period =10 hrs a day with a capacity 50 m 3/h. 

Pumping capacity = 50x10 = 500 m 3/day. 

Water production, one unit = 1000 liters ( 1 cubic meter) 

2. Average water production cost and revenue. 

Average monthly production cost = SL Rs:500,000.00 

(Including chemicals ,electricity ,maintenance, material, labour wages and over heads) 

Average monthly water production = 17,000 m 3 

Production cost per unit volume = 29.41 SL Rs: per m 3 

By data water consumer data of the Water Supply Scheme average of 70% of 
production volume is consumed by domestic users . Other 30% is consumed by 
commercial users. 

Average domestic user consumes 10 to 20 units per month . 
Average water tariff for this rang = SL Rs:22.50 
Commercial water tariff (flat rate) = SL Rs:65.00 

Average monthly revenue per unit = 17000x0.70 x22.5 + 17000x0.30x65 

17000 

Average monthly revenue per unit = 35.25 SL Rs: per m 3 

Profit from one unit of water production = 5.84 SL Rs: 

Daily profit 
Average daily production = 17000 = 566.66 

30 

Say = 567 m 3 

Therefore average daily profit = 567 x 5.84 

Average daily profit = 3311.28 SL Rs 
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Yearly operational cost for one existing flocculator 

Electrical co s t : 

Flocculators are working twelve hours a day . Motor power is 1.5 KW.(Middle 
speed unit) 

Electrical power unit cost is 9.30 SL Rs: per Kwh (Industrial II Tariff) 

Monthly electrical cost per one flocculator =1.5x9.30x12x30 

= 5022 Rs: — A l 

Repair maintenance . 

One unit is dismantled and repaired in every two months time. 

Material cost for each repair (Bearing, seals, shaft repair) = 10,000.00 

Repair time for dismantling replacing and refitting three days ,three skilled 
technicians. 

Labour charges for one repair (@ 800/= per technician per day ,2 hours O.T, 
traveling) =3x(800+300+250)x3 

=12150 

Transport charges and other over head charges = 4000.0 

Total (Repair + Transport) per repair = 26150.00 

Monthly repair cost = 13075.00 B l 

Average water leak cost 

Measured average of water leak per minute = 0.75 liters 

Water leak cost (@ 29.41 Rs:perm 3 ) = 0.75x(0.001)x60x29.41xl2x30 

Water leak cost per month =476 .44 Rs: — C I 

Revenue loss in down time period 

Water pass through all three flocculators in the plant 

Daily revenue from one flocculator (a) 35.25 per m 3 = 17000 x 35.25 x l 
30 3 

= 6658.33 

Monthly revenue loss from one flocculator (1.5 day down time) =9987.5 Rs -Dl 

Total monthly operational cost for one flocculator (A1+B1+C1+D1)= Rs:28560.94 

Total yearly operational cost for one flocculator = Rs: 342731.28 

Say = Rs: 343,000.00 —X 
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5. Yearly operational cost for proposed flocculator 

Electrical c o s t : 

Motor power is 0.37 KW.( any unit) 

Monthly electrical cost per one flocculator =0.37x9.30x12x30 

= 1238.76 Rs: — A 2 

Repair maintenance . 

Proposed to dismantle one unit for repairs once in every six months time. 

Material cost for each repair ( Bearings and minor adjustments) = 3000.00 

Proposed repair time for dismantling replacing and refitting one day with two 
skilled technicians. 

Labour charges for one repair (@ 800/= per technician per day ,1 hour O.T, 
traveling) =2x(800+l 50+250)xl 

=2400 

Transport charges and other over head charges = 3000.0 

Total (Repair + Transport) per repair = 8400 

Monthly repair cost = 1400 — B 2 

Average water leak cos t . No water leak = 0 — C2 

Revenue loss in down time period 
Water pass through all three flocculators in the plant 
Daily revenue from one flocculator @ 35.25 per m 3 = 17000 x 35.25 x 1 

30 3 
= 6658.33 

Monthly revenue loss from one flocculator (1/6 day down time) =1109.72Rs -Dl 

Total monthly operational cost for one flocculator (A1+B1+C1+D1) = 3748.48 

Total yearly operational cost for one flocculator = Rs: 44981.76 

Say = Rs: 45000.00 - — Y 

6. Annual saving X-Y = Rs 298,000.00 

7. Pay back period = New unit capital cost = 150.000.00 = 0.503 
Annual saving 298,000.00 

Pay back period = Approximately six months 
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CHAPTER 12 

12 CONCLUSION 

All process plants attempt to minimize the number of steps of processing so as to minimize 

the complexity and cost and to increase the plant productivity. In large scale district water 

treatment plants, flocculation process is done in many ways. 

Large scale stationary water treatment plants commonly use hydraulic flocculators. Here they 

utilize cross-flow baffles or 180° turns to provide required turbidity and turbulence. Challenge is 

to get, gentle, uniform mixing that will not sheer flocks. This type is efficient only if the flow is 

relatively constant. These types are suitable for medium to large treatment plants and use the 

gravitational energy to run though the baffles. 

This report discusses many ways of flocculation process done using external energy input. 

Finally it proposes one of the cheapest and easier method to do flocculation in a small scale 

mobile water treatment package plant. This method is used in large scale stationary water 

treatment plants also. 

Limitations of the modifications. 

Not to exceed the present power consumption and no any high cost or complex s t r u c t u r e S ^ e ^ ^ 

to mount the driving mechanism. Sticking the paddle wheel r.p.m.s in the three stages as to 

specified ratios. The ratio of maximum to minimum mixer rotational speeds normally varies 

between 2 and 4. Imparting energy to particle contact movement should be done in a reducing 

velocity gradient. It is practically recommended that velocity gradient is 60/s to 15/s. 

In some high tech automated water treatment plants , speed variable motors with gear reducers 

are used to compensate with the turbidity condition of raw water. Then the costs of the 

equipments are increased. 
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Unique advantage of vertical rotation is the unit can be removed easily for maintenance such as 

cleaning painting or replacing bearings. Small portion of sludge is accumulated at the bottom of 

each tank. If desired, this can be more quickly drained out through side drain valves. 

Accumulated sludge will swept by the rubber flaps fixed to bottom frame to bottom trenches 

which will guide the sludge to drain hole. 

In previous studies it had been notified that larger surface area has a direct relation to the 

increase of flock size . Increasing the surface area should not lead to break the floccs which are 

ready to settle. Paddle wheel diameter shall be 85% of the water depth of basin. This ensures 

complete flocculation. 

Further more, for further research it is recommended to employ another hypothetical system in 

flocculation. Electro magnetically vibration of charged plates in the flocculation tank to give the 

colloids the motive forces. Charged heavy particle will attract to charge plates. Attracted floes on 

to charged plates can be dropped down by removing the charge by switching off power. Plate 

vibration is done according to required energy for particle movement. 
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PROPERTIES OF STEELS.Steel Properties 
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iviiid s t e a l i^Ci.lo'Ai c a r b o n ' ) i s trie m o s t c E m m o n i y u s e d , r e a d i l y w e l d e d c o n s t r u c t i o n m a t e r i a l , a n d h a s 
trie i o l i o w i n g t y p i c a l r n e e n a n i c a i p r o p e r u 

• T e n s i i e s t r e n g t h , 4 3 0 N / m m 2 
• Vield s t r e n g t h . 2 3 0 N / m 2 
• E l o n g a t i o n . 2 0 % 
• T e n s i l e m o d u l u s . 2 1 0 k N / m m 2 
• H a r d n e s s ! 3 0 DF.N 
Mc o n e s t e s i e x c e e d s t i l e tensi le* 

a s ( G r a d e 4 3 A in B S 4 3 6 0 ; w e i a a b i e s tructura l s t e e l ) : 

^ j u s of rn[!d s t e e ] , T h e r e f o r e , ir, a p p l i c a t i o n s in w h i c h rigidity i s a 
l imiting f a c t o r for d e s i g n ( e g. . for s t o r a g e t a n k s a n d d i s t i l la t ion c o l u m n s ) , h i g h - s t r e n g t h s t e e l s h a v e n o 
a d v a n t a g e o v e r aii id i l e e i . S t r e s s c o n c e n t r a t i o n s in inlid s t e e i s t r u c t u r e s a : e r e l i e v e d b y p i a s t i c f low 
a n d a r e n o ' a s crit ical \\\ o t h e r , i e s s - d u c t i i e s i e e i s . 

o w - c a r r j o n p l a t e a n a s h e e t a r e m a d e in t h r e e q u a l i t i e s : fully k i l led with s i l i c o n a n d a l u m i n u m , 
semiKilieo ior oaianced), ana rimmed steel. Ful ly Killed steels are used for pressure vessels. MOM: 
9 e n e r a i - D u r D O s e struaural miid steels are semikilled steels. R i m m i n g steels have minimum amoui 

JS4 

1 ej .'1 ^ 

n t s of 
d e o x i d a t i o n and a r e u s e r ) mainlv a s thin s h a s t for c o n s u m e r a p p l i c a t i o n s . 

st~i?pntr. o f mild s t e e ' c a n b e i m p r o v e d b v a d d i n g s m a l ! a m o u n t s ( n o t e x c e e d i n g 0 . 1 % ) c f n i o b i u m . 
w h i c h perm,i*.'5 t h e m a n u f a c t u r e of s e m i k i l l e d s t e e l s - w i t h y i e l d p o i n t s '-,p t o 2 B 0 M / m m 2 B y i n c r e a s i n g 

3i.ls m a n g a n e s t ? c o n t e n t lc a b o u t ' ^ % _ ^ P y i e l d p o i n t C3n b e i n c r e a s e d tip to ^-00 N / m m 2 . Thi s p r o v i d e s 
[ p o t t e r r e t e n t i o n of s i r e n y t n at e l e v a t e d t e m p e r a t u r e s -and b e t t e r t o u g h n e s s at P , A ; t e m p e r a t u r e s . 

Coiiosion Resistance C o v v L w 'v 
t q u i p m e n t from mild s t e e i u s u a i i y i s s u i t a b l e (or h a n d l i n g o r g a n i c s o l v e n t s , with t h e e x c e p t i o n o f t h o s e 
m a t a r e c h l o r i n a t e d , co i t i a i K a i i n e s o l u t i o n s ( e v e n w h e n c o n c e n t r a t e d ) , su l fur ic a d d at c o n c e n t r a t i o n s 
q r e a t e i t h a n a S % , a n d nitric a c i d at c o n c e n t r a t i o n s g r e a t e r t h a n 6 5 % a t a m b i e n t t e m o e r a t u r e s [ 7 ] , 
Mlid s t e e i s a r e rapid iv c o r r o d e d b v m i n e r a l a c i o s e v e n w h e n t h e v a r e v e r y d i l u t e rpH i e s s t h a n 5 ) . 
H o w p . i t 15 o f t en m o r e e c o n o m i c a l to u s e mi ld s t e e l a n d i n c l u d e a •* s i d e r a b l e c o r r o s i o n a l l o w a n c e 

• ; | / n c i c c r\i \\\c* 2p' r»^r3t!jc: SteSl I S Hot H C C e p t S b l S IP, S i t ' J J " 
; i s in w h i c h m e t a l l i c 

sn . - rsat ic r.ne Dfccuc: :s not permissicie. 

hnp •• v n - * v y v v . pagera nknci. conv mechani cal -engmeeiv mechani cai -engineer-archives/ 42 -PR... 12/14/2009 
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Abstract: 
A flocculator for use in water treatmen^Ji^tjSy^hich comorises a paddle 
wheel disposed in a sedimentation basin. ' i ^ ^ t f e ^ f i S h d e l i J i e i i r b y a plurality 

j _ Cjo{equally spaced semicylindrical paddles which at a^-times-are-fully 
submerged in the water and which are constructed of a relatively thirtsheet 
material that is undulated in a direction perpendicular to the length of the 
paddlej) The paddles extend across the full width of the basin and they are 
secured to rotatably mounted hubs. The^water flow in the basin provides the 
sole source of motive power for rotating-tirwfieel. 
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IJN.S 
dumber 

G 1 0 1 0 0 

O ! ' - ' I 'JC/ 

G 1 0 1 5 0 

V 3 "i 0 ", S O 

G101S0 

G 1 Q 1 3 0 

G 1 0 3 5 0 

G i n ' 

Processing; 
Mcthorf 

Hot Rolled 

Cold D i a w n 

Her Roiled 

Coici D r a w n 

Hot PoMec! 

Coici D r a w n 

Hoc RoliRC! 

W ^ > L « - » U - 'L CI V I J 

D r a w n 8 0 0 F 

D r a w n 1 0 0 0 

D r a w n 1 2 0 0 

r 

Properties of Steel 

Yield Tensile Yield Tensile Elongation Reducfic 
Strength Strength -Strength Strength in 2 in. in Area 

3 1 0 4 0 0 H o t R o l l e c i 

G T Q 4 G 0 G o l d D r a w n 

l-psi 

2 6 

4 4 

2 7 

4 7 

3 2 

5 4 

3 9 

8 1 

6 2 

4 2 

7 1 

kpsi 

47 

5 3 

£0 

6 6 

5 8 

6 4 

r'2 

on 

1 1 0 . 

9 1 

76 

85 

M P a 

179 

3 0 3 

1 8 6 

3 2 4 

2 2 0 

3 7 2 

2 6 3 

4 6 2 

5 5 8 

4 2 7 

2 8 9 

4 8 9 

MPa 

3 2 4 

3 6 5 

2 4 5 

3 R 6 

4 0 0 

4 4 1 

4 9 6 

•j^i i 

7 5 8 

7 1 0 

> 

5 2 7 

•J<. \ 

586 

% 

2 5 

2 0 

:28 

1 8 

2 5 

1 5 

1 8 

A 1 

1 8 

1 8 -

4 0 

5 0 

4 0 

5 0 

40 
4 0 

O C 

51 

5 9 

66 

4 0 

3 5 

1 | K J v u ^ k - /JM^ 
N * 

hrrp: wvvw.engineershancibook.com - Tabids,••steeiprop.hrin i 2'14/2009 
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D r a w n lOOO 
8 6 1 1 3 593 7 7 9 2 3 

G 1 0 6 0 0 H o t R o i l e c ! 4 9 9 0 3 3 8 6 2 0 1 5 3 5 

G l O S p O C o i d D r a w r T J 8 4 " 1 0 0 ^ 5 7 9 68STJ 1 0 3 0 

1 G 0 5 0 0 D r a w n 6 0 0 F 1 8 0 2 2 0 1 2 4 0 1 5 1 6 1 0 3 0 

D r a w n 9 0 0 r 1 3 0 155 8 9 6 1 0 6 8 1 8 5 5 

D r a w n i 2 0 0 
r-
r~ 

8<"> 1 0 5 T O O 2 8 &c 

H o t Roi l ecJ , 

A n n e a l e d 
3 1 1 0 0 6 8 9 *.~> 5 7 

' 3 - 4 1 3 0 0 
H o t R o i l e d , 
A n n e a i e d 

6 0 9 0 4 1 3 6 2 0 3 0 4 5 

G41300 C o l d D r a w n , 
A n n e a l e d 

37 9 8 5 9 9 6 7 5 2 1 

G 4 1 3 0 0 D r a w n 1 0 0 0 
c 1 3 3 •I 4 6 9 1 6 1 0 0 6 •I 7 6 0 

3 4 1 4 0 0 
H o t R o l l e d , 
A n n e a i e d 

6 3 9 0 4 3 4 6 2 0 2 7 5 8 

G 4 1 4 0 0 C o l d D r a w n , 
A n n e a i e d 

90 1 0 2 620 7 0 3 1 8 5 0 

G-<! 1 4 0 0 D r a w n 1 0 0 0 
r 131 1 5 3 903 1 0 5 4 1 6 4 5 

G 4 3 4 0 0 
H o t R o l l e d , 
A n n e a l e d 

6 9 1 0 1 4 7 5 6 9 6 2 1 4 5 

G 4 3 - 4 0 0 
C o l d D r a w n , 
A n n e a l e d 

9 9 1 1 1 6 8 2 7 6 5 1 6 4 2 

G 4 3 4 0 0 D r a w n 6 0 0 F 2 3 4 2 6 0 1 6 1 2 1 7 9 1 1 2 4 3 

G 4 3 4 G C 
D r a w n 1 0 0 0 
r 

1 6 2 1 ? 2 1 1 1 6 1 2 5 4 1 5 4G 

•146200 C a s e 
H a r d e n e d 

8 9 1 2 0 6 1 3 8 2 7 2 2 5 5 

G 4 6 2 0 0 D r a w n 8 0 0 F 9 4 1 3 0 6 M 8 8 9 6 2 3 6 6 

H o t R o i l e d , 
A n n e a i e d 

•55 9 1 U t . .- 0 0 5 3 

G 5 1 5 0 0 
D r a w n 1 0 0 0 

1 3 2 1 5 5 9 0 9 1 0 6 8 1 5 4 4 

' 3 8 7 - 4 0 0 H o t R o i l e d , 
A n n e a i e d 

3 5 4 4 1 6 5 5 2 5 5 5 

• • 2 , 9 7 4 0 0 C o l d D r a w n , 
A n n e a l e d 

: •1 n~ 6 6 1 7 3 7 1 7 48 

D r a w n 1 0 0 0 
F 1 2 9 1 5 2 8 8 9 1 0 4 7 1 5 4 -

H o t R o i l e d , 
A n n e a l e d 

T O 1 1 5 5 3 7 7 9 2 T > — i _ 45 

QQ2SRQ D r a w n 1 0 0 0 
r 1 6 0 1 8 0 1 1 0 2 1 2 4 0 •15 3 2 

iinp:.</www. engineershandboQk.com'"fabies/sieelprop.him 12/14/2009 
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» g$ iviMr« f UMWIU i v i c i n i C o 3 
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Chemical Composition And Mechanical Properties of Steel ( Ind ian Standan 
x IS . lOTio - Specification Of Hal Soiling Slaei Strips For Welded Tubas S ripe 

I • ' CHEMICAL COMPOSITION 
<;% Mas Mn "ft Mas. S% Max. P% Mas. 

• 
n i n n.sn a o s 0.05 

0.SG 0.05 O.OJ 
t in 0. i b i.20 0.05 0.05 

i iv 0.20 1.30 0.05 0.05 
1 V 0.25 •I .30 0.05 0.05 
! typr-MAN|irai d b q d p o t i p s 
1 
i 

S'f'e I '.'T.? ; M i - 1 Mre VS 1 Mi" ; Mpp E! % ( Min Sqrt (So'! 
1 
i • :50 n o 50 

| 330 210 26 

i ill j a | 0 240 25 
i IV > 430 27= 20 
r ~ •„• i d=i<-, | ? i r , 15 

IS 62">0 HR - Sleei Plate, sheet and Coil for LP 
CHcMiCAL COlVirOSiTiOI-i 

••''uiisiHuani | Percent 
jCar'can. Max, j 0.16 
Jf.'iancar.ase. ivlin 0.30 
(Silicon. Max. 0.25 
jSuipnur. (via:<. 0.030 
JPnospnoious. Max. 0.030 
]Aiuminiuni iVlin 0.02 
i MECHANICAL PROPERTIES 
1 PrODoriv Grade ' 
(Tensile Strength Mpa i)sgf/mm') 350 Io 450 I 36 to 46 ) 
fVielti Strength. Moa I Kg/mm'i Min 240 (25) 
lElonqalicn. Min oerceni on quaae length 5.65 O o c 25 
jSer.d t 
lECvi for 2.S0-3.15 mm Ihiekness'i min 13.5 
I' Both ionqlludlnal and transversa directions. 

: mici'ai u , l ; u c liiitLc t o £ d i d d i n d i o i V v. 

j N o m m a i j UpIO 1250 j 
i iiimi j 

A D 0 V 6 1250 

UpIO ii,iC A h o v e 1 « 0 0 

lUP'.o U . i O 1 * U.UO | -
H o o v e o . i i - u . J t o 1 •/- u.ut ) 
t*OOVc U.4U-U.0U i +7- 0.0b . 
i«.ouve 0.60-0.60 1 -H- 0.06 | H- o.o: + / - 0 . 0 8 
Wbove 0.60-1.00 1 -hi- 0.06 1 +/- 0.03 +./- 0.16 
'Abc«e 1.0Q-1.2S 1 0.09 i V- 0.10 + / - 0 . 1 2 
lAhrr'/ft 1 T f . i *5P !. n 11 I +.'. n 4- / - n . i 4 

t + / - 0 . 1 6 

hno: iruimemc.com,recRTc-nempro.PI.nfm 12; 1 4 2 0 0 9 
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Tolerance on Main Of Sheets 
Width of Sheets Toiarance 

U n i o ir-6>1 m m 

Toietapce on Length oi Sheets 
j •.eiigih Tolerance 
| Upio 2000 mm +15 -0 

i Aoove 2000 mm +0.76 % of Ihe length -0 

-

i Chamfer Tolerance For Coils and Cut Lenqth 

i Form 1 Tolerance 

i "' Coil j 20 mm in any 5000 mm length 

i Cut Length 1 0 . 4 % X length 

l 

Tolerance on specified width 

l Upio 1200 Above 1200 - Upto 1500 Above 1500 
|Uplo0.63 15 18 22 
(Above 0.63-1.25 12 15 19 
(Above 1.25 10 12 17 

Special Flatness Tolerance for 
Cut ienaths Roiier Levelled and Stretcher Leveliea 

1 THIflcnp«!« 
| 

| Toierance un specified «idln 
1 THIflcnp«!« 
| | Upto 1200 | Above 1200 Upto 1500 Above 1500 
(Opto U.b3 1 » 1 / 8 
Iaoovb 0.63-1.25 1 5 1 6 7 
(Aoove 1.25 I 4 | 5 6 

IS : 2062 • Specification of Steel for General Structural Purposes 
CHEMICAL COMPOSITION 

| Grade | C% Max. | Mn%Max. | 3% Max. | P% Max. 51% Max. j C.E.% Max. 
1 A I 0.23 | 1.50 I 0.050 I 0.050 0.40 i 0.42 
1 B 1 | I.S0 | 0.045 | 0.045 0.40 i 0.41 
1 C I 0.20 | 1.50 | 0.040 | 0.040 0.40 i 0.39 

^ 6 C H a N t i S A L PROPQRTIES 
1 rtroHo 1 
1 1 

L'TSl'MPai Min. 
| 

E!.% Min. 5.65 Sqrt(So) B9nd 
Tost 

" f A 1 410 250 j / M 0 \ 230 23 •3T 
} ' a i * lO j 250 j I MO I 230 23 2T & 3 r -
% c 1 410 . . 250 j V z i O ^ 230 23 2T 

I • 2 T - <= 25 mm 
j ' 3T • * 1-srnni 1 

t S : - S p e c i f i c a t i o n o f S t i - u c t u r a l S t s a ! f o r S k i p B u i l d i n g 
C H F M I C A l C O M P O S I T I O N > 

1 — 1 .-O,o M a x . ] M n M i 1 S°'o Max.. p<vv, M a x . Si°'''> M a x . AlO/o Min, 

.' ! , - , , . ! * 1 , — , , 0 , 0 4 0 C.01 

• *1 i „ . . . i ~ . . i 0 .04C <J . 1 W U . J J , -

i l l i O . i* j 0 . 7 0 - 1 . 5 i 0 . 0 4 0 0 . 0 4 0 0 . 1 9 - 0 . 5 0 0 . 0 1 5 
I MECHANICAL PROPERiiE5 

1 G r a d e j 'JTS ( M P a ) I 
l i 

V . S . ( M P a ) Min. 
I 1 EI. ' /o Min. 

hrrp: /mdmeinc eonv't ec iv chempropi. htm 12/14/2009 



•.'heniical Composition .And Mechanical Properties of Steel (Indian Standard) Page 3 of 4 

! 1 < 2 5 m m . > 2 5 < 5 0 m m . 5 . 6 5 Sqr t ( S o ) 
i 1 1 400-490 230 220 22 

1 J; 1 ano-SOO 235 235 22 

i TTT 1 d r i n . 4 c n 22 

13 1736 - High Strength Deformed Steel Bars and Wires Tor Concrete Reinforcement 
CHEMICAL COMPOSITION 

4 i 
I Cons t i tuen t 

• 
Percent , M a x i m u m 

SAIL-TMT(Fe 
4 1 5 / F E 

5 0 0 / F e 5 5 0 ) 

j SAIL TMT 
4 1 5 

Fe 4 1 5 SAIL TMT 5 0 0 
Fe 5 0 0 

SAIL TMT 
5 5 0 

Fe 5 0 0 

Carbon 

0.25 
0.30 

0.25 0.30 
0.25 0.30 0.20 

Suipnui 

0.05 
0.06 0.0s 0.055 

0.05 o.oss 0.045 
Phosohorus 

0.05 
0.06 

0.05 0.055 
0.05 0.050 0.045 

Sulphur and 
Phosphorus 

A •< A G •* "* 
c 10 0.1CS C.10 0.10 0.09 

Corrosion 
Resistant 
Elements 

- - - - - - 0.75 min 

Carbon 
Equivalent - - - 0.S3 max 

MECHANICAL PROPERTIES 
Proper ty 1 Grade 

1 
1 Fe 4 1 5 
1 

SAIL TMT 
4 1 5 

Fe 
5 0 0 

S A I L TMT 
5 0 0 

Fe 
5 5 0 

SAIL TMT 
5 5 0 

oroof 
stress/vield 
stress Min 
JN/mm.sq. 

415 415 500 500 550 550 

|Elonoation.percent .Min.on 
bauqe length 
Is. 65 . Square 
|Root(A) where A 
|ls the cross-
feectlcnal area ol 
(the test pieco 

14. S 

22( Up to 
28mm dial 
20 (Above 
28 mm 
dia) 

12 

20(Up to 
28mm dia) 
18 (Above 
26 mm 
dia) 

8 
18(Upto 25 mm dia) 

16(Above 23 mm dia) 

Tensile 
Strength, Min. 

1 0 % more 
than the 
actual 
0 .2% 
proof 
stress but 
not less 
than 4 6 . S 
n / m m . sc., 

10% more 
than the 
actual 
0.2% 
proof 
stress but 
not less 
than 500 
N/mm.sq, 

8% more 
than actual 
0.2% proof 
stress but 
not less 
than 545 
N/mm.sq. 

8% more 
than the 
actual 
0 . 2 % proof 
stress but 
not less 
than 580 
N/mm.sq. 

(Upto 
28mm dia) 

56C 
f l /mm.sq.) 
(above 23 

mm dia) 

6 % more 
than the 
actual 
0 . 2 % proof 
stress but 
not lesrs 
than 58 5 
N/mm.sq. 

(Upto 
28mm dia; 
& 560 
N/mm.sq.) 
(above 28 
mm dia) 

6% more than the actual 
0 .2% proof 
stress but not less than 630 
N/mm.sq. 
(Upto 2 8 m m dia) 

& 610 N/mm.so. 

(above 28 mm dia) 

Upto 2 8 m m dia) & 560 
N/mrn.scj.} 
(above 28 mm dia) 

SPECIFICATION FOR. W I R E R O D S 

jbcructure Quaiicy 

Imp:, m d m e i n c . c o n v T e c l v c h e m p r o p i . h t m 12/14/2009 



B 
-A 

E q u a l A n g l e 

Weigh! T a b l e of jS tee l 

-it 
r. o •'• U n e q u a l Ang le 

S i 2 e ' ( m m ) 

A = B 

4 0 
4 0 
45 
50 
50 
6 0 
6 0 
6 5 
65 
7 0 
75 
7 5 
7 5 
75 
8 0 
9 0 
9 0 
9 0 
9 0 

100 
100 
100 
120 
130 
130 
130 
150 
150 
150 
175 
175 
2 0 0 
200 
200 
250 
2 5 0 

3 
.5 
4 
4 
6 
4 
5 
6 
8 
6 
6 
9 

12 
14 

6 
6 
7 

10 
13 
7 

10 
13 

8 
9 

12 
15 
12 
15 
19 
12 
15 
15 
20 
25 
25 
35 

1 

4 . 5 
4 . 5 
6 . 5 
6 . 5 
6 . 5 
6 . 5 
6 . 5 
8 . 5 
8 . 5 
8 . 5 
8 . 5 
8 . 5 
8 . 5 
8 . 5 
8 . 5 

10 
10 
10 
10 
10 
10 
10 
12 
12 
12 
12 
14 
14 
14 
15 
15 
17 
17 
17 
24 
24 

2 

3 . 

3.? 

3 ; 

4 . 5 

3 , 
3 
4 : 
6 • 
4 
4 
6 6 
6 
4 

5 
5 
7 
7 
5 
7 
7 
5 
6 
8 . ! 
8 . ! 

7 
10 
10 
11 
11 
12 

. ' 2 . 
12 
12 
18 

• Sect . 
D i m . 

' ( c m ? ) 

We igh t 
( k g / m ) 

* ; 2 . 3 3 6 
'. , 3 ; 755 1"T3. 492 
rlX 892 
'; \5.644 
c ; 4 . 692 

<5. 802 
% j 7 . 527 
. . 9 . 7 6 1 

8 . 127] 

8. 727 
12. 69 
1 6 . 5 6 
1 9 . 0 4 

9. 327| 
10. 55 
12. 22 
1 7 / 0 0 
2 1 . 7 1 

.13 . 62 

1 9 . 0 0 
2 4 . 3 1 
18. 76 
2 2 . 7 4 
29 . 76 
36. 75 
34 . 77 
4 2 . 74 
53. 38 
4 0 . 5 2 
5 0 . 2 1 
5 7 . 7 5 
7 6 . 0 0 
9 3 . 7 5 

1 1 9 . 4 
1 6 2 . 6 

Bu lb Plate 

1 .83 

2 . 9 5 r 
: 2.;74 

"• 3. 68 :. 

;*4v55;*;i:: 

5-i91'.H 
•' 7 . 6 6 ;

: 

6 . 3 8 
6. 85 
9 . 9 6 

1 3 . 0 
1 4 , 9 ; 

7 . 32 
V 8.28,1 

9 . 5 9 
1 3 . 3 , : 
1 7 - 0 ; 

. 1 0 . 7 • 
; 1 4 . 9 . 
. 1 9 . 1 

14; 7 
. 1 7 . 9 
23.' 4 
2 8 . 8 
271 3 

' 3 3 : 6 ' 
4 1 . 9 

' 3 1 . 8 : 
3 9 r 4 • 
45; 3 

: 5 9 . 7 . 
7 3 . 6 
9 3 . 7 

128 

Size ( m m ) Sect. 
D i m . 
( c m 1 ) 

U n i t 
We ight 
( k g / m ) < 

A 1 d n r i 

Sect. 
D i m . 
( c m 1 ) 

U n i t 
We ight 
( k g / m ) 

180 9 . 5 23 7 2 2 1 . 0 6 16. 5 
200 10 26. 5 8 2 25 . 23 1 9 . 8 
230 11 30 9 2 3 1 . 9 8 25. 1 
250 12 33 10 2 38. 13 29. 9 

r. Sjze ( m m ) ; S e c t . ' i 
• D i m . 
( c m 5 ) 

, •'..Weight. 

A 8 I ri. ri 

; S e c t . ' i 
• D i m . 
( c m 5 ) 

! ( k g / m ) 

•i 9 0 
1 

75 ?. • ' 8 . 5 6 ; 0 4 , 0 4 ' ! , . 

. i o o . 

' jpO 
: 7 5 7 : l o : •• • 

. i o o . 

' jpO • 75 •• 1 0 ft 7 • 

:, 125 ' 7 5 7 . .. 1 0 5 5 1 3 / 6 2 
• •> • •" • 'J v.. • * 

. ; ;JjO;y-":. :. ' • 

125 ' 1 : 7 5 1 0 . , 1 0 7 

( 2 5 . 75 . 1 0 . ; 7 

; 125 ; . 9 0 ; 1 0 :> 7 

" 20 . 50 r 125 90 13 "io 7 2 6 : 2 6 ° » 2 0 : 6 

150 . 90 9 ? 2 ' 6 20 . 94 1 6 : 4 

150 9 0 1 2 . .12 8 . 5 2 7 . 3 6 21=5 

150 100 9; 12 = 6 2 i ; 8 4 17. 1 

• 1 5 0 100 12 12 8 . 5 28 . '56 : ' 2 2 . 4 

150 100 15 V 1 2 ' , M :• ff. 25 £ ' ;.27Jv7.,: 

; 
H a l f R o u n d 

•. •••• . \ 

. • :<>? " 

Size 
( m m ) 

7 X 26 

; 8 . 5 X 3 0 

'I 1 0 x 3 4 ' 

;' 1 1 X 3 6 

3 0 . 0 x 6 0 

3 7 . 5 X 7 5 

We igh t (kg) 

l l 

1 . 0 1 

1 , 4 1 

.1.901 
2 . 2 1 

1 1 . 1 

17. 3 

4 : 5 m 5 . 0 

. ;<4: 54 

. 6. 34 

% 55 

9 . 9 4 

5 0 . 0 

7 7 , 3 

5 . 0 5 

7 . 0 5 

9 . 50 

1 1 . 0 

5 5 . 5 

8 6 . 5 

5. 5m 

7. 76 

10. ,4̂  

I 2 ; & . . 

6 1 . 0 

9 5 . 2 

6, Pm.. 

.6.-p6 

l i ; ? . 

66.6 

104 

•IS 

:| 9.46 

•j>. 
4 

H i 4 . 1 • 
7 2 : 2 

112 

1 • t i 

S B " 
U n e q u a l Leg and 
U n e q u a i Thlcknoss Ang lo 

Size ( m m ) " Soct . 
Dim.. 
(om 1) 

W o l g h t 
(kg / rn ) 

A 8 u r i r i 

Soct . 
Dim.. 
(om 1) 

W o l g h t 
(kg / rn ) 

2 0 0 ' 9 0 9 J4 14 7 29 . 66 2 3 . 3 

2 5 0 9 0 10 15 17 8 . 5 37..H7 '29. 4 

250 90 12 16 17 8 . 5 4 2 . 93 3 3 . 7 

300 90 11 16 19 9. 5 4 6 . 22 36 . 3 

300 90 13 17 19 9 . 5 ,52. 67 4 1 . 3 

4 0 0 100 13 18 24 12 6 8 . 59 9 3 . 8 
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Margin of safety: 
Margin of safety = n - 1, where n - factor of safety 
e.g.: when factor of safety = 1.75, Margin of safety = 0.75 (or 75%) 
When margin of safety is reduced to zero or less, the machine dement (presumably) will fail. 

Selection of Factor of Safety 

After g o i n g a s far a s practical in determining the strength of 
m a c h i n e c o m p o n e n t s and the detai ls of the loading to which it will 
b e s u b j e c t e d , t h e r e a l w a y s remains s o m e margin of uncertainty 
that m u s t b e c o v e r e d by a safety f a c t o n T h e part must b e d e s i g n e d 
to withstand a ' d e s i g n over load' s o m e w h a t larger than the normally 
e x p e c t e d load. In t h e last ana lys i s , se lec t ion of safety factor c o m e s 
d o w n to e n g i n e e r i n g j u d g e m e n t b a s e d on exper ience . S o m e t i m e s 
t h e s e s e l e c t i o n s a r e formal ised into d e s i g n c o d e s covering spec i f i c 
s i tuat ions - for e x a m p l e , the ASME P r e s s u r e V e s s e l C o d e s . 

Factors to b e c o n s i d e r e d in se lect ing a safety factor: 

. actual load shoving 
£ statistical variations 
c about nominal value 

many failures indicated 
by. large area of overlap 

maximum load 

S load 

(A) nominal actual load, F j?max' nominal 
max load 

some but acceptably fev failures due to 
separation of F m a x ( l a r g e safety factor) 

6*-

1. 
2. 
3. 

^ n 1. D e g r e e of uncertainty about loading 
° D e g r e e of uncertainty about material strength -

U n c e r t a i n t i e s , in relating applied l o a d s to material 
s trength via s t r e s s analys i s 
C o n s e q u e n c e of failure - h u m a n safety and e c o n o m i c s 

5. C o s t o f providing a large sa fe ty factor 
W h e n an a s s e m b l a g e of c o m p o n e n t s is subjected to a s ingle load, 
the ' a s s e m b l y ' s s a f e t y factor is the smal l e s t of the c o m p o n e n t 
sa fe ty factors - 'a chain is only as strong as Hs weakest link'. If a 

^ - • j c d m p o n e n t or a n a s s e m b l a g e is subjec ted to a number of different 
- V s i m u l t a n e o u s l o a d s , t h e n the c o n c e p t of a s ingle safety factor m a y 

M s e inappropriate - but n e v e r t h e l e s s all potential failure m e c h a n i s m s 
m u s t . b e i n v e s t i g a t e d w h e n deciding whether an implement is s a f e 
to u s e or n o t 

n = 2.25 

some but acceptably 
fev fai lures due to 
reduced variabi l i ty of f\ 
both actual and 
maximum loads 
(small safety factor) 

(C) 
n = 1.25 

Table 1 Factors used to determine a safety factor for ductile materials 

Information Quality of .Information • 
i 1_ 

Factor 
• i 1 Material-property dala ava'lable from 

tests 
fThe actual material gsed w a s tested — 

Representative material test data are available 
t.3 h 
2 

Material-property dala ava'lable from 
tests 

Fairly representative material test data are ava'lable 3 

Material-property dala ava'lable from 
tests 

Poorly representative material test data are available 5+ 
Environmental conditions in which it will 
b e used 

Are identical o material test conditions 1.3 Environmental conditions in which it will 
b e used Essentially room-ambient environment 2 

Environmental conditions in which it will 
b e used 

Moderately challenging environment 3 ~ 

Environmental conditions in which it will 
b e used 

Extremely challenging environment 
Analytical models for loading and 
stress 

Models have been tested aqainst experiments T.2 Analytical models for loading and 
stress Models accurately represent system 2 
Analytical models for loading and 
stress 

Models approximately represent system ' 3 L 

Analytical models for loading and 
stress 

Models are crude approximations (5+ I 
Allowable Stress (Working Stress) 

It is very rare that in practice, m a c h i n e e l e m e n t s are subjec ted to direct s t r e s s a l o n e . Very often w e g e t the situation of direct 
s t r e s s e s c o m b i n e d with s h e a r s t r e s s . T h e s e situations are c o n s i d e r e d a s follows: 
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fcrctkin 
AicaorScclbrt 

A 
UfcJoncc from Neutral Moment of taenia. 

/ 

Section Modulus, 
Z = / / v 

Radius of GynUion.; 

t o JJTa 
C-S<xtloru 

1 H - 6 - H 

— 

3 

, ... , r — > - r t j 

i t fa-1 

at* an +«) 

j = jfope ofnange 
'. 6 - 7 
" I rTTT) 

ef. 

5 . 

o = slope ofnange 

Tor standard channel*. 

- « * ( * -? ) • 
£.=slop* of flange 

Tor stand an) rbanaeL*. 

4(1.-T)= 

f t 2 l i i / - * ( / . - i ) ) 

r-SccUoas 

If1 

i l V 

« 2 o - 0 2T2A^J) 

^ 

«C2a-0 2(ia-rtcos4Ja 

to Whfci&'=fc-i) 
J 

12i|A.i<.,-.)l 

t 
/ 
/ 

i 

--br 
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H a n d b o o k 1 8 : 1 9 7 2 
S e c t i o n 1 . Genera l (BS 4235 : Par t 1) 

Tab le 1 . D i m e n s i o n s and t o l e r a n c e s o f k o y w a y s f o r square para l le l keys 

r 
h 

S e c t i o n X - X • > - x - N ' • 
r E n l a r g e d d e t a i l 

o l k e y a n d k e y w a y s 

All dimensions arc in mill imetres. 

Shaft 

nominal 
diameter 
(see No(e) 
d 

10 

12 

17 

Incl. 

10 

12 

17 

22 

Key 
(see Note) 

section 
o x / , 
width 
x 

thickness 

2 x 2 
3 x 3 

4 x 4 

5 x 5 

6 x 6 

10 l l 12 13 14 IS 

Keywgy 

«idtfj 
b 

tolerance for class of fit 

2 
3 -

5 

6 

free 

shaft 
(H9) 

+ 0.025 
0 ' 

+0.030 
0 

bub 
CDtO) 

+0.060 
+ 0.020 

+0.078 
+ 0.030 

normal 

shaft 
(N9) 

-0.004 
-0.029 

0 
-0.030 

hub 
(J . 9 ) ' 

+0.012 
-0.012 

+0.015 
0.015 

close 

shaft 
and 
bub 
(P9) 

-0.006 
-0.031 

-0 .012 
0.042 

depth 

shaft 11 

1.2 
1.8 

2.5 

3 

3.5 

tol. 

+0.1 
0 

hub r-

1 

1.4 

1.8 
2.3 

2.8 

tol. 

+0.1 
0 

radius 
r 

0.16 
0.16 

0.16 

0.25 

0.52 

0.08 
0".08 

0.08 

0.16 

0.16 

N O T P Thr ,r ^ S
 " f 1 U 0 ' C d

 f r ° m B S 4 5 ° ° ' ' I S 0 l i m i , s n n d f l , s ' ( ^ . S e c t i o n 2). to three sigr^cW figures, 
w i o n i il ' ' . T W " ? , 5 1 1 , d , : , m c l c r a n d k e * s c c , i o n Sivcn above are for general applications. The use o f s m a l l e r key 
r T r c x a ^ n l e ^ o T i ^ r / w C t0/qUC t r a n s m " , , c d - I n c a s « s u c h a s s « P f * < i shafts when larger diameters arc required, 
tonofTev in « £ r ^ 3 n d w

L

h c " f a " s ' S«»» "nd impellers are fitted with a smaller key than normal, an unequal disposi-
Ihc A/5 rSal"on,hipW

 • ° ' ° ' T h c n ( o r c - d i ™ ™ " ° n s d - t, and </ + t 2 should be recalculated to , 
Tlic use of larger key sections is not permitted. 

maintain 

C - 5 



H a n d b o o k 18 : 1 9 7 2 
S e c t i o n ! . Genera l ( B S 4 2 3 5 : Par t 1) 

Table.3. D i m e n s i o n s and t o l e r a n c e s o f k e y w a y s f o r r e c t a n g u l a r pa ra l l e l keys 

'//////, 

All dimensions arc in millimetres. 

I 2 

Shaft 

nominal 
diameter 
d 
(sec Note) ' 

22 
30 

38 
44 
50 
58 

65 
75 
85 
95 

H O 

130 
150 
170 
200 

230 
260 
290 
330 

380 
440 

incl 

30 
3S 

44 
50 
58 
65 

75 
S5 
95 
110 

130 

150 
170 
200 
230 

260 
290 
330 

Key 
(sec Note) 

section 
b X h 
width 
X 
thickness 

8x7 
10 xS 

12x8 
14x9 
16x10 
18x11 

20x 12 
22x 14 
25x 14 
28x 16 

32x 18 
• 

36x20 
40x22 
45x25 
50x28 

56x32 
63x32 
70x36 

- - s-s/sy •'////////. 

E n l a r g e d d e t a i l 
of k e y and k e y w a y s 

Key-way 
I 7 I 8 \ f % l Mf&J* I U | 12 | 13 "| i„ | 1 5 

width 
b 

tolcmocc for das-; of lit Ijrc 

10 

12 
14 
16 
18 

380 I 80x40 

440 
500 

90x45 
100x50 

20 
22 
25 
28 

32 
36 
40 
45 
50 

56 
63 
70 
80 

90 
100 

slu-.ft 
( i t s ) 

+0.036 
0 

+0.043 
0 

+ 0.052 
0 

+0.062 
0 

0.074 
0 

0.087 
0 

bub 
(D10) 

+ 0.09S 
+ 0.040 

nonnul 

shaft 
(N9) 

hub 

0 
-0.036 

+0.120 
+0.050 

0 
-0.043 

+ 0.149 
+0.065 

0 
-0.052 

+0.180 
f0.080 

0.220 
+ 0.100 

0.260 
+ 0.120 

0 
-0.062 

0 
-0.074 

0 
•0.087 

+ 0.018 
-0.018 

+0.021 
-0.021 

+0.026 
-0.026 

+0.031 
-0.031 

+0.037 
-0.037 

+ 0.043 
0.043 

close shaft and huh 
(P9) 

0.015 
—0.051 

-0.018 
-0.061 

0.022 
-0.074 

-0.026 
0.088 

-0 .032 
-0.106 

0.037 
0.124 

depth 
sluift r. 

4 
5 

5 
5.5 
6 
7 

7.5 
9 
9 

10 

11 
1.2 
13 
15 
17 

20 
20 

25 

28 
31 

tol. 

+ 0.2 
0 

+0.3 
0 

hub 12 

3.3 
3.3 

3.3 
3.8 
4.3 
4.4 

4.9 
5.4 
5.4 
6.4 

7.4 

8.4 
9.4 
10.4 
11.4 

12.4 
12.4 
14.4 
15.4 

17.4 
19.5 

tol. 

+ 0.2 
0 

radiuv 
r 

+ 0.3 
0 

0.25 
0.40 

0.40 
0.40 
0.40 
0.40 

0.60 
0.60 
0.60 
0.60 

0.60 

1.00 
1.00 
1.00 
1.00 

1.60 
1.60| 
1.60 
2.50 

2.50 
2.50 

N O T E ' T I I C r c f a i f d r ^ "? f r 0 m B S 4 5 0 0 '° , h r C C s i e n i f , c a n t fi8ures. ' ! = ~ 
sections ^ S ^ S X S ^ L V

 k C y r iT BiVCn
 f 0 f E C n C r a ' « P P « ° " ' o n , . The use of sa­

fer example to resist bcnZ? and L „ * «"»"» '" .« ' • >" cases such as stepped shafts when larger diameters i ' , ' 
•ion of key in sha^t whhretaSon ,oTh h l™' g 'T^" W ^ w S , h * S m a l l c r k c * , h a n n o r m a l - »•> up- ' 
•he hp. re lat ionship* b r K U " S - T h c r c r ° r c ' dimensions d - t, and d + h should be recale- -

Thr. 1 1 C/* rtf 1-> rn.r I. • 

0.16 
0.25 

0.25 
0.25 
0,25 
0.25 

0.40 
0.40 
0.40 
0.40 

0.40 

0.70 . 
0.70 
0.70 
0.70 

1.20 
1.20 
1.20 
2.00 

2.00 
2.00 

the )i/2 relationship'. 
The use of larger key sections is not permitted 



E»7 
Thrust ball bearings 
single direction 
d 10-45 mm 

i 

• d, 

- d • 

!*&'2_ 

I 
r ' L 

n 
D 

if 

Principal 
d imensions 

Basic load ratings 
dynamic static 

Min imum Limiting speeds Mass 
load- Lubrication 

Designation 

factor grease oil 
a D H C Co A 

grease 

m m N - r/min kg -

10 24 9 8 710 8 800 0.63 7 000 9 500 0.020 51100 
26 11 10 800 10 600 0.92 6 000 8 000 0,028 51200 

12 26 9 9 040 10 000 0,82 6 700 9 000 0,022 51101 
28 11 11 200 12 200 1.2 6 000 8 000 0,032 51201 

IS 28 9 9 360 11 200 1 6 300 8 500 0,023 51102 
32 12 13 800 16 000 2.1 5 300 7 000 0.044 51202 

17 30 9 9 750 12 200 1.2 6 300 8 500 0,025 51103 
35 12 14 300 17 600 2,5 5 000 6 700 0,051 51203 

20 35 10 . 12 700 16 600 2,2 5 600 7 500 0,038 51104 
40 14 19 900 25 000 5.1 4 500 6 000 0.078 51204 

25 11 15 900 22 800 4.2 4 800 6 300 0.056 s u n s 
15 24 700 34 000 9.4 4 000 5 300 0.11 51205 

52 18 33 800 44 000 16 3 400 4 500 0,17 51305 
60 24 .55 300 71 000 41 2 600 3 600 0.34 51405 

30 47 11 16 800 26 500 5,7 4 500 6 000 0.063 51106 
52 16 25 500 37 500 11 3 600 4 800 0.14 51206 
60 21 40 300 57 000 27 2 600 3 800 0,26 51306 
70 28 67 600 90 000 66 2 000 3 000 0.52 51406 

35 52 12 17 400 30 000 ' 7.3 4 300 5 600 ' 0.080 51107 
62 18 35 100 53 000 23 3 000 4 000 0,22 51207 
68 24 49 400 69 500 39 2 400 3 400 0,38 51307 
80 32 80 600 112 000 100 1 800 2 600 0.76 51407 • 

40 60 13 23 400 40 000 '13 3 800 5 000 0,12 51108 
68 19 39 700 64 000 33 2 800 3 800 0.26 51208 
78 26 65 000 98 000 78 2 000 3 000 0,53 51308 
90 36 104 000 146 000 170 1 700 2 400 1.10 51408 

45 65 14 24 200 45 000 17 3 400 4 500 0.14 51109 
73 20 41 000 68 000 38 2 600 3 600 0.31 51209 
85 28 71 500 110 000 99 1 900 2 800 0.67 51309 
100 39 121 000 173 000 240 1 600 2 200 1.40 51409 

Dimensions 

d d , D, n .2 
min 

Abutment and fillet 
d imens ions 

da 
min 

Da 
max 

10 24 
26 

11 
12 

0.3 
0.6 

19 
20 

15 
16 

0.3 
0,6 

12 2c 
28 

13 
14 

0.3 
0.6 

21 
•22 

17 
18 

0.3 
0.6 

15 28 
32 

16 
;7 

0,3 
0,6 

23 
?r. 

20 
22 

0,3 
0,6 

17 •;0 
35 

18 
19 . 

0,3 
0.6 

25 
28 

22 
24 

0,3 
0.6 

20 35 
40 

21 
2 2 

0.3 
0.6 

29 
32 

26 
28 

0,3 
0.6 

25 42 
47 
5 2 
6 0 

26 
27 
27 
27 

0.6 
0.6 
1 
1 

35 
38 
41 
46 

• 1 

3 2 
34 
36 
39 

0,6 
0,6 
1 
1 

30 47 
52 
60 
70 

32 
32 
32 
32 

0,6 
0.6 
1 

• 1 

40 
43 
48 
54 

37 
39 
42 
46 

0.6 
0,6 
1 
1 

35 52 
62 
68 
8 0 

37 
37 
37 
37 

0,6 
1 

1.1 

45 
51 
55 
62 

42 
46 
48 
53 

0.6 
I 
1 
1 

40 80 
68 
78 
90 

42 
42 
4 2 
42 

0,6 
1 
1 
1.1 

52 
57 
63 
70 

48 
51 
55 
6 0 

0,6 
1 
1 
1 

45 65 
73 
85 
100 

47 
47 
47 
47 

0.6 
1 
1 
1.1 

57 
6 2 
69 
76 

53 
56 
61 
67 

0.6 
1 
1 
1 




