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Abstract

Hemispherical dished end by fully machining from hollow forging instead of conventional process like hot forming, cold
forming, deep drawing, flanging and dishing. For bulk and mass production of dished ends conventional method used.
But for each and every dished end with different material and different size we go for fully machining from hollow
forging material. Economically, cycle time and equivalent strength to compare to conventional method.
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1. Introduction

Nowadays, there are hundreds of manufacturers of tanks, silos, pressure vessels, truck tanks, and metal rolls
components around the world. Nearly all these companies need to produce or source dished ends of various types, sizes,
and specifications to finalize their products.

However, an essential part, the dished end, is manufactured by a reduced number of suppliers and therefore dished end
production has become a very profitable business and a craft that companies are carrying on and preserving generation
after generation.

Several types and different sizes of dished ends needed in the industry today are produced using different methods each
with a different level of complexity. These methods include hot and cold forming, deep drawing, spinning, as well as the
forming of heads in crown and petal segments and also dishing and flanging.

Dished end manufactured by fully machining from the hollow forging is one of the technique. which one is fully different
from conventional techniques.

Dished end manufactured from forming method requires bullet and ring for each and every size of the dished end. both
hot forming and cold forming. If the requirement of dished ends are huge numbers in same size, we go for conventional
methods.
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Figure 1 Types of dished ends
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Figure 2 Types of dished ends
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3. Problem Identification

Manufacturing dished ends from different size and different material very costly in existing manufacturing methods.

Here we take with hot forming method. In this method consist of raw material preparation, heating cycle for pressing,
bullet and ring for inner profile and outer profile control, heat treatment cycle, shot blasting operation and finally edge
preparation for welding.

Huge amount of costs for each and every activity .it also high capital cost for bullet and outer ring while pressing hot
forming method for this problem we go for alternative method of manufacturing. Dished end manufacturing in different
sizes with different materials (SA105, F22, F91) we go for manufacturing dished ends by machining from hollow forging.

4. Methodology & Flow chart

4.1. Flow chart for hot forming method dished end manufacturing

BULLET AND RING TOOL FOR PRESSING

HEATING OF RAW MATERIAL PLATE 890 DEGREE CELCIUS

PRESSING WITH 2000 TON PRESS

HEAT TREATMENT NORMALIZING

SHOT BLSTING FOR SCALE REMOVING

RAW FORMING INSPECTION

ID PROFILE MACHINING

OD PROFILE MACHINING

SUPPORT PIPE MACHINING

EP MACHMING

Figure3 Flow chart for hot forming process
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4.2. FLOW CHART FOR MANUFACTURING OF FULLY MACHINING METHOD

RAW MATERIAL HOLLOW FORGING

PRE-DRILLING OPERATION RADIAL DRILLING MACHINE

PRE-BORING OPERATION VERTICAL LATHE CONVENTIONAL

|D' PROFILE MACHINING CNC VERTICAL LATHE

OD PROFILE MACHINING VERTICAL CNC LATHE

SUPPORT PIPE MACHINING

EP MACHINING AT CNC VERTICAL LATHE

Figure 4 Flow chart for fully machining
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5. Design criteria / Material Details

5.1. Raw material Test certificate for SA515 GR70
Table 1 Raw material details for SA515 GR 70
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5.2. Raw material Test certificate for SA105
Table 2 Raw material details for SA105
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5.3. Raw material shape for both SA105and SA515GR70

Materials used for dished end manufacturing are Aluminium, carbon steel, stainless steel, mild steel, alloy steel and
nickel alloys.

Carbon steel:SA105 GRC, SA516GR70, SA299, SA515GR70
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ALLOY STEEL : SA183F12, SA183F22, SA183F91
Both manufacturing methods Hot forming and fully machining materials used are not same.

5.3.1. Difference in raw material

Hot forming method: Plate prepared for dished end manufacturing

Fully machining process: hollow forging material used.

: d |

/'

D

Figure 5 Raw material preparation for hot forming

5.4. Raw material for hot forming method

D-diameter of the blank for outer diameter of the dished end
d-diameter of the inner profile
T-thickness of the dished end to be formed

5.4.1. Raw material for fully machining method

Figure 6 Raw material preparation diagram for hollow forging
D-diameter of the outer profile of dished end with stock
D-diameter of the inner profile of the dished end with stock

L-total length of the dished end with stock
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5.5. Cost for forming process

Table3 Cost calculation for hot forming method

Material cost for hot forming from raw material to final product Costin rupees
Raw material cost from vendor 600000
Bullet and ring for pressing raw material 150000
Bullet and ring machining cost 50000
Raw material preparation cost (from rectangular plate to round size plate) 15000
Heating of plate at LPG furnace cost 150000
Pressing at 2000ton press cost 20000
Heat treatment cost at 150 ton press (normalizing) 150000
Shot blasting for de-scaling the slag during normalizing cost 20000
Total cost 1155000

5.6. Cost for machining method

Table 4 Cost calculation for fully machining

Material cost for fully machining method from hollow forging

Cost in rupees

Raw material cost

From scrap Haridwar forged unit

Pre-drill cost

10000

Pre-boring cost 5000
Rough boring operation for id profile cost 50000
Final id profile on CNC vertical lathe cost 50000
0d final profile on CNC vertical lathe cost 10000
Support pipe machining cost 1500
Ep preparation at CNC vertical lathe cost 20000
146500

5.7. Cycle time for hot forming method

Table 5 Time calculation for hot forming method

Hot forming method Hours
Raw material prpeparation (gas cutting,machining) 16
Bullet preparation 56
Ring preparation 56
Heating cycle at at 50 ton Ipg furnace 890 dergee celcius 8
Bullet and ring setting at2000 ton press 8
Pressing at 2000 ton press 8

Heat treatment normalizing at 150 ton furnace 16
Shot blasting operation id and od 8

Raw material inspection 8
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Id profile machining(job setting,programming,machining)

48

0d profile machining(job setting,programming,machining)

16

Support pipe machining

Edge preparation machining

Total cycle time

264

5.8. Cycle time for fully machining method

Table 6 Time calculation for fully machining

Fully machining method cycle time

Hours

Pre-drilling at radial drilling machine (HSS drill bit) DIA 63mm

16

Pre-boring at radial drilling machine (HSS drill bit)DIA 101mm

16

Pre-boring operation at vertical conventional lathewith carbide tip | 56

Id profile machining at CNC vertical lathe 32
0d profile machining at CNC verticla lathe 16
Support pipe machining 8
Edge preparation at CNC vertical lathe 8
Total hours 152
6. Experimental Details
Table 7 Comparison various strength hot forming vs fully machining
Comparison of hot forming vs | Hot forming Machining
machining of dished ends
Raw material stage Normalized fully killed Normalized fully killed
Ultimate tensile strength 540n/mm square 504n/mm square
% of elongation 32 30
Manufacturing method Rolled Forging open die
Ultimate tensile strength Test piece under lab test since after | 504n/mm square since after
forming normalizing done 540 n/mm | machining no heat treatment
square required

870




International Journal of Science and Research Archive, 2023, 08(01), 861-874

7. Hemispherical Dished End cover
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Raw material hollow forging PRE-DRILLING HOLLOW FORGING ~ PRE-BORING OPERATION
HOLLOW FORGING

-

ID OD FINISHING CNC VERTICAL  SUPPORT PIPE MACHINING FOR
LATHE EP

Figure 8 Hollow forging machining Sequences

1D PROFILE OPERATION HOLLOW FORGING 0D PROFILE MACHINING

Figure 9 Photos for machining hollow forging
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Raw material plate after heating

dished end after hot forming

Plates are loaded into furnace and heated to temperature
ranging

» from 870-900 deg C in case of SA299 and 870-500 deg C »n
» case of SAS15 Gr70

» Soaking time=1.25mins/mm

» ROM for hot working/normalizing:

» For t <= 100mm, 200deg C/hr

» For t > 100mm, 150deg C/hr

‘ QC checks the soaking time and temperature of heat
| treatment cycle.
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Figure 10 Photos for hot forming Process

8. Conclusion
Comparison of hot forming and machining method of dished end forming we conclude that machining for dished end of

various sizes can be better than hot forming process, since comparison of cycle time for manufacturing and also cost

comparison shows the difference for individual dimension of dished end forming. For strength wise there is no big
different.

Future scope

Future scope for individual dished end manufacturing would be better in fully machined process.
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