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Trai ni ng Obj ective

After watching this video and reviewing the printed material, the
student/trainee will becone famliar with the principles of forging and its
pl ace i n manufacturing.

The basics of forging technol ogy are expl ai ned.
Open and cl osed die forging nethods are detail ed.
Hot die technol ogy is discussed.

The use of conputers in forging is presented.

Forging is the controlled deformation of metal into a specific shape by
conpressive forces. The forging process goes back to 8000 B.C. and evol ved
fromthe nmanual art of sinple blacksmthing. Then as now, a series of
conpressi ve hamer blows perforns the shaping or forging of the part. Modern
forgi ng uses machi ne driven inpact hamrers or presses which deformthe

wor kpi ece by controlled pressure.

The forging process is superior to casting in that the parts fornmed have
denser nicrostructures, nore defined grain patterns, and | ess porosity,
maki ng such parts nuch stronger than a casting. All netals and alloys are
forgeabl e, but each will have a forgeability rating fromhigh to | ow or poor
The factors involved are the material’s conposition, crystal structure and
mechani cal properties all considered within a tenperature range. The wi der
the tenperature range, the higher the forgeability rating. Most forging is
done on heated workpieces. “Cold forging” can occur at roomtenperatures. The
nost forgeable materials are alum num copper, and magnesium Lower ratings
are applied to the various steels, nickel, and titaniumalloys. Hot forging
tenperatures range from93°C (200°F) to 1650° C (3000°F) for refractory
net al s.

Types of Forgi ng

The two basic types are open-die forging and inpression or closed die

form ng. Additional variations include seam ess ring forging, hot-die
forging, and isothermal forging. Open-die forging is perfornmed on ingots,
billets, or a pre-fornmed shape. There is little restriction to nmetal flow and
as the repeated hanmmer bl ows reduce the cross section of the workpiece, its

| ength can increase. Upsetting and bul ging are other results in open die
forging. Bulging will of course reduce the piece’'s I ength. Lengthening and
upsetting are done as the piece is incrementally rotated on its |ongitudina
axi s and advanced | engthwi se through the die. There is basically no linmt to
the size of a forging nade with the open-di e nethod. However, nobst work will
requi re extensive nachining to achieve their shape or net shape. Open forge
di e shapes are usually flat, V-shape, or sem -rounds. Di e accessories include
saddl es, bl ocks, rings, nmandrels, and punches. Al these are commonly made of
hot -work tool steels or nedium carbon steels. During forging graphite based

| ubricants are used

As the work done in open forging is usually |large and cunbersonme, heavy duty

and often nmechanically powered material handling equi pnent is needed such as
cranes, fork lifts, and various rotating devices.
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Closed die or inpression forging is done in one or in a series of die

i npressions or die cavities. These dies are often heated to maintain proper
forging tenperatures. This type of forging is often done in heavy presses as
well as with hanmmers.

Wor kpi eces may be round or rectangular in cross section, or flat discs.

Si nmpl e shapes may be forged in a single stroke while nmore conplicated pieces
may pass through several strokes and die cavities before achieving their
final form During the final forging, a thin layer of netal, called the
“flash” will flow out between the dies. This flash is subsequently renoved
manual |y or by special trinming dies. Wth a carefully controlled pre-form
size and shape, flashless forging is possible. As in open die forging,
graphite lubricants are used. Water or oil based, such |ubricants enhance
metal flow, mininmze die wear, retard heat |loss, and aid in releasing the
work fromthe die. The final forged part is nuch closer to net shape than
with open-die forging and is of higher quality, both dinensionally and
nmetal lurgically.

Seam ess ring forging is the circunferential expansion and cross section of a
centrally pierced, disk shaped workpiece. Both exterior and interior profiles
can be obtained on the ring rolling machi ne which consists of a mandrel or
undriven wheel and a driven outer wheel. As the distance between the rollers
and nmandrel closes, the forging action takes place. Products produced include
gear bl anks, bearing races, valve bodies, wheels, and turbine conponents.

Hot die and isothermal forging utilize heated dies to maintain forging
tenperatures in the workpiece. Wiile hot die forging nmaintains tenperatures
bel ow t he workpiece’s forging tenperatures, isothermal forging maintains
tenperatures at actual forging heat. These types of forging are used on

al um num and copper alloys and others with a narrow forging tenperature
range. Products produced are nore precise in dinension and geonetry, can be
nore conpl ex in design, and have a snoot her surface finish.

Conput ers have becone critically inportant in forging operations. Die designs
can be quickly devised. The conputer is used to arrive at optinum forging
sequences based on size and part geonetry. Conputer controlled forging
systenms are virtually fully automatic, thus reducing | abor costs and scrap
whi | e increasing productivity and quality.
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Revi ew Questi ons

1. Forging as a process is closely related to:
a. wel ding
b. machi ni ng
c. casting
d. bl acksm thing

2. Wiile cold forging is done at roomtenperatures, hot forging occurs at:
a. 100 to 500 degrees
b. 500 to 1000 degrees
c. 1000 to 2000 degrees
d. 200 to 3000 degrees

3. Metal flowin open-die forging is:
a. linmted
b. practically unlinted
c. harder to achieve
d. done wi thout any lubrication

4 Another name for closed die forging is:
a. inpression forging
b. drop forging
c. cast forging
d. hammrering

5. “Flash” refers to:
a. the closing of the dies
b. excess netal flowing out of a die
c. fum ng of the lubricant
d. part ejection

6. Forging lubricants are
a. oil based
b. water based
c. |l ead based
d. graphite based

7. The primary difference between hot die forging and isothermal forging is:
a. the tenperature of the workpiece
b. the tenperature of the dies
c. the materials forged
d. workpi ece finishing.

8. Hot die and isothermal forging is used on:
a. ferrous materials only
b. non-ferrous material only
c. materials with narrow forging ranges
d. only very ductile materials
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Answer Key
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