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DEFINISI

Forging 1s a lerm applied to a tannly of Processes that induce Fil.‘lﬁl!i-.,' detormation through
localized compressive forees applied through dies. The equipment can take the foym of
hammers, presses. or special forging machines. While the deformation can be performed

m all iemperature I'-L'.!_-._-‘,i]ﬂt}i'- {(hot, cold, warm. or 1sothermai). most farging 1s done with

W .__)'l‘kpt.'l'r_":‘ albyve the rq__'_-:_'L"_u."'-.1_.:'L|||.*‘.1.T;nl:!. 'C-';'r.l.'.'l"n_'l"iLIUI.'C.'.

Forging is clearly the oldest known metalworking process. [rom the days when
prehistoric peoples discovered that they could heal sponge won and beat it into a4 usc-
ful implement by hammerning with a stone, forging has been an effective method of
producing many uscful shapes. Modern [orging is simply an extension of the anciend
art practiced by the armor makers and immortahzed by the willage blacksmith.
| high-powered hammers and mechanical presses have replaced the strong arm and the
hammer, and ool steel dics have replaced the anvil. Metallurgical knowledae has
supplemented the art and skill of the crafisman, as we seek to control the he .='=!-l',' and
handling ol the metal Parts can range in size from ones whose largest dimension i Joss

3

tham 2 ¢ (1 1) to others weighing more than 170 metnic tons (430,000 1b).




OPEN DIE HAMMER FORGING (1)

In concepl. open-die hanuner forgug is the same type of forging done by the blacksmi
ol old. but massive mechanieal equipment s now used to impart the repeated

The metal s hest heated Lo the proper temperature using i furnace or electrical indug
bon heanng. An Impact 15 then debivered by some Lype of mechanical hammer, The si
plest mdustrial hammer s a gravity drop machine. where a free-falling ram sirkes (i
workpiece, and the energy of the blow Is varied by adjusting the height of the drop. Mes

forging hammers now employ some f

rm of energy augmentation. however, where prgs
surtzed air, steam. or hydrauhe Mods are used to ratse and propel the hammer. Highy
striking velocities are achieved., with more control of striking force, casier automatios
and the ability 1o shape picces up to several tons. Contpuier-controlled hanimers o
pravide blows of differing impact speed (energy) for diblcrent products or each of I
various stages ol a gwven operation, Their use can greatly increase the elfficency of B

process and also minmuize the amount of noise and vibation, wihich ae the most op

mon outiets for the excess energy noi absorbed in the deformaution of the workpies

Figure 16-9 shows a large double-frame hammer along with a labeled schematic
U]*-:l: die forging does not fully control the flow of metal. To obtaia the desim
shape. the opcrator m Jsi orient and position the workpicce between blows. The hamm
may contact the workpiece directly. or specially shaped (ools cun be inseried 10 assisi)
making concave or convex surfaces. forming holes. or performing a cutofT operati
Mampulaiors mav be used 1o !'r{_~'1111:=1'| ];-'n'g::r workpieces, which may Wr‘ig_]'.l scveral Lons
While some finished parts can be made by this technique, open-die forging s usudl
amployed (o preshape metal in preparation for further operations, For exinple, considd
parts ke lurbme totors and gencrator shalts with dimensions up 1o 20 m (70 1) in lenglh




E{GURE {Left) Double-frame cron hammer, ¢
SChematic diagram of a | 1g hammer




©@ ¥  OPEN DIE HAMMER FORGING (3)

FAGURE 16-10 (Top)
stration of the unrestr




Break Time
15 Minutes

Lorem ipsum dolor sit amet, consectetur
adipiscing elit, sed do eiusmod tempor
incididunt ut labore et dolore magna aliqua.



mer forging (or smith
but 1L 1s nol |"|.l|.,l|~ al 1Or Iarge-scild i‘,"ll'|||II-_l||||'|_ || IS a slow ap
and dimensional precision of the resulting workpiece is dependent on the skill
tor. As shown in Figure 16-11, wvienn-chie or closed-ii
se difliculties by using shaped dies 1o control the flow
typical set ol mullicay

Ly :"El'h. ~|||'II L Ll pelal 15 positioned m ||IL oW

or more blows by the upper die. The hammening causes the metal (o fow and com
fill the die cavity. Excess metal is squeezed oul along the parting line 1o form
around the periphery ol the cavity 5 1 I cools rapidly. ing
mation. ¢ wely blo .
[ within the dic. the flash then ensures the fifling of all of the ca
thtimatc!y itimmed from the part m 2 [inal 1o opératon.
Tashiless forging. also known as true closed-dic forging., the metal is def
ih a cavily that provides lotal confinement. Accurate workp 1, requiredsi
complete filling of the cavity must be ensured with no excess maternal. Accurate
plove [L'u}:--':'[:tju]j||g 15 .:_|J<x‘: ng Sy, ,'1](':113:1 with =__‘i.'!-.'ll'| chie des 1 ang L'.t':'lllll'.'l of lubi
The major advantage of this approach s the climination of the scrap generated demg
flash formation, an amount that is often between 20 and 45% of the starting matend
Mast conventional forg are impression-die with {lash and are produced i é
with a series of cavities, where ong or more hlows of the hammer are vsed for each sgp
n ihe sequence. The first impression is often an edeing, fullering, or bendmg img
e the metal I:‘n_lghl}-' in accordanee with the LU T '
sthers material into a region, while fullering mowves matenal ay
ate imyj ong arc for Mocking the metal wo approximalely us final sha
ous corner and lillet radii. For small production lots. the cos! of lurther ¢

be justilied, and the blocker-type lorgings are simply fimished by machining. Mo
the final shape and size are imparted by an additional forging operation in
finisher impression, : rwhich the Nash i tnmmed [rom the part. Fleare 16

an example of these s and the shapce of the part at the cone 1 C . S
L is shaped in the same dic cavitics. cach mass-produced pant is a close dupl
thers,




HCURE 16-11  Schemati

M=-Chie 1araing
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FIGURE 16-12 Impression
drop-torging dies and the
duct resulling from each
n. The flash is trimmed
finishred connecting rod
e trimming die. The
ew shows the grain
flow resulting fiom the forging
process (Cowrtesy of Forging
Indusltry Associalion,
Clevel




tng mvolves increasing the diameter of a matenial by compressing s length. ind a headine tool or tam moves loneitudinalls

I:.:». iuse Of 1S use with a mvriad of [asteners, if s the most widely used of all Imfmp
poesses when evaluated w terms of the number of pi yroduced. Parts can be upsct
oed lm[h hn i ’mri 1. with the operation generally being performed on special high-

Iy, Separation of the dies then permils tran

the product ¢ NICCy started with each

wotion is usually horizontal, and the workpiece 1s rapidly
stavl with wire or rod, some ma-

osILIONRS Or ¢ay-
sap: i for the har L'pset-forming machings are often used 1o [or wds on bolts and other |
Fance I.‘u.l\-'u.ul thn cLIIL] MOV um_.n uus!lmn. ]‘h-.y arc then ¢ cd togeticr s well as to shape valves. couplings, and many other small components. The upsel
1 be on Lh 1 or central porbon ol the workpi i the final diamete
i 1o three mes the onemal, The tollowing thr les. thlustrated in Fieur

hould be followed when designing parts that ar

'he length ol unsupported metal that can by
miuriows buck hng should be limited to three time




FICURE 16-16 Set of upset-
larging dies and punches. The
product resulting from each of
the four positions is shown aiong
the bottom, (Courtesy of Apax
Manutacturing Company Etciid,
OH.)







TERIMA KASIH

Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed do
eiusmod tempor incididunt ut labore et dolore magna aliqua.



