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Abstract— In drop forging a lot of force is required to obtain
the required shape of product in accurate size. Here the
impact force applied (Fi) mainly depends on the density (p)
of material to be deformed, volume of the product to be
deformed (V), flowability () of material to be deformed,
temperature (T) of material and time (t) etc. Besides it here
the impact force applied also depends on the hardness and
softness of the material to be deformed. To obtain the soft and
well defined structure of the material the heat treatment
processes like annealing, normalizing may be used.
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I. INTRODUCTION

In drop forging first of all the material to be deformed may be
selected such type that it is enough ductile and malleable so
that it may be converted in required shape easily. Besides it
the design of the product should be prepared such type that it
may. be achieved easily with required quality. For this the
other many factors are also important to set properly like
proper partition between upper and lower forging dies, proper
design of dies, type of lubrication used etc. to achieve the
exact size without any hindrance. We should try to design the
product in hollow shape as far as possible because the hollow
shape may be achieved easily and fastly with good quality.
Besides it the impact force applied will be reduced
sufficiently, because the material volume is reduced of the
product. So here we will analyze about these all factors and
their relationship to impact force applied etc.

Il. METHODOLOGY OR LITERATURE SURVEY

A. Methodology Related To Internal Structure of Metal:

The impact force required to obtain the required shape and
size largely depends on the internal structure of the billet
material. To minimize the impact force required the particles
of the material should be small and spherical and should be
spreaded homogeneously in all over the volume of billet. To
provide such type material structure the two methods may be
used, in first method the heat treatment processes may be used
like tempering, annealing and normalizing and in second
method the chemical reactions may be used during casting
process. Besides it if any lubricating component (like lead
etc.) is mixed with the material of the billet then it will
increase the flowability of the material and the material will
glide smoothly and will be achieved the required shape in
short time. To avoid the friction between billet material and
die surfaces the lubrication (like graphite etc.) may be used.
It also may be achieved by coating the billet material surface
externally by lubricating component.

B. Methodology Related To Design of Product Required and
Using Die Sets:

The design of the product should be simple and easily
obtainable as far as possible so that there are less critical
arrangements required. For this the design of the product
should be provided hollow as far as possible and unwanted
corners, slopes, slots, holes etc. should be minimized also.
The partition between upper and lower dies should be
provided such that the volume of the billet material is shifted
equally in two parts at above and below the partition line. So
it is also clear that the upper and lower dies should be
designed according the size and shape of product portions
contained by them.

C. Methodology Related To Design of Die Set Made for
Forging of Hollow Products:

Here to make the hollow products by drop forging first the
metal billet is made hollow then it is put over the lower die
with inserting hard core like given fig.(A) after this the metal
billet is forged or impacted by upper die. But here the hard
core used should be sufficient tough so that it is capable to
bear the heavy impact load. For sufficient hardness and
toughness the hard core should be made by powder
metallurgy process.

Upper die Hollow product

Hard core

Lower die

Fig. 1:

I11. ANALYSIS

A. Analysis related to the relationship between impact force
(Fi), density of metal(p), flowability (1) of the metal, volume
of the metal to be forged (V) and time of contact of die with
the metal (t).

Then by Buckingham’s & theorem —
fivV,u, p,Fi,t)=0—
So the number of variables
(=5
Now on putting the dimensions of all variables —
V=(L%, u=MLIT?Y, p=ML?3), Fi=(MLT?),t=(T)
So it is clear that the number of dimensions (m) =3
So the number of wterms=5-3=2
So we can write as
fl(nl ,TCz) =0—

Equ.(A)

Equ.(B)
where
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my = (VA& pbtp® F) — Equ.(C)
M = (V2. 2, p2. t) — Equ.(D)
Now on putting the all dimensions at both sides of the of
equation (C) —
(MOLOTO) = {(L3). (ML T-1).62 (ML3) L, (MLT2)}
On comparison of dimensions at both sides —
3a;-b1-3c1+1=0Equ.(E) c¢1=1 so—
bi+ci+1=0and -b1-2=0
s0 bi=-2 andthen c;=1
Then from equation (E)—
a:=0
Then again from equation(C):
m = (Vo2 ph F)
m={pFi/p?} — Equ.(F)
Now on putting the all dimensions at both sides of the
equation (D) —
(MOLOTO) - {(LS)aZ_ (ML-l T-l)_b2 (ML-B) 02_ (T) }
On comparison of dimensions at both sides —
3ay- bz -3¢, =0 —
bo+c, =0 —
-bp+1 =0 so b, =1
Then from equation(H) —
c,=-1
Then from equation(G) —
a, =-2/3
Then again from equation(D):
m= (V2. pt.t)
mp = { ut/ pV¥%} = Equ.(D)
Then from equation (B) —
fi {(pFi / p?) / (ut/ pV?3)}
pEi /12 = ¢ (nt/ pv??)
Fi=(?/p) ¢ (ut/ pV?)
Now if u and p are taken constant then —
Fi=(u®/p?) ¢ (VVF)
Now for per unit volume —
Fi= (u3/p%) ¢ (1)
If ¢ (t) is taken as constant of proportionality then —
Fio@@/p?)— Equa.(K)
According equa.(K) it is clear that the impact force will be
minimum if the ratio (u®/ p?) is minimum.
Note: flowability (p) = {t. (du/dy)}
Where t© = shear stree between metal layers as semi solid
state.
du = difference of gliding velocity between two successive
layers of the metal.
dy = vertical gap between two successive layers of metal.

Equ.(G)
Equ.(H)

— Equ.(J)

B. Analysis over the relationship between maximum
deflection obtained (y) in forging, density of metal (p),
flowability of metal (1), impact force applied (Fi), volume of
metal to be forged (V) and time of contact of die with the billet
metal (t).

Then by Buckingham’s
n theorem —
f(V,1p,Fiy,t) =0 —

Then number of variables (n)=6
Now on putting the all dimensions of all variables —
V=(L%), p=(ML?), y=(L), p= (ML T, Fi = (MLT?),
t=(T)
So the number of dimensions (m) = 3
So the number of ©: terms = 6-3 =3

Equation (A)

So we write as fi(m, m2, m3) = 0
Where w1 = (V3 «pP« plsy)
m= (V2.uP2«p?+F) — Equation (D)
m3= (VB «pP®.pB«t) — Equation (E)
Now on putting the all dimensions on both sides in
Equation(C) —
(MPLOTO)={(L)*(MLT) % (M L)*(L)}
On comparing the dimensions on both sides —
al-bl-3cl+1 =0 — Equation (F) , bl +cl1=0— Equation
(G)
bl =0, then from Equation (G) » c¢1 =0
then from Equation(F) —al=-1
then again from Equation(C) - m1=(y/V) — Equation (H)
Now on putting the all dimensions on both sides in
Equation(D) —
(MOLOTO):{(L)al*(M L-lT-l)bl* (M L'3)Cl*(M LT-Z)}
On comparing the dimensions on both sides —
3 a2-b2-3¢2+1 = 0 —Equation (I) , b2 +c2 + I1=0 —
Equation (J)
-b2:2=00r b2=:2
then from Equation (J) » c2=1
then from Equation (I)—a> =0
then again from Equation (D) - n= (pFi / u?) — Equation (K)
Now on putting the all dimensions on both sides in Equation
(E) —
(MPLTO={(L)(MLIT P (M L) (T)}
On comparing the dimensions on both sides —
3a3-b3-3¢3 =0 —Equation (L) ,b3 +¢3 =0 — Equation (M)
-b3 +1=0 or b3 =1 then from Equation (M) - c3 =-1
then from Equation(L)—
a3=-2/3
then again from Equation (E) -n3=(ut/ pV?®)— Equation (N)
then from equation (B) — fi(y/V, pFi/p2, ut/pV¥#) =0
or yIV = d(pFi/p?, ut/pV3)
y/V = pFi/p2d{1,(u%/p?FV?? )} — Equation (O)
If ¢ {1,(n3t/p?FiV?? )} is constant then from  equation (O)

—

— Equation (B)
— Equation (C)

y/V o pFi/p? — Equa. (P)

According equation (P) it is clear that the deflection

per unit volume (y/V) will be maximum if the flowability (p)

is minimum while the impact force (F;) applied and density
(p) are fixed for particular metal.

IV. FINALRESULT:

Hence we can say that the drop forging may be improved if
some required changes are provided with the different-2 type
metals.

V. CONCLUSION:

The other type forging methods like press forging, roll
forging and extrusions etc. also may be improved by using
some required changes as well in drop forging.
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