
For most met a l form ers , the purch a s e
of a stamping press begins with an
eva lu a ti on of press su pp l i ers . Com-

panies also wi ll visit other stamping
houses to see pro s pective equ i pm en t
in acti on . Ven dors then visit to pre s en t
propo s a l s .

A less com m on but more ef f i c i en t
a pproach is to start the process by eva l-
u a ting the tooling you need to ru n . Th e
tooling a manu f actu rer plans to use
wi ll dict a te the type of press needed .
This careful con s i dera ti on is a met a l-
form er ’s on ly opportu n i ty to fit the
press to the too l s .

Met a l form ers also can use the fo l-
l owing items to furt h er fine-tune thei r
equ i pm ent ch oi ce s : ton n a ge , l oad dis-
tri buti on , en er gy, die size , s tro ke - l en g t h
requ i rem en t , die cl e a ra n ce s , c ri tical part
d i m en s i on s , m a terial type and annu a l
vo lu m e . Un derstanding these el em en t s
can help met a l form ers pinpoint the type of
press they need . Co ll ecting this inform a-
ti on qu i ckens the pre s s - s el ecti on proce s s
and opti m i zes capital inve s tm en t .

Answer the 
Tonnage Question

The first el em en t , ton n a ge , is wh ere
most people start . It is the force in ton s
requ i red to do the work in the die that
produ ces a finished part . The types of
produ cti on processes a met a l form er plans
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to use dict a te ton n a ge requ i rem en t s .
Wh en calculating the amount of ton-

n a ge requ i red to produ ce a part , d i f fer-
ent el em ents become part of the for-
mu l a . The four pri m a ry points to
con s i der wh en thinking abo ut ton n a ge :
total ton n a ge to be exerted at on ce ; h ow
h i gh in the stro ke the ton n a ge must be
exerted ; ton n a ge distri buti on ; a n d , f i n a l-
ly, an esti m a ti on of the reverse ton-
n a ge . The total ton n a ge a press can
exert wi t h o ut damaging the machine is
determ i n ed by the frame and drive
com pon en t s . These el em ents are
de s i gn ed to withstand full press ton n a ge
in the forw a rd directi on with all mate-
rials opera ting within their infinite
f a tigue ra n ge .

In a drawing proce s s , the ton n a ge
n eeded depends on cup diameter and
h ei gh t , and work p i ece - m a terial type ,
t h i ckness and tensile stren g t h . For
bl a n k i n g, we use part diameter and
t h i ckness as well as material thick n e s s
and shear strength to calculate ton n a ge .
For mu l ti p l e - s t a ge dies (progre s s ive or
tra n s fer ) , m et a l form ers must perform
ton n a ge calculati ons for each opera-
ti on . Items su ch as stri pper pads and die
c u s h i ons also increase the amount of
requ i red press ton n a ge to produ ce a
p a rt , and must be acco u n ted for in the
c a l c u l a ti on .

Timing is Everything
Ca l c u l a ting the total ton n a ge on ly

m a rks the beginning of the pre s s - s el ec-
ti on proce s s . One important aspect of
ton n a ge of ten overl oo ked is the hei gh t
a bove the bo t tom of the stro ke wh ere
the ton n a ge must be exerted — you mu s t
k n ow the timing of the die in order to
properly spec a pre s s . A job that requ i re s
200 tons of force at 1⁄8 i n . a bove stro ke
bo t tom is en ti rely different from a job
that requ i res the same 200 tons at 3 in.
of f bo t tom . The press de s i gns needed to
accom m od a te these two jobs are rad i-
c a lly differen t .

Also con s i der ton n a ge distri buti on
over the press bed . Ma nu f actu rers ra te
presses for maximum ton n a ge with the
l oad even ly distri buted ac ross two -
t h i rds of the bed . So, for ex a m p l e , a
press ra ted for 600 tons with a 12-ft. bed

must even ly distri bute that 600 ton s
ac ross at least 8 ft. of the bed . Con cen-
tra ting the load uneven ly, or in too
s m a ll of an are a , wi ll damage the pre s s
over time and, m ore import a n t ly,
diminish tool life and part acc u rac y.

Press su pp l i ers of fer data on a pre s s’s
a bi l i ty to withstand load , i n cluding of f -
cen ter load s . A good rule of t hu m b :
De s i gn dies to perform the work
bet ween or bel ow the con n ecti ons of t h e
pre s s . For this re a s on , presses of fer
de s i gns with one con n ecti on for small
h i gh - ton n a ge load s ; t wo con n ecti on s
for loads even ly balanced back to fron t
but of f - cen ter left to ri gh t ; and fo u r

con n ecti ons for parts that requ i re
u n even ton n a ges in both directi on s .

An o t h er import a n t , and som eti m e s
n egl ected , a s pect of l oad distri buti on
rel a tes to how high in the stro ke the
press exerts ton n a ge . Don’t just calculate
requ i red ton n a ge at each stati on and fig-
u re that a similar load occ u rs on the
o t h er half of the too l .You also must ti m e
the process in order to balance loads at
the same point in the vertical plane.

F i n a lly, in blanking and pierc i n g
opera ti on s , determine the amount of
reverse ton n a ge ex pected . Reverse ton-
n a ge occ u rs after the punch bre a k s
t h ro u gh the work p i ece materi a l . Ju s t
before bre a k t h ro u gh , the ram and con-
n ecti ons com pre s s , the bed , bo l s ter and

d rive shaft def l ect and the rest of t h e
press frame stretch e s . This stretch / com-
pre s s i on of press com pon ents devel op s
ton n a ge in the forw a rd directi on to
perform work on the part . Wh en the
m a terial bre a k s , this forw a rd ton n a ge
su d den ly becomes unoppo s ed and com-
pon ents def l ected from their ori gi n a l
s h a pe su d den ly attem pt to retu rn to
t h eir ori ginal shape , qu i ck ly accel era ti n g
the ram in a downw a rd directi on . Th e
cl e a ra n ces in the drive train reverse and
the ram jerks to a halt wh en all of t h e
be a ring cl e a ra n ces are taken up in the
oppo s i te directi on . This sends a shock
t h ro u gh the press frame and def l ect s
press com pon ents in the oppo s i te direc-
ti on . Reverse ton n a ge is the pri m a ry
com pon ent of m a ny pre s s - m a i n ten a n ce
probl em s , and is an important el em en t
to con s i der before purchasing a pre s s .

Torque, Leverage and Energy
The hei ght above the bo t tom of t h e

s tro ke at wh i ch the ton n a ge can be
exerted is a functi on of clutch torqu e
com bi n ed with the mechanical adva n-
t a ge of the drive . Due to incre a s ed lever-
a ge as the con n ecting rod stra i gh ten s ,
m echanical presses can exert more ton-
n a ge as the ram moves cl o s er to stro ke
bo t tom . Ma nu f actu rers ra te presses at a
d i s t a n ce above bo t tom wh ere the pre s s
can exert full ton n a ge wi t h o ut the clutch
s l i pp i n g.

The abi l i ty of a press to exert ton n a ge
i n c reases dra m a ti c a lly as it nears 180
deg. of the stro ke (bo t tom de ad cen ter ) ,
and it wi ll be able to exert many ti m e s
the ton n a ge that the press frame is
de s i gn ed for unless the press has a
hyd raulic overl oad to pro tect it. Con-
vers ely, as the con n ecting rod gets cl o s-
er to 90 deg. of s tro ke , the amount of
ton n a ge the press can exert , wi t h o ut
causing the clutch to slip, l e s s en s .

E n er gy is a second con s i dera ti on ,
p a rti c u l a rly important if the met a l-
form er plans to perform drawing oper-
a ti on s . E n er gy is press ton n a ge times the
d i s t a n ce over wh i ch the press wi ll exert
that ton n a ge , ex pre s s ed in the Un i ted
S t a tes as in.-ton s .

Con s i der the ton n a ge inform a ti on
just discussed . The total force - d i s t a n ce

One important
aspect of tonnage
often overlooked

is the height
above the bottom

of the stro k e
w h e re the

tonnage must 
be exerted.
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produ ct of a ll of the stati ons must be
com bi n ed to determine how many in.-
tons of en er gy wi ll be needed to form
the part .

A mechanical press stores en er gy in
the fly wh eel . Every time the pre s s
s tro ke s , the fly wh eel slows down as
en er gy tra n s fers from it to the work-
p i ece . Wh en the fly wh eel slows , t h e
m o tor draws el ectrical en er gy and
a t tem pts to retu rn the fly wh eel to its
ori ginal running speed .

The work - en er gy capac i ty of a
m echanical press of fers a measu rem en t
of h ow many in.-tons of en er gy can be
d rawn du ring one stro ke and fully
recovered before the next stro ke begi n s .
This work - en er gy capac i ty rel a te s
d i rect ly to the fly wh eel ’s ro t a ti on a l
s peed , mass and mass distri buti on in
rel a ti on to the ri m’s distance from the
hub and the motor hors epower.

It is ex trem ely important that any
press being con s i dered in a drawi n g
a pp l i c a ti on has the en er gy capac i ty
cl e a rly stated on a qu o t a ti on , as well as
the stro kes per minute at wh i ch the
press has that amount of en er gy. Bl a n k-
ing and forming opera ti ons wi ll requ i re
very little en er gy because the force is
exerted over a very small distance .
D rawing opera ti ons requ i re a lot of
en er gy because they must exert ton-
n a ge over a large distance .

Bed Size and Shut Height
The size of the dies to be used wi ll

d i ct a te the requ i red bed space and shut
h ei ght of the pre s s . Met a l form ers mu s t
b a l a n ce the flex i bi l i ty that a large bed
provi des with the opti mum load distri-
buti on typ i c a lly of fered with a pre s s
bed cl o s er in size to the too l . Be s i des cre-
a ting con cen tra ted load probl em s , ru n-

ning small dies in large beds also can
c re a te probl ems for opera tors as they
a t tem pt to move the work p i ece thro u gh
the too l , e s pec i a lly in progre s s ive - d i e
a pp l i c a ti on s .

One aspect of die size of ten over-
l oo ked is upper die wei gh t . The pre s s
has a co u n terb a l a n ce sys tem de s i gn ed to
provi de en o u gh ad d i ti onal lift on the
s l i de to co u n teract the wei ght of t h e
u pper half of the too l . This keeps be a r-
i n gs ti ght du ring the down s tro ke . Every
m achine has a maximum upper- d i e
wei ght capac i ty — i m proper co u n ter-
b a l a n ce ad ju s tm ent can lead to early
clutch / bra ke we a r, e a rly be a ring failu re
and incre a s ed en er gy use.

Wh en con s i dering stro ke - l en g t h
requ i rem en t , s t a m pers should look at
the types of p a rts to be produ ced .
D rawn parts requ i re at least three , a n d
prefera bly fo u r, times as mu ch stro ke

How Much Tonnage and Energy Do You Need?
An example: To calculate tonnage/energy/distribution,

consider a hypothetical die with five stations, 60 in. left
to right. 

• Station one requires 20 tons beginning 0.250 in.
above bottom dead center (BDC), and will exert that force
for 0.015 in. of the press stroke.

• Station two requires 20 tons beginning 0.125 in.
above BDC, and will exert that force for 0.015 in. of the
press stroke.

• Station three requires 40 tons beginning 2 in. above
BDC, and will exert that force for 2 in. of the press stroke.

• Station four requires 20 tons beginning 0.125 in.
above BDC, and will exert that force for 0.015 in. of the
press stroke.

• Station five requires 30 tons beginning 0.250 in.
above BDC, and will exert that force for 0.015 in. of the
press stroke.

The most tonnage the press frame will see at any one
instant is at 0.250 in. above BDC, when stations one,
three and five exert their tonnage. The tonnage on the
frame and drive train at that instant will be 90 tons. Note
that stations two and four do not begin to exert tonnage
until 0.125 in. above BDC, when stations one and five
have finished exerting tonnage.

At 0.250 in. above BDC the press must be able to exert
90 tons without slipping the clutch. Note that this calcu-
lation assumes a sharp die. More tonnage will be required

as the stations dull—leave a comfortable margin of ton-
nage capacity to account for this.

At 2 in. above BDC, the press must be able to exert 40
tons without slipping the clutch.

At 0.250 in. above BDC the load is out of balance
because station five is exerting 30 tons while the oppos-
ing station, number one, exerts only 20 tons. The press
selected must be able to resist this unbalanced load 
without undue wear or part inaccuracy.

Force x Distance = Energy
Station 1: 20 tons x 0.015 in. = 0.3 in.-tons of energy
Station 2: 20 tons x 0.015 in. = 0.3 in.-tons of energy
Station 3: 40 tons x 2 in. = 80 in.-tons of energy
Station 4: 20 tons x 0.015 in. = 0.3 in.-tons of energy
Station 5: 30 tons x 0.015 in. = 0.45 in.-tons of energy
Total energy used during one stroke to produce the

part: 81.35 in.-tons
At the slowest stroke rate that the die will run, the pre s s

must be able to exert and recover more than the 81.35 in.-
tons between strokes. Again, as the tooling wears the pre s s
will need to deliver more tonnage and there f o re more ener-
g y at each station to complete the part.

The die will see 90 tons and will distribute that load
across 60 in. of the bolster. Since presses are designed to
allow maximum even load distributed across at least tw o -
t h i rds of the press bed, the bed should be 92 in. or less left
to right for this die to meet that criteria in a 100-ton pre s s .

Quote Capital Equipment
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l ength as part hei ght to all ow for ease of
a utom a ti on and to all ow the ton n a ge to
be exerted with a standard - s i zed clutch .
S t a m pers looking for gre a ter vers a ti l i ty
must examine stro ke length in terms of
the balance needed bet ween the short-
est po s s i ble stro ke with the fastest cycl e
ra te versus the lon gest po s s i ble stro ke
l en g t h , wh i ch can accom m od a te a wi de
ra n ge of p a rt hei ghts but at a sac ri f i ce in
press speed .

Material Considerations,
Clearances and Lot Size

Requ i red die cl e a ra n ce also affect s
press sel ecti on . Dies producing part s
f rom very thin materials have small
p u n ch - to-die cl e a ra n ce s . This means
using a press with acc u racy requ i rem en t s
not ava i l a ble in most ga p - type mach i n e s .
Ex trem ely ti ght die cl e a ra n ces requ i re
ex trem ely high - prec i s i on presses and
demand stra i gh t s i de - press de s i gn s .

Cri tical part dimen s i ons not on ly
d i ct a te the type of press model but also
point the met a l form er tow a rd other

fe a tu res that help ach i eve ti gh ter to l er-
a n ces and gre a ter part acc u rac y. Th e s e
fe a tu res inclu de low def l ecti on , h i gh
re s i s t a n ce to of f - cen ter load s , l ow stack -
up to l era n ce s , and special drives su ch as
link and knu ck l e - m o ti on .

Work p i ece - m a terial type wi ll affect
the type of press needed , and wh et h er
fe a tu res su ch as link moti on or servo
tech n o l ogy may be requ i red for su c-
cessful produ cti on . Link moti on and
s ervo tech n o l ogy find app l i c a ti on for
forming thinner yet stron ger materi a l s
and exo tic materials su ch as ti t a n iu m -
m a gn e s ium all oys and high - ten s i l e -
s trength steel s . For ex ten s ive bl a n k i n g
opera ti ons on high - tensile materi a l s ,
press ton n a ge of ten is based en ti rely
on the re s i s t a n ce needed to wi t h s t a n d
the ex pected reverse ton n a ge .

F i n a lly, m et a l form ers must look at
the annual vo lumes they ex pect to pro-
du ce . Hi gh - vo lume batches may requ i re
a faster stra i gh t s i de press over a ga p
pre s s . For very high annual vo lu m e s ,
p u rchase more acc u ra te pre s s e s , as the

h i gh er ori ginal inve s tm ent pays divi-
dends in press upti m e , tool life and
overa ll ef f i c i en c y. While many con s i der
the stro kes ra te at wh i ch a press can
opera te , in high - vo lume opera ti ons it is
m ore important to con s i der minute s
per hour that the press wi ll actu a lly
opera te . Met a l form ers also may requ i re
certain levels of a utom a ti on , and annu-
al vo lume wi ll determine wh et h er a
p a rt must be hand tra n s ferred , fed pro-
gre s s ively or autom a ti c a lly tra n s ferred
t h ro u gh the die.

These guidelines are inten ded as a
ch eck l i s t . A basic understanding of t h e
el em ents discussed can help com p a n i e s
con s i der capital-equ i pm ent purch a s e s
f rom different pers pective s . In ad d i ti on
to making more - i n form ed purch a s e
dec i s i on s , a thoro u gh ex a m i n a ti on of
these el em ents helps manu f actu rers
m eet short - term needs while iden ti f yi n g
equ i pm ent flex i ble en o u gh to serve
f utu re job requ i rem ents—a key ingre-
d i ent to prof i t a ble opera ti on in tod ay ’s
lean econ omy. M F
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