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Punching on a Press Brake'*pa4esZUZI

Good safety practices and proper
training of each press brake operator is
mandatory. Comprehensive operator,
maintenance and safety manuals provide
instruction 0n proper procedures and
safety methods and should be with the
press brake at alltimes, Waming signs
and a checklist of operator safety
guidelines should be placed at strategic
locations on the press brake.

Usen are responsible forproper
installation and continued use of poinr
of-operation safeguarding and other
machine guards. This helps assure
operator safety and compliance with OSHA
requirements.

Each new CINCINNATI press brake
displap a tag showing that it meets ANSI
811.3 construction requirements. A copy of
this standard, which covers the proper care
and use ofpress brakes, is included to help
usen with their safety programs. Refer to
the Safety Manuals, Press Brake
Safeguarding Bulletin PI50686, ANSI
81l.j Safety Standards or consult
Cincinnati Incorporated for fu rther
information.

BRAKE COMPLIES WITH
ANSI 811,3 SAFETY

STANDARDS FOR CONSTRUCTION



Press Btoke Roling
All CINCINNATI press brakes areruted

for a maximum bending pressure, or
tonnage. Tonnage can then be converted
into bending capacities through an
understanding of basic factors affecting
the formability of metal. Bending factors,
0r "rules of thumb", forpress brake
forming are based on using mild steel
(60,000 psi maximum tensile strength).
An explanation of these facton will help
you understand the performance of your
press brake and the mild steel airbend
capacify charlspresented in this booklet,

Vee Die Opening ond Inside Rodius
Ihe recommended vee die opening for

mild steel up to I/2" (,500"; thick is eight
times the metal thickness. For thicker
thanl/2" mild $eel, it may be necessary
to increase the vee die opening up to ten
times the matnnalthickness to minimize
cracking of the material. To determine
the vee opening for a simple !0'bend,
multiply the metal thickness by eight.
The answer is then rounded to the next
higher 1/8" figure, For example: 14 ga,
(.075") x 8 = .600". This is rounded to a
5/8" veeopening.

The inside radius of abend in mild
steel is about 5/32' (J56') x the vee die
opening regardles of the gauge of metal
being formed. This figure was determined
by measuring formed samples bent over
various die openings. To illu$rate: If a
L/8" (.I25") sheetand a1/4" (.250")
plate areformed oyer a2" vee die, each
willhave ttre same inside radius of
approximately 5/ T6' (.312"7.

Springbock
Metal formed by an upper and lower

die as shown in Figure 1 only has three
points of contact. lf.metal is pushed into
a lower die sufficient to form a specific
angle, when the force is released, the
angle will open up due to springback.
Normal springback for mild $eel is 2' to
4". If the matnflalis hard, has a higher
tensile $rength, or aluger than nomal
inside radius, ttre springbackwill be geater.

Ah Bending (Figure I I
Air bending metal into a strai$t line

angle is the most common form of press
brake work. A top, or upper die, pushes
the metal into a lower vee die. The metal
only touches the point of contact of the
upper die nose and the two edges of the
lowervee die (Figure 1), The matrriil,
does not contact any other part of the
tooling during the forming cycle.

Most "airbend" tools are manufacfured
so that the upper and lower dies have the
same angle. This is done to minimize set-
up time. In order to obtain a true 90" air
bend, the tooling must be cut to allow

sufficient springback to aIlain a90'bend.
In most cases, the angle cut on the dies
will be between 30" to 85i For air
bending, the nose radius of the upper die
should be equal to or slightly less than one
metal thicknes using simple fractions.
Note: If parts are to beformed with air

bmd dias on a, press brahe with
contputsr control to determine
ram rwasalpositions, the dies
must be cut to an angle thatuill
compensate for all posible
material sp4ngback,

Botton Bending
Bottom bending material with dies cut

to approximately the finished angle (e.g.
880, 890 or 90) will increase the forming
tonnage. The reason for "true" bottoming
and coining is t0 "set" the materialin
order to overcome springback and obtain
better angular aqclrasl (see Figures 3 and
4 ), Bottoming is often selectedwhen
forming boxes or panels, Minimizing the
overbending keeps the final bends from
hitting the previously formed flanges and
causing distortion, Potentially smaller
inside radii may aiso be achieved using ttre

comng process.
There are three
different types of
forming which are
classified as
"bottom" bending:
bottomingwith
spring back, true
bottoming and
coining.

UPPER DIE

NOSE RADIUS

VEE DIE OPENING
LOWER (OR VEE) DIE

Figure l-Air Bending



Bottoming with Springbock
(tigure 2l

Bottoming with springback is not

considered "true" bottoming. When

metal is pushed into recommended

tooling, it will form an inside radius that

is equivalent to the 5/32 x vee die opening

rule. Pressure is then buiit up at the

bottom of the stroke causing the formed

metalto "kink" in the inside rudiusarca.

This causes the legs of the formed metal to

Figure 2-lvubending during forming operation

overbend enough to touch the corners of

the upperdie (Figure 2). The force

buildup will be about I I/2to 2l/2times

the tonnage required for air bending.

When the forming pressure is released, the

partmay spring back to the desired angle.

The angular consistency of this method is

dependent on uniform materialthicknes.

Normally, angtiar tolerances are similar

to air bending.

True Bottoming (Figute 3)

Vhen the upper die is made with a

radius of one metal thickness (to the

closest simple fraction), sufficient tonnage

must be built up at the bottom of the

stroke to "set" the metalandeliminate

spring back. The required tonnage will

range from three to five times the normal

air bend tonnage.

tigure 3-Bottoming

Coining (tigute 4l
When the upper die is made with less

than one metal thickness radius, the nose

of the die will embed into the metal

causing an apparent overbend condition.

In order to push the upper die into the

metalfar enough to obtain the desired

inside radius and bend angle, the required

tonnage will be at least five times the air

bend tonnage. If the desired inside radius

is one-half the metal thickness or less, the

forming load could approachten times

the tonnage shown on the air bend chart.

When the top die embeds, or displaces

metal, in order to obtainasharper than

one metal thickness inside radius, the

term "coining" is applied.

Figure 4-hining

(rotking

When formin g pIate, " ct ac\rJng" can

be erratic. Smallflanges can often be

formed whereas making the same bend in

the center of the sheet will cause failure.

Differences will also be found when

bending across the grain versus bending

with the grain. Cracking is often

minimized by increasing the nose radius

of the upper die.S-t*'



CROSS HOLD DOWN SLOT

Hydraulk Press Brokes

Figure S-Die Space

Die Spote (Figure 5)

Nways total the height of the press brake
dies and the height of the filler block (die

holder) to make sure the tooling willfit
into the available die space. For complete
information 0n "die height selection ,
request current iiterature from Cincinnati
Incorporated,

Die Alignment (tigure 6)

CROSS HOLD DOWN SLOT

lle chani csl P r us B r okrls

In order to obtain good accuraqr in
press brake forming, the tooling must be
aligned so that the nose of the upper die is
as central to the lower vee die as posible.

With mo$ press brakes, many bends could
be made with an alignment accvany ol
+I/54" around the centerline of the vee
opening.

Press brakes featuring computerized
controls that allow the operator to input
a specific bend angle depend on mathe-
maticalmodels to obtain good

DIES ALIGN -----+"1
WITH BED & RAM I
CENTERLINE

Figure 6-Die Alignment

consistency. If the dies are not closely
aligned to the tooling centerline,
inaccuracies can occur. As a result, it is
important to evaiuate the available

tooling with respect to the type of press
brake being used in order to obtain the best
possible forming angles. Vee dies with a

5/8" vee opening or less may requirc a *.005"

alignment to obtain good consistency.

Bend Allowonce

In order to determine the proper blank
size prior to forming a part 0n a press

brake, a bend allowance for each bend
must be determined. This information
has been made available through many
engineering textbools but the information
provided is not consistent. If questions
arise concerning a blank development for
your part, CINCINNATI has available a
bend allowance chart which may be
helpful. Contact your CINCINNMI
representative to obtain more information.

ECCENTRIC

ADJUSTMENT
SCREW

ADJUSTMENT

MINIMUM
DIE SPACE

DOVETAIL
SLOT DOVETAIL

SLOT



Actuol lensile or Yield Slrengths Angulor Acturocy
Bending ^cc'rraq is limited by:

1. Press brake condition and repeatability

2. 0perator ability

3. Condition of tooling

4. Quality of material

ksuming these four considerations are

carefully reviewed, normal tolerances

would be +1 1/2' when forming up to 10'

of 10 gauge or thinner sheet steel. If plate

is being formed, add one degree to the

tolerance. Bottoming operations will cut

the air bend tolerance in half, but will

increase the forming tonnage and could

necessitate some shimming of the dies.

One half of the angttlarvarialion

described above is due to normal mateial

thickness variations found in commercial

$eel, The other half can be attributed to

hardandsoft spots in the metal, edge

conditions, holes and notches, deflections

in the machine or tooling and machine

repeatability. CINC INNATI hx av ailable

LEFT-TO.RIGHT
OFF CENTER LOADING

MACHINE
CENTERLINE

press brakes and options to improve the

acc:;racy and consistency of many parts.

Consult your local CINCINNATI sales

office for assistance,

Off (enter Looding
(Figure 7)

The Air Bend Capacity Chart Gee pages

10-13) is for centerline, symmetrical

loads. Occasionally special forming or

punching setups do not have their load

centered on the bed andrumcenterlines.

Under these circumstances, care must be

taken not to exceed the maximum

eccentric (fronf to-back) loal, capacity of.

the press brake. Similarly, when the load

is not located at the machine centerline
(left-to-right) only a portion of full rated

capacity is available. Each housing is

limited to one-half of the maximum

rating. Contact Cincinnati Incorporated

for snecific information.

Many steels are supplied with a tensile

and yield strength identified as a
"minimumvalue" with the "maximum"

unspecified. Cincinnati Incorporated
"BendingFactors" (pages 14to 17) allow

an increase of 15,000 psi in steels using

minimum figures. This allowance should

work for over 90% of the steels available.

In cases where breakage of the material is

occurring or when the press brake will not

make a bend even after the tonnage has

been calculated to fall within the press

brake capacily, the material should be

tested to identify the acfial tensile and

yield strengths.

torming High Tensile Steels
High tensile $eels (70,000 psi or

higher) do not react like mild $eel. The

materialmay form to the radius of the

upper die. In this case, the nose radius of

the die should conform to the steel

manufacturer's recommendations. A

larger vee opening may be required to

obtain acceptable tonnages and ang,tlar

arrtJraly. See "Bending Factors" chart on

pages 14 to 17 for typical recommendations.

Note: Stainless steels usually react

similar to mild steel,

Bending Foctor Determinotion
"Bending Factofs" are obtained by

relating the actual tensile and yield

strengths of the steel being formed to those

of mild steel. Consideration has been

given in Cincinnati Incorporated's
"Bending Facton" chart to allowfor

increasing the inside radius of the plate if

required to eliminate cracking.

FRONT-TO-BACK
OFF CENTER LOADING

L- Load
(forming or punching)

D-Distance between
machine centerline
and load centerline

BED & RAM

Figwe 7 -hff Gnter Loading



Figu r e l-lonnoge B uild-U p

Ionnoge Build-Up (Figure 8) Shimming (Figure 9l
When making a90" air bend, the load

increases very rapidly, reaching 85% of

maximumwhen the metal is bent 20'
(10'per side). Maximum tonnage is

reached when the metal is bent a total of

40". The load drops off a few percent

when the metal is bent to 90' .

To compensate for bed andnm

deflection, as well as uneven wear on the
press brake and tooling, shimming of the

tooling may be required to obtain a

uniform bend. All shimming should be

done with a good quality $eel (not brass)

shim stock. In some cases, paper can be
used. Keep all surfaces free from dirt or

nicla since forming arcuracy canbe

affected by poor work habits.

9i--tbo.t^^.005"

Goging
In order to obtain good consistency

during the fonning operation, the gaging

sequence must be evaluated prior t0 parts

being formed . The avulabihty of CNC
gaging, manually set front and back
gagingor gages mounted to the lower die

all mu$ be reviewed to determine the

best method.

Note: RemembEr tbal gaging

detumines tbe position of the

bend. ,engular accuracy is

detwmined by tbe method

offorming,

Morking
General purpose vee dies sometimes

cause marks on polished stainless,

aluminum or painted stock. Marking can

be minimized by:

1. Increasing the corner radius at the top

of the vee die opening,
2. Polishing the entire vee die opening,

I. Hardening the corners of the larger

lead-in radii.

In some cases, tape or die coverings

can be used. Plastic coating on stainless

$eel may give inconsistent results in the
reduction of die marls. Contact your

CINCINNATI representative for additional

information.

Note: Sectionali,zing the loww die

often raulh in objectionable
marking.

60"

UNDER FILLER BLOCK

" l  l ' i  . .  , l r .  . " i l :  :  
t  

" , . " , , :  
. , , t1  . , t t , t  

"  

'  
t l

Figwe 9-lypkal Shinming hnfigur ation
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The following brochures and technical

data sheets provide helpful information

on the mo$ effective techniques for safe

and efficient press brake operation.

Press Broke Sofeguording-
Suggestions for 0wners ond
Iheir Employees

Required reading for all press brake
usen, this booklet illu$rates recommended
safeguading devices and proper mettrods for
safe operation. It also lists other supplien
of safety devices,

Operolion, Sofety ond
ltlloinlenonce lUlonuols
. 4 Series through 50 Series Mechanical

Pres Brakes
. CB Press Brake
. CB II Press Brake
. FomMasterPresBrake
. Form Master II CNC Press Brake
. AUT0SHAPE@ CNC Forming Center
e AUTOFORM@ CNC Forming Center

Complete guides to the installation,
setup, operation, adjustment and
maintenance of each C INC INNATI press
brake model line. They include bending
fundamentals, basic safety procedures and
proper gaging methods.

Die Height Selecfion ond
GenerolTerms
. Mechanical Press Brakes
. Hydraulic Press Brakes

A glossary of definitions and

terminology used when selecting dies and

discussing press brake applications.

Hydroulk Press Broke Setup
Procedure "Air Bending Only"

This step-by+tep checklist leads the
operator through the proper setup
procedure for air bending.

Bosic Punching Rules on
Press Brokes

Fundamental steps to follow for safe
and efficient punching.

lmproving Port 0uolity ond
Producfivity: How Advonced Press
Broke lechnology (on Help

An oveMew of bending techniques and
use of the latest press brake technolory to
achieve maximum partquality and
forming efficiency.

Goging ond Forming lips
A helpful guide that shows bending

techniques that improve partryality and
increase production efficienry.

Gooseneck Die Templote
A handy reference for five gooseneck

die sizes and configurations, The clear

template canbelaidover the part to check

for interference during forming.

Bending/Punching Ptessute Chofi
0ptimal tonnages and vee die openings

for bending and punching 20 gauge

through one inch mild steel.

Stondord Filler Block Spetifitotions
Complete dimensional data on standafi

nanow flat top and univenal filler blocla.

Bend Allowon(es fol Sheet Melol
Air Bends

This chart shows 90" bend allowance
for2i gaugethrou$ 5/8" mild steel, based
on recommended vee die width, upper die
radius and theoretical bend radius.

Moior Conditions Cousing
Excessive Bow

A detailed explanation of the various
streses which cause bow in formed parts.

Minimizing Die Morks on Ouolity
Bends

Provides 13 $eps lhataidin reducing

die marking on sheet metal.

To obtain any of these publications,
or for brochures on CINCINNATI press
brake models, die sets and accessories,
please phone Cincinnati Incoryorated at

$13) 367-7100 or fax (5r3) 367-7552.



Air Bend Copority ftort
The Air Bend Capacity Chart (pages 10-

13) lists the press brake bending capacities

in linear feet of mild $eel for different

metal thicknesses when air bending only.

The shaded area indicates the

recommended vee die opening for each

metal thickness. The nominal bending

force in tons/foot (1 ton = 2000 lbs.) is

listed in the third column. All capacities

are listed for mild steelwith a maximum

tensile strength of 60,000 psi and a

maximum yield strength of 40,000 psi.

Nomin al material v ariation allowances

have been made for allcapacity ratings.

For materials other than mild steel, refer

to the "Bending Facton" chart (pages 14
to 17) for the proper formabiliry fantor,

Bending Fodors (hoil

When materialother than mild steel is

to be formed , the required forming

tonnage will probably change. The
"Bending Factors" chart fuages I4tn17)

offen awide selection of ASTM numben,

their recommended upperdie nose radii and

vee die openings, The equivalent length

of any special materialwhich can be

formed on a given press brake is calculated

by dividing the mild $eel capacity by the

formability factor. This formability factor

is shown in the far right hand column.

Steel (ross Reference (hort

This chart (pages 18& 19) is provided
to cros-index manufacturen' trade names
with the properASTM specification. For
names 0r classifications not listed, conlant
Cincinnati Incomorated for assistance.

L. Determine the maximum length of 1/4"
(.250") mild steel a 5 Series press brake
can air bend using the recommended
vee die opening (8 x metal thickness).
Step 1:Locatn .250" thickness in the
fint column on the Air Bend Capacity
Chart (page 10).
Step 2: Followthe recommended 2.00"
vee die opening shaded line over to the
intenecting vertical line for standard 5
Series mechanical press brake. Read
maximum length of six feet. A 5 Series
AC is listed at eight feet of bending
capacity provided it is used at low speed.

2. Determine air bending capacity of. a
230tonhydraulic press brake when
bending I/4' (.250") thick Cor-Ten A.
Step 1: Refer to "Steel Cross
Reference Chart" (page 18) to find
proper ASTM specification number.
Select ASTM M42 for Cor-Ten A plate.
Step 2:Refer to ASTI4 A242 on Bending
Factors Chart (page 14) to determine
recommended vee die opening for 1/4"
plate.I2T= t?x .250" = 1.00".
Step 3: Determine ttre proper
formabilityfactorfor M42 from the
Bending Factors chart. (page I4)-L7.
Step 4 : |r:temine the bendin g capanig
for a230 ton hydraulic press brake
when forming .250" mild steel over
3.00" vee die opening by using the Air
Bend Capacity Chart (page 11)-21' .7.
Step 5: Divide the maximum airbend
capacity (StA 4) by the formability
factor (StE 9 2L7'/1.7 = 12.8 feet.

3. Select the proper size press brake to
airbend 12' of.3/8" (.375") thickA36
$eel with a maximum yield $rength
of 45,ooo psi.
Step L: Determine the nominal vee
die opening for A35 from the Bending
Factors Chart (page 14) -

8T=8x ,375 '=1 .00" .
Step 2 : Detennnethe formability facor
for A35 (maximum yield strength of
45,000 psi) from the Bending Facton
Chart (page 14)-1.3.
Step 3: Determine the equivalent
length of mild $eel by multiplying the
mateiallength times the formability
f.antor-L2' x7.3 = 15.6' .
Step 4: Determine the smallest press
brakethatcan be used from the Air
Bend Capacity Chart (pages 12 utdl3)
by selecting the first press brake,
mechanical or hydraulic, which
exceeds 15.6' capacity f0r.375" thick
mateialover a 3.00" vee die. A
21 Series mechanical (21.0') or 500
ton hydraulic (17,7') press brake will
form this matnnaL

4. Always check the tons per foot offorce
required to form mild steel with the
available press brake tooling. This
information can be used for designing
tools and determining ttre unit pressure
loading on the bed and ram, which
must not exceed 15 tons/in.Z
(1 ton = 2000 lbs.).

Caution: TheAir Bmd CapaciA Chart
dnw not apply to non-
standard str o k e m ech anical
prws brakes. Consult the

factory on these applications.



M I L D
STEEL
THICK.

NOMINAL
INCHES

VEE
DIE

OPENING
NOMI-
NAL

INCHES

TONS
(2000
LB)
PER
FOOT

LINEAB FEEI
MECHANICAL PRESSBRAKES-ANDARISTROKE ONLY

5 5AC I 9AC 12 1 2AC t 3 1 3AC 21 34 36 50
n%tu n%t ,u%rru'uYuu2o%soonn./--.7300 26%qoo,uY*,'9400t %ro u'%oootoo%uoo

(20 GA.)
0.036

.25 J . l 40.3 40.3 o / .  I o / .  I 89.5 89.5

.312 2.3 54.3 54.3 90.5 90.5

.375 1 . 7 73.4 73.4

.438 1 A 89.1 89.1

.50 1 . 1
62s 09

(18 GA.)
0.048

.25 5.3 23.6 23.6 39.3 39.3 52.3 52.3 69.8 69"8

.312 4.0 J I . Z 31.2 52.0 52.0 69.4 69.4 92.5 92.5

.375 3.0 41.6 41 ,6 69.4 69.4 92.6 92.6

.438 2.5 50.0 50.0 83.3 83.3

.50 2.2 56.7 56.7 94.6 94.6

.625 1 . 7 73.4 73.4

.75 t . J

(16 GA.)
0.060

.375 5.6 22.3 22.3 37.2 37.2 49.6 49.6 66.1 o o .  I 99.1

.438 A E 27.8 27.8 46.3 4 6 3 61.7 o  t . / 82.2 82.2

.50 3.8 32.0 32.0 54.8 54.8 73.0 73.0 . : i ; ' '

.625 2.8 44.6 44.6 74.3 74.3

.75 2.2 56.7 56.7 94.6 94.6

.875 1 . 8 69.4 69.4
1 . 0 0 t 5 8 3 3 8 3 3

(14 GA.)
0.075

.438 7.6 16.4 t o . + 27.4 27.4 36.5 36.5 48.7 48.7 73.0
50 6.3 1 9 . 8 1 9 . 8 33.0 33.0 44.0 44.0 58.7 58.7 88.1
.625 4.7 26.0 26.0 44.3 44.3 59.0 59,0 ti 78.7, flil j

75 3.5 35.7 35.7 59.5 59.5 79.3 75.3
.875 3.0 4  t . o 4  t . b 69.4 69.4

1 .00 2.5 50.0 50.0 83.3 83.3
1.125 2.1 59.5 59.5
1 . 2 5 1 8 6 9 4 6 9 4

(12 GA.)
0 .105

.625 9.7 12.9 12.9 21 .5 21.5 28.6 28.6 38.1 38.1 57.2 71.5

.75 8.0 t c . o 15 .6 26.0 26.0 34.7 34.7 46.3 46.3 69.4
875 6.5 1,0i0 ; 1Sto 32.n r 32.0 42.:7:t' 42.7 56.9 56.9 85.3

1 .00 5.6 22.3 22.3 37.2 37.2 49.6 49.6 o o .  I o o .  I

1 j 2 5 4.6 27.1 27.1 45.2 45.2 60.3 60.3 80.4 80.4
| . t J 4.1 30.5 30.5 50.8 50.8 67.7 67.7
1 .50 J . L 38.4 39.0 65.0 65.0 86.7 86.7
2 0 0 2 3 402 5 3 s 90.4 90.4

(11 GA.)
0.120

-7E
1 1 . 1 1 1 . 3 t . J 18 .8 18 .8 25.0 25.0 33.3 33.3 50.0 63.0 83.3

.875 9.0 13 .9 3.9 z J .  I t J .  I 30.8 30.8 41.1 41.1 61.7 77.1
00r , l  , .  7,5 16.7 D . / 27.8 27.8 37,0 37.0 49.3 49.3 74.0
125 6.3 19 .8 9.8 33.0 33.0 44.0 44.0 58.7 58.7 88.1
25 5.5 22.7 22.7 37.8 37.8 50.5 50.5 67.3 67.3
.50 4.4 27.9 28.4 47.3 47.3 o J .  I o J .  I 84.1 84.1

2.00 2.5 31 .9 42.4 71 .7 71 .7

(10 GA.)
0.135

.875 1 1 . 9 10 .5 0.5 t / . c t / . c 23.3 23.3 3 1 . 1 31 .1 46.6 58.3 77.7
00 9.9 I  z . o 2.6 21.0 21.0 28.0 28.0 37.4 37.4 56.1 70.1
125 8.5 14.0 4.0 25.0 25.0 32.0 32.0 43.5 43.5 65.3
.25 7.3 17.1 7 1 28.5 28.5 38.0 38.0 50.7 50.7 76.0
50 5.8 I  t . z 21.5 35.9 35.9 47.8 47.8 63.8 63.8

2.00 4.0 Z J .  I 30.8 52.0 52.0 69.4 69.4 92.4 92.4
2 5 0 25.3 31 .8 57.0 57.0 88.8 88.8

0.188

1.125 16.4 7.6 7.6 12.7 12.7 16 .9 16 .9 22.6 22.6 33.8 42.3 cb.4 84.6
1.25 14.3 8.7 8.7 14.6 14 .6 19.4 19.4 25.9 25.9 3B.B 48.5 64.7
.50 11.2 11 .0 2.A '19,0 19.0 25.0 25.0 34.0 34.0 49.6 61.9 82.6

2.00 7.5 12.3 6.4 27.8 27.8 37.0 37.0 49.3 49.3 74.0 92.4
2.50 5.7 13 .8 7.3 31.0 31 .0 48.3 48.3 62.3 62.3
.00 A A 14 .0 8.6 32.7 40.9 60.0 60.0 70.9 70.9

0.250

1 .25 29.5 4.2 4.2 7.1 7.1 9.4 9.4 12.5 12.5 18 .8 23.5 J  I - J 47.0
1 .50 22.7 5.5 5.5 9.2 9.2 12.2 12.2 t o . J 16 .3 30.6 40.7 61.1
2.00 15.4 6.0 8.0 13.0 14.0 18.0 18.0 24.0 24.A 36.0 45.0 60.0 90.1
2.50 11.4 6.5 8.6 5.5 t 3 . 3 24.2 24.2 31 .0 31 .0 46.6 60.9 81 .0
3.00 9.0 6.8 9 . 1 6.0 20.0 Z V . J 29.3 34.7 34.7 56.0 74.6
3.50 a i

L t 9.5 6.7 20.8 31 .1 31 .1 40.5 40.5 58.4
4.00 o .  l 7.4 10 .0 7.6 22.0 32.7 32.7 43.7 45.9 65.6

E

?

E
E'6

a

o*Press brake tonnage capacity at mid stroke and near bottom of stroke.
Series SAC, 9AC and 13AC tonnage capacity ratings listed are for low speed operation.t0
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MILD
STEEL
THICK.

NOMINAL
I NCH ES

VEE
D I E

OPENING
NOIV]INAL
INCHES

IONS
(2000 LB)

PER
FOOT

LINEAR FEET
HYDRAULIC PRESSRAKEONNAGE

60 90 t J c 175 230 300 350 400 500 600 750 1 000 1 250 1 500 2000

120 GA.)
0.036

25 3.1 t o . 4 24.6 37.0 48.0 63.0 82.0 95.9 109.7
,312 2.3 22.2 33.3 49.9 64.7 85.0 1  10 .8
,375 1 . 7 30.0 45,0 67.5 87.5 1  1 5 . 0
,438 1 . 4 36.4 54.6 8 1 . 9 106.2
.50 1 . 1 46.3 69,5 104.3
.625 0.9 56.7 85.0

18 GA.)
0,048

. E 5.3 9.6 14.4 21.7 28.1 36,9 48.1 56.1 64.2 80.2 96.2 1 20.3
.312 4.0 12.7 t Y .  l 28.7 37.2 48,9 63.8 74.4 85.0 1 06.3
375 3.0 17.0 25.5 38.3 49.6 65.2 85.0 99.1 113 .3
.438 2.5 20.4 30.6 45.9 59.5 78.2 1 02.0
.50 2.2 23.2 34.8 52.2 67.6 88.8
625 1 . 7 30.0 45.0 67.5 87.5 1  1 5 . 0
.75 L J 35.2 58.8 88.2 114.4

(16 GA.)
0.060

375 5.6 9 .1 13.7 20.5 26.6 34.9 45.5 c J .  I 60.7 75.9 91 .1 1  1 3 , 8
.438 4.5 1 1 . 3 17.0 z a . 3 J J .  I 43.4 56.7 o o .  I 75.6 94.4 I  1 3 . 3
.50 3.8 13.4 20.1 30.2 39.1 51.4 67.1 78.3 89.5 1 1  1 . 8
625 2.8 18.2 27.3 41.0 t J .  I 69.8 9 1 . 1 106.2 121 .4
.75 2.2 23.2 34.B 52.2 67.6 BB.B 1  1 5 . 9
.875 1 . 8 28.3 42.5 63.8 82.6 108.6

1 .00 t . c 34.0 5 1 . 0 76.5 99.2

(14 GA.)
0.075

.438 7.6 6 .7 1 0.1 t 3 .  I 1 9 . 6 25.7 33.6 39.1 44.7 55.9 67.1 83.9 1 1 1 . 8

.50 6.3 B.t 12.1 18.2 23.6 31 .0 40.s 47.2 54.0 67.5 8 1 . 0 101.2

.625 4.7 10.9 16,3 24.4 J  I . O 41.6 54.3 63.3 72.3 90.4 108.5
75 3.5 1 4 . 6 21.9 32.8 42.5 5 5 9 72.9 85.0 97.1 t L t . 4

875 3.0 17.0 255 38.3 4 9 6 65.2 85.0 99 1 1  1 3 . 3
1 . 0 0 2.5 20.4 30.6 45.9 59.5 78.2 102.0
1 .125 2.1 24.3 36.4 54.6 70.8 93.1
1 . 2 5 1 . 8 28.3 42.5 63.8 82.6 1 08.6

12  GA. )
0 .105

.625 9.7 5.2 7.9 1 . 1 . 8 t c . J 20.1 26.3 30.7 35.1 43.8 52.6 65.7 87.6 109.5

.75 8.0 A I 9.6 1 4 . 3 1 8 . 6 24.4 31 .9 37.2 42,5 53.1 63.8 79.7 106,3

.875 6.5 7.8 2.0 17.7 22.9 30.1 3S.2 45.8 52.3 65,4 78.5 98.1 130.8
1 .00 5.6 9 .1 3 7 20.5 26.6 34.9 45.5 5 3 , 1 60.7 75.9 9 1  . 1 1  1 3 . 8
1 .125 4.6 1 1 . 1 6.6 24.5 32.3 42.5 55.4 64.7 73.9 s2.4 1  1 0 . 9
|  . za 4 .1 12.5 8 .7 28.0 36.3 4 7 7 62.2 72.6 82.9 103.7
1 . 5 0 3.2 1  5 .9 23.9 35.9 46.5 61 .1 79.7 93.0 106.3
2.00 Z . J 22.1 33.2 49.9 64.7 85.0 1  1 0 . 8

11 GA.)
0.120

.75 1 1 . 1 4 .6 6.9 0.3 1 a  A 17.6 23.0 26.8 30.6 3B.3 45.9 57.4 76.6 95.7 1  14 .9

.875 9.0 5,6 8 .5 2.8 t o . c 21.7 28.3 3 3 0 37.B 47.2 5 6 7 70.8 94.4 1 .18.0

00 7,,5 6,8 0.2 5.3 19.8 26.1 34.0 39.7 45.3 co.  / 68.0 8s.0 113 .3
125 6.3 8.1 2.1 8.2 23.6 31 ,0 40.5 47.2 54.0 67.5 8 1 . 0 101.2
25 5.5 9.3 3.9 20.9 27.0 35,5 46.4 54.1 61 .8 77.3 92.7 1  1 5 . 9
50 4.4 1 . 1 . 6 4 26.1 33.8 44.4 58.0 67.6 77.3 96.6 1  1 5 . 9

2.00 2.9 17.6 26.4 39.6 51 .3 67.4 87.9 102.6 117.2

(10 GA.)
0 .135

875 1 1 . 9 4 .3 6 .4 9.6 12.5 i o . 4 2 1  4 25.0 28.6 35.7 42.9 53.6 71.4 89.3 107.1
1 .00 9.9 c .  I 7 7 1 . 1 . 6 1 5 . 0 19.7 25.8 30.0 34.3 42.9 c t . J 64.4 85.9 107.3
1.125 8.5 6.0 9.0 13,5 |  / . c 23.0 30.0 35.0 40.0 50.0 60,0 75.0 100.0
|  . z? 7.3 7.0 10.5 15.7 20.4 26.8 3 4 9 40.8 46.6 58.2 69.9 87.3 1 16.4
1 .50 5.8 B.B 13.2 1 9 , 8 25.6 33.7 44.0 3 t . J 58.6 73.3 87.9 109.9
2.00 4.A 12.7 1 9,1 28.7 37.2 48.9 63.8 7 4.4 85.0 106.3
2.50 J .  l t o . J 24.7 37.0 48.0 63,0 82.2 95.9 109.7

0 .188

1.125 16.4 o .  l 4.7 7.0 Y .  I 1 1  . 7 15.5 1 8 . 1 20.7 25.9 3 1 . 1 38.9 5 1 . 8 64.8 77 .7 103.7
1 . 2 5 14.3 3 .5 5.3 8,0 1 0 . 4 13.7 17.8 20.8 23.8 29.7 35.7 44.6 59.4 7 4.3 89.2 1 1 8 . 9
1 .50 11.2 6.8 10.3 13.3 l a  I 22.8 25.5 30.4 37.9 45.5 56.9 75.5 94.9 1  13 .8
2.00 7.5 6.8 10.2 t c . J 1 9  8 z o .  I 34.0 39.7 45.3 56.7 68.0 85.0 I  I J . J

2.50 5.7 8 .9 13.4 20.1 26.1 3 4 3 44.7 52.2 59,6 7 4.6 89.5 1 1 1 . 8
3.00 4.4 1 1 . 6 17.4 l o .  l 33.8 44.4 5 8 0 67.6 77.3 96.6 I  t c . v

0.250

1 . 2 5 29.5 1 . 7 2.6 3 9 5.0 6.6 8 .6 1 0 , 1 1 1 . 5 14.4 17 ,3 z t . o 28.8 36.0 43.2 57.6
1 .50 22.7 2.2 3.4 c .  I 6.6 8 .6 11.2 1 3 . 1 t c . u 18.7 22.5 28.1 37.4 46.8 56.2 7  4 .9
2.00 15.4 5.0 7.5 I0.0 12.8 I O . O 19.3 22.1 27.6 33.1 41.4 55.2 69,0 82.8 1 10.4
2.50 11.4 4.4 6 .7 0.1 13 .0 17 .1 22.4 26.1 29.8 37.3 44.7 55.9 74.6 93.2 1 1 1 . 8
3.00 9.0 5 .6 8 .5 B t o . c 21.7 28.3 33.0 37.8 47.2 56.7 70.8 s4.4 1 18 .0
3.50 7.4 6 .9 10 .3 5.5 20.1 26.4 34.4 40.2 45.9 E a t 68.9 86.1 1  1 4 . 9
4.00 o .  l 8.3 12.5 8 .8 24.4 32.0 41.8 48.8 55.7 69.7 83.6 1 0 4  5

I I
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IV]ILD
STEEL
THICK.

NOMINAI
I NCHES

VEE
DIE

TONS
(2000
LB)
PER
FOOT

LINEAR FEET
MECHANICAL PRESS BRAKES-STANDARD STROKE ONLY

OPENING
NOMINAL
INCHES

5 5AC I 9AC 12 1 2AC I J 1 3AC a l 34 36 50

n/", s%ss1t%zrt tu%rrt'oYtoo 'o/*o 'u%oo'u%ooao%aoo.cn, /'7tso uu%oo,too%uoo

.313

1 .50 39.8 J .  l 5.2 5.2 7.0 1.0 9.3 9.3 13 .9 17.4 23.2 34.9
2.00 27.0 3.4 4.6 7.7 7.7 10 .3 10 .3 13.7 t J , / 20.6 25.7 1 A  e 51 .4
2.50 19.7 4.0 5.0 q n 9.0 14.0 1 4 0 18.0 I 18.0 27.4 34.0 46.9 70.4
3.00 t c . J 4.2 9.4 1 1 . 8 17.2 17.2 20.4 20.4 32.9 43.9 60.5 90.6
3.50 12.7 4.4 5.5 9.7 12.1 18"5 18 .5 23.6 23.6 35.0 50.8 68.1
4.00 10 .5 4.6 5.8 10 .3 12.8 19 .0 19.0 25.4 26.7 38.1 57.1 76.2
5 0 0 7.7 25.2 25 27.6 3 4 6 4 4 8 7 2 8

.375

2.00 42.3 2.2 2.9 4.9 4.9 6.6 6.6 8.7 8.7 1 3 . 1 16.4 21.9 32.

2.50 30.9 2.4 3.2 5.7 5.7 8.9 8.9 1 1  . 4 11.4 17.2 22.4 29.9 44
3.00 24.0 t .o 3.4 6.0 11 .0 .0 13 .0 14.0 21.0 28.0 36.0 57.8
3.50 19 .6 1 a 3.6 6.3 7.9 11.7 7 15 .3 22.6 32.9 44.1 70.7
4.00 t o . J 2.8 3.8 6.6 8.3 I  t . J 2.3 16.4 17.2 . A  E 36.8 49.0 85.1
5.00 I  Z . J 1 5 . 8 5.8 17.3 21.7 28.1 45.6 59.5
6.00 9.5 6 7 6

.438

2.50 45.8 2.2 3.9 3.9 6.0 b.u 7.8 7.8 1 1 . 6 t c .  I 20.2 30.3
.00 2.3 A 1 c .  I 7.5 7 .5 B.B 8,8 14.2 19 .0 26.1 39.2
qn 28.6 2.4 4.3 D.4 8.0 8.0 10'5 10.5 15 .5 22,5 3S;tr . .4s$'

4.00 24.4 2.5 4.4 5.5 8.2 8.2 10 .9 I  t . D 16 .4 24.6 32.8 54.5
5.00 17.3 11.2 11.2 12.3 15.4 20.0 32.4 L + Z . J 69.6
6.00 '14.8 43.4 76,0
7 0 0 11 .2

.500

3.50 39.7 J , I 3.9 5.8 5.8 7.6 7.6 11.2 16.2 21.8 34.9
4.00 33.3 J . a 4.1 6.0 6.0 8r0. 8.4 12.0 18.0 24,0 39.9
5.00 24.6 8.0 8.0 ; ' 8 . 6 , [{J.E , 14_U 20.0 29.7 4S.0
6.00 19 .4 J J .  I 58.0
7.00 15 .9 63.2
8.00 ' 13  1 69.8

.625

4.00 58.3 2.3 3.4 3.4 4.6 4.8 6.9 10 .3 13.7 22.8
5.00 43.1 A E 5.0 6.2 8.0 13 .0 17.0 28.0
6:00 33,3 ,  i " ,  l l t r i  r J 19 ,3 33.8
7.00 27.4 36.7
8.00 23.3 39.3

1 0  0 0 1 6 I

.750

6.00 53.5 12.0 21.0
7.00 43.6 24.9
& 0 0  r 36.5 26.0

10"00 27.1
12.00 21.0

.875

7.00 64.6 t J . o

8.00 52,9 17.3
.10.90r r i J9  I  r

12 .00 31 .6
14.00 2 5 2

1 .000

/.00 s1.2 1 1  . 4
8.00 76.2 12.0

10.00 t A a

00 44.2
14.00 35.2
16 00 29.4

1.250

10.00 97.0
12.00 75.5
14.00 61.6
16.00 51 .1
20 00 3 7 7

1.500

12.00 1 1 9 . 0
14.00 97.3
16.00 8s,6
20.00 59.5
24 00 4 6 8

1.750

16.00 1  18 .0
20.00 87.5
24.00 68.8
30 00 507

2.000
16.00 165.0
20 nft 122.A :
24.00 96.0
30.00 70.8

.Press brake tonnage capacity at mid stroke and near bottom of stroke. Series 5AC, 9AC and 13AC tonnage capacity ratings listed are for low speed operation.t2
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MILD
STEEL
THICK.

NOIVIINAL
I NCH ES

VEE
D I E

OPENING
NOIVINAL
INCHES

TONS
(2000 LB)

PER
FOOT

LINEAR FEET
HYDRAULIC PRESS BRAKE

-ONNAGE

60 90 I J J t / c 230 300 350 400 500 600 750 1 000 1250 1 500 2000

.313

1 .50 39.8 2 .9 3 .7 4 .9 6.4 7.5 8 .5 10.7 12.8 1 6 . 0 21.4 26.7 32.0 42.7
2.00 27.0 2.8 4.3 5 .5 7.2 9.4 1 1  . 0 12.6 15.7 18.9 23.6 3 1 . 5 39.3 47.2 63.0
2.50 19.7 2 0 5.8 7.6 9.9 12.9 15 .1 17.3 21.6 25.5 32.4 4 J .  I 53.9 64.7 86.3
3.00 15 .3 5.0 7.5 9.7 12.8 16.7 1 9 . 4 22.2 27.8 33.3 41.7 55.6 69.4 83.3 1 1 1
3.50 12.7 6.0 9 .0 11.7 1 E  I 20.1 23.4 26.8 33.5 40.2 50.2 66.9 83.7 100.4
4.00 10 .5 7.3 1 0 . 9 14.2 18 .6 24.3 28.3 32.4 40.5 48.6 60.7 81 .0 101.2
5.00 7.7 9 .9 14 .9 1 9 . 3 25.4 33.1 38.6 44 .1 55.2 66.2 82.8 1  1 0 . 4

.375

2.00 42.3 2 .7 3 .5 4 .6 6.0 7.0 8 .0 1 0 . 0 12.1 1 5 . 1 20.1 25.1 30.1 40.2
2.50 30.9 2 .5 4.8 o . J 8.3 9.6 1 1 . 0 t J . d 16 .5 20.6 27.5 34.4 41.3 55.0
3.00 24.0 3.2 4.8 6.3 8.3 10.0 12.4 14.2 17.7 Z  I . J 26.6 35.4 44.3 c J .  I 70.8
3.50 19.6 3.9 5 .9 7.6 10.0 1 3 , 0 15.2 17.3 21.7 26.0 32.5 43.4 54.2 65 .1 86.7
4.00 16.3 7 .0 9 .1 12.0 1 5 . 6 18.3 20.9 26.1 31 .3 39.1 52.1 65.2 78.2 104.3
5.00 12.3 6.2 9.3 12.1 15 .9 20.7 24.2 27.6 J 4 . b 41.5 5 1 . 8 69.1 86.4 103.7
6.00 9.5 8.0 12.0 1 5 . 6 20.6 26.8 31.3 35.8 4 4 / 53.7 o / . 1 89.5 1 1 1 . 8

.438

2.50 45.8 2.5 3.2 4 .3 5.6 6.5 I I 1 . 1 13 .9 18 .6 23.2 27.8 J t . l

3.00 35.4 2.2 3.2 4.2 5 .5 7.2 8 .4 9.6 12.0 1 4  4 18 .0 24.0 30.0 36.0 48.0
3.50 28.6 2.7 4.0 5.2 6.8 8 ,9 10 .4 1 1 . 9 14.9 17.8 22.3 29.7 37.2 44.6 59;4
4.00 24.4 3.1 4 .7 o .  I 8.0 1 0 . 5 12.2 13 .9 17 .4 20.9 26.1 34.8 52.3 69.7
5.00 17.3 4 4 6 .6 8.6 1 1  . 3 14.7 17.2 19.7 24.6 29.5 36.8 49.1 61.4 73.7 98.3
6.00 14.8 5.2 7.8 1 0 . 1 13.2 17.2 20.1 2 3 0 28.7 34.4 i a 1 57.4 71.8 86.1 1  14 .9
7.00 11.2 6.8 10.2 1 3 . 3 1 7 4 22.8 26.6 30.4 3 7 9 45.5 56.9 75.9 94.9 1  13 .8

.500

3.50 39,7 2.9 3 .7 4.9 o . c 7.5 8.6 10.7 12.8 1 6 . 1 26,8 32.1 42.8
4.00 33.3 2.3 3,4 4.5 5.9 7.7 8.9 10.0 12.8 r c . J 19.1 25.5 31.9 38.9 51 ,1
5.00 24.6 J .  I 4.7 o . l 8.0 10.4 12.0 13.8 17.3 20.7 25.9, 34.6 43.2 51.8 6S,1
6.00 19 .4 3.9 5 .9 7 .7 1 0 . 1 1 3 . 1 15 .3 1 7 5 21.9 26.3 32.9 43.8 54.8 65.7 87.6
i.00 15 .9 4 .8 7.2 9.4 12.3 16 .0 18 .7 26.7 32 .1 40.1 53 .5 66.8 80.2 106 .9
8.00 1 3 . 1 5 .8 8.8 11.4 14 .9 1 9 . 5 22.7 26.0 32.4 38.9 48.7 64.9 8 1  . 1 97.3 129.8

.625

4.00 58 z . o 3.4 4.4 c .  I 5.8 7.3 8.7 1 0 . 9 14.6 18.2 21.9 2 9 2
5.00 A e 1 2.7 J . J 4.5 5.9 6.9 7.9 9.9 1  1 . 8 14 .8 19.7 24.7 2 9 6 39.4
6.00 z .o 3.4 5.9 7.7 8;9 10.0 r 3.0 15.3 19.1 25,5 31.9 38.9 5 1 . 1
7 0 0 27.4 2 .8 4 .2 5.4 7 .1 9.3 1 0  9 I  L . q 15.5 1 8  6 23.3 31 .0 38.8 46.5 62.0
8.00 23.3 3.4 4.9 6.4 8.4 10.9 12.8 14 .6 18.2 21.9 27 .4 36.5 45.6 54.7 73.0

10.00 1 6  9 4 .5 6 .8 8.8 1  1 . 5 1 5 . 1 17.6 20.1 25.1 30.2 3 7 7 50.3 62.9 75.4 100 6

.750

6.00 53.5 2.1 2.8 3.7 4.8 5.6 6.4 7.9 9.5 1 1  . 9 15 .9 19 .9 23.8 31  . 8
7.00 43.6 2.6 3.4 4.5 5 .8 6.8 7.8 9.7 1 1  7 14.6 1 9  5 24.4 29.2 39.0
8.00 36.5 2 .1 3.1 4 .1 5.4 7.0 8.5 9.3 I t . o 14 .0 17.5 23.3 29.1 34.9 46.6

10.00 27.1 2.8 4.2 5.5 9 .4 1 1 . 0 12.5 15.7 18 .8 23.5 31.4 39.2 47 .0 62.7
12.00 21.0 7.1 9.3 1 2 1 1 ^ a 16.2 20.2 24.3 30.4 40.5 50.6 60.7 8 0 9

.875

7.00 64.6 2.3 3.0 3 .9 4.6 5.3 6.6 7.9 9.9 13.2 t o . q 19 .7 26.3
8.00 52.9 2.2 2 .8 3 .7 4 .8 5 .6 b . 4 8,0 9.6 12.1 1 6 . 1 20.1 24.1 32.1

10:00 3S,7 2.9 3.7 4 .9 6.4 7.5 8.6 10.7 12.8 t o .  I 21.4 26.8 n t .  I 42.8
12.00 31  . 6 4.7 6.2 8 .1 9 4 10 .8 t J . c 1 6 . 1 20.2 26.9 33.6 40.3 53.8
14.00 25.2 1 0 . 1 13 .5 16 .9 20.2 25.3 J J .  / 42.2 50.6 67.5

1 .000

7.00 91.2 2.1 2 .8 3 .3 3.7 5 .6 7.0 9 .3 11.7 14 .0 18 .6
8.00 76.2 2 .0 2 6 3.3 3.9 A E 5 .6 6.7 8.4 1 1 . 1 13 .9 16.7 22.3
0.00 56.3 2.0 2.6 3.5 4.5 5.3 6.0 7.5 9.1 1 1 . 0 '15.0 18 .9 22.6 30.2
2.00 44.2 3.4 4.4 5 .8 6 .7 7.7 9.6 1 1 . 5 14.4 19.2 24.0 28.8 38.5
4.00 35.2 7.2 9.7 12.1 14.5 1 8 , 1 30.2 36.2 48.3
6.00 29.4 8 .7 1 1 . 6 14.5 17.3 21.7 28.9 36.1 43.4 57.8

1.250
0.00 97.0 2 .0 2.6 3 .1 3 .5 4 .4 5.3 6.6 8.8 1 0 . 9 1 3 . 1 |  / . 3

2.00 75.5 2.0 2.6 3 .4 3 .9 4 .5 5 .6 6.8 8 .4 1  1 . 3 1 /  I 16 9 22.5
4.00 61.6 4.1 5.5 6.9 8.3 10.3 13 .8 17.0 20.7 27.6

16.00 5 1 . 1 5.0 6.7 8.3 10.0 12.5 16.6 20.8 24.9 33.3
20.00 37.7 6.8 9.0 1 1  . 3 13 .5 16 .9 22.5 28.2 33.8 45 .1

1.500
1 2.00 1 1 9 2 .1 2.9 J _ O ^ a 5.4 7.1 8 .9 10.7 14 .3
14.00 97.3 2.6 3.5 4 4 5.2 o . o 8.7 10 .9 1 3 . 1 17.5
16.00 80.6 J . t 4.2 5.3 6.3 7.9 10.5 13.2 16.0 21.1
20,00 59.5 4.3 5 .7 7 .1 8.6 10.7 t 4 . J 17.9 28.6
24.00 46.8 5 . 4 7.3 9 .1 10.9 13.6 1 8 . 2 22.7 27.2 36.3

1 .750

16.00 1 1 8 2.2 2 .9 3 .6 4 .3 5 .4 7.2 9.0 10.8 1 4  4
20.00 B7.5 2.9 3.9 4.9 5.8 t . 5 9.7 12.1 14.6 19 .4
24.00 68.8 3 .7 4 .9 6.2 7 / 9.3 12.4 1 q  A 18 .5
30.00 50.7 5.0 6.7 8.4 10.0 12.6 16 .8 21.0 25.1 e e  6

2.000

16.00 1 6 5 2.1 2.6 J .  I 3.9 5.2 6.4 7.7 1 0 . 3
20.00 122 a . l 2.8 3.5 4.2 5.2 7.0 8.7 10.5 13.9
24.00 96.0 2 .7 3 .5 4 .4 5.3 6 .6 8 .9 1 1  . 1 13.3 17.7
30.00 70.8 J . O 4 .8 6.0 7.2 9.0 12.0 1 5 . 0 18 .0 24.0



t4

ASTM SPTCITICAIIOI{ rtil)|lt
STRTl{GTH

K.5.1.

YITTD
STRENGIH

t(.s.1.

thATEtilAt
THICKilTSS
rr{cHts

N0Mtl{At
vtt Dtt
OPENII{G
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RADIIJS

FORMABIlITY
TAfiORl{0. TYPT GRADT

A"36 STRUCTUMI SIEII-
58t0

? t-4'l

51-65

.l B0 - .500
.500- r.000
.180 . .500
.500 - 1.000

8I
t0T
l0T
121

IT
1.51
t . l l

1I

1.3

1.6

A-t 3r STRUCTURAL STEEI. IOR St|IPS ALL 58fl 34 Min.
. l  80 - .500
500- 1 000

BT
l0T

1T
t.5r 1.2

A-242 t|IG||-STREi'IGTH I.OW.AI"IOY
STRUCIURAL ST[[L

70 MrN. 50 MtN. .t B0 ".250
.2s0- .500

21 ?1 t . l

A-283 LOW AND INTTRMEDIATE IENSILI STRINGTH
CARBON SIEEL PLA][S OI STUCTURAT OUAIITY

A 4t55 24 Min.
. 180 - .500
500 - I .000

d l

r0r
I T

t 5 I 1.0

B 50"60 2/ Min. . l  80-  .500
.500 - r.000

BT
tnT

t l
t.5T 1.0

t 55-65 30 MtN. .t 80 - .500
500 - I.000

8T
r0T

I T
r .5I t . l

D 60-72 33 MIN .r 80 - .500
.500- r.000

8T
t0T

IT
r5T 1.2

A-285 I.OW AND INIERMIOAII TIN$I"E STRENO]I|
CARBON STEIL PI.ATIS FOR PRISSURI VISSEI.S A 4t65 24 MrN. .1 80 . .500

500 . I .000
U I
107

IT
l.5T 1 .0

B 50t0 27 MtN. .l 80 - .500
500 - 1.000

BT
r0T

1T
I .5r t . l

c 55-/5 30 MrN. . 180 - .500
.500- 1.000

8T
I0T

IT
1 .51 t.2

N299 CARBON MANGANISI SILI(ON S]EEL PI.ATI
FOR PRESSURE VESSII.S

75-95 42 MtN. .t 80- 1.00 I 1.51 1.5

A-51 4 HIGH.YIIO SNINGTH, OUENCt|ID AND IEMPERED
AI.IOY SNI PUTE SUITABI.I IOR WETDING 1r0.130 100 MtN. 180 -1 .000

0\/ER 1.000
0 l

0 t

oT,rl

3t 3.1

A5l 5 CARBON STEEI PLA]ES IOR INTTRMEDIATI ANI]
l|IGHER TIMPERATURE SERVICI FOR
PRISSURE VESSEI.S

55 5t75 30 MtN. .l 80 - .500
500- 1 000

8T
l0I t.5T 1.2

60 60-80 32 MtN. .t 80 - .500
.500 - 1.000

BT
107

l I
I .57 1.3

65 65.85 35 MIN. .180- .500
s00- r.000

UI
2I

l.5T
2I I .45

t0 /090 38 MIN .180 . .500
.500" 1.000

t2I
t4T

2I
7t 1.6

A51 6 CARBON $EEt PI.ATIS IOR MODERATI AND
t0WtR TEIIIPERATURl SIRVICE F0R
PRISSUREVESSI$

55 55-75 30 MIN: .l 80- .500
.500- 1.000

U I
l0T

t l

l.5T 1.2

6 0 . '60t0 32 MIN .t 80 . .500
.500 - 1.000

8T
l0T

1T
I5T 1.3

65 65.85 35 'lllN.
. r80- .500
500 " 1.000

tul
l2t

. 51
2I 1.45

7.0 7&90 38 MrN. .180-.500
.500- 1.000

t2T
147

2I
1T 1.6

A-5t / HIGH SIRINGTIT, ALLOY STIIL OUTNIt|ID AND
ftMPERID PI,AIES FOR PRESSURE VTSSILS

ilf l35 100 MtN. .t 80
OVER

000
000

6T
6T

2T
3T 3.1

A-537 ||IAI TREATED, CAIBON MANGAl.|ESFSII.ICOl'l
STEEL PI.ATE FOR NESSURT VESSIL ctAss I 70-90 50 i4rN. .t 80t.250

0vER 1.250
4T
6T

3T
4I 1.9

ct ASs tl 80r00 60 MtN. .t 80-
()VER

.250
250

6T
6T

4 l
5T 2.0

A-572 HIGH.STRENGTH IOW.AI.LOY IOIUMBIUM.VANADIUM
S]EEtS OI STRUCTURAi OUALITY

42 60 MIN 42 MtN. .t B0-.250
.250-.500

0I
2T

t.5T
11 1.4

50 65 MtN. 50 ̂ lN. .l 80-.250
.250-.500

2I
2I

2I
2.57 1.6

60 /5 MIN 60 l tN. .l 80-.250
.250.500

4T
4T

3T
3.51 t.8

65 BO MIN. 65 MtN. .t 80-.250
250-.500

4 l
6T

J.5 |
4T 1.9

4588 HIGl|.$R|l'lOTII I.OW.AI.IOY SIRUCTIJAT STEEL '/VITH
5O.OOO PSI MINIMUM YIITD POINT IO 4' T||I[K Ar.t 70 MIN 50 [4rN. .1 B0-.250

.25S.500
OT
2I

21
3T | . l

A-606 STITL SHIIT AND STRIP, ||OT ROLLTD AND IOLD
ROLtID, t]IGH.SIRINGTH, IOW.AI.LOY WITH
IMPROVED CORROSION RESISTANCI

H.R. /0 MtN. 50 MtN.
0-.062

.062-.250

.250".500

UI
101
l2T

l I
21
3T

1.7

T.R. ANNIAL.
NORM.

65 MtN. 45 '1llN.
0-.062

OVER.062
U I
t0T 2I 1.6

A-633 NORMALIZID ||I6H.S]RIN6TlJ LOW-ALIOY
SIRUOUMTSTEET

A-b
CD
E

63-83
/s90
80,100

42^4tl'l.
50 iUlN
6n iitN

0t.00
01.00
0t.00

l t l
121
T2I

II
2l
}I

1.6
1.7
1(r

A-656 HOT.ROLTED SNUCTUMI. STEEL, HIGH.STRINGTH I.OW.
AttOY SIEEL PLATI WITH IMPROVED FORMABITITTY50 60 MtN. s0 MtN. 0-.250

?{n- 750
8T
101

t l
l.5T 1.5

60 /0 MtN. 60 MtN. 0-.250
.250-./50

8T
lnT

]T
t{T 1.6

t0 80 MlN. 70 MIN 0-.250
? \0 .7 {0

8T
107

I T
I .5r 1 .8

80 90 MtN. 80 MtN. 0-.250
.250-./50

8T
t0l

I T
I .5r 2.1

E
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ASIM SPT(ITICATION TENSil.t
STREI{GTH

K.S.t.

YIEI.D
STRTNGTH

K.S.t.

MATTRIAI.
THICKNISS

INCHES

1{0MrNAr.
VTE DIE

0PEl,lll'lG

N0illtNAr.
UPPER DIT

RlDiltq
FORMABITITY

FAfTONNo. TYPT

Ar 008
STEEI.,

S||EEI COLD
ROLLED,
CARBON,

SIRUCTURAT,
HIOH.

SIRINGT|l
LOW.AI.tOY
AND HIGH.
SIRINGI|I
LOW.AI-LOY

WIT|l
IMPROVTD

FORMABILITY

t5 lype A, B, & C NOT SPETIFIED 20-40 ALL BT .0
DSTypeA&B NOT SPEcIFIED 22-35 ALL B] .0

uu5 N0t sPtltftill l:19 ALL 8I .0
EODS NOT SPEIIFIED 15-25 ALL B] .0

55: (jrode 25 2 MIN. 25 MtN. AtL 8I .0
SS: Grode 30 45 MIN 30 MtN. ALL B] .0

55: Gmde 33 ivpe I & 2 48 MIN, 33 MtN. ALL 8 l I . 0
SS: Grode 40 lype I & 2 52 MIN 40 MtN. ALL B] 1.0

SS: Grode 80 82 MIN BO MIN.

||S|AS: Grode 45 (loss I 60 MIN
45 MtN.

0-.r 80
.t 80.230

BT
107

'IT

I .57 1.5
||S|AS: Grode 45 Clos 2 55 MIN 0-.1 B0

.r 80-.230
8T
I0T

IT
1.57

HSLAS: Grode 50 tlos 1 65 MIN
50 MtN.

0  t 80
.t B0-.230

OT
2I

L5T
2I 1.6

HSLAS: Grode 50 tlos 2 60 MrN. 0-.i 80
.180-.230

OT
2T

1.5T
2T

HSLAS: Grode 55 Clos I /0 MtN.
55 MtN.

0".1 B0
. r B0-.230

2I
2I

2I
2.51 1.7

I]S[-AS: Gmde 55 CIos 2 65 MtN. 0-.1 B0
.r 80".230

2I
2I

21
2.51

[|S|AS: Gmde 60 Closs I 75 MtN.
60 MtN.

0-.r B0
I B0-.230

2I
4l

2.51
3T LB

HS|AS: 0rode 60 tloss 2 /0 MlN. 0-.1 B0
I 80-.230

2I
4T

2.51
3T

|ISI,AS:0rode 65 0os I BO MIN.
65 MIN

0-. r B0
I B0-.230

4T
4I

3T
3.57 l 9

flSLAS: Grode 65 0oss 2 75 MrN. 0-.1 B0
I 80'.230

4T
4I

3T
3.sT

I1S|AS: Grode /0 Closs I 85 MtN.
/0 MtN.

1 8 0
I B0-.230

r6l
161

4 l
51 2.0

HSI-AS: Grode 70 tloss 2 80 MrN. 0-.1 80
.180.230

167
167

41
5T

[|S|AS'F: Grode 50 60 MtN. 50 MIN 0-.230 t0T t.5T 1.5

I|SI"AS{: Grode 60 /0 MlN. 60 MtN. 0-.1 80
O\/ER .t 80

8T
t0T

t.5T
2T

1.6

HSLAS{: Grode 70 BO MIN. /0 MtN. 0 .1  B0
0vtR .1 80

OT
OT I

t.B

HSl,ASf: Gmde B0 90 MIN 80 MIN 0-.1 B0
0v[R .t 80

OT
2I

2I
2.51

2.0

The tensile and/or yield strength of many ASTM steels are specified as minimum values with no limit on the maximum, This chart is
based on the actual tensile strength and./or yield strengths 15,000 PSI above the specified minimum values. Steel exceeding this value
must be Iimited to thinner material than shown in the chart. The actual physical properties and chemical analysis of a steel may meet
more than one specification and,/or grade within a specification. In this case the capacities for the specification and/or grade with the
highest mechanical properties must be used. The ASTM specifications listed are those in effect 0n January 1, 2000.

NOTE: 1. The formability factors listed in the chart are based on a factor of 1.0 for mild steel with a tensile strength of 60,000 p.s,i,
and a yield strength of 40,000 p.s.i.

2. The ASTM specifications listed are those in effect January 1, 2000.
3. High strength low alloy steel and stainless steel should not be formed at temperatures below 50"F (10"C).

E

c
O

o

t5



ASTM SPTCITIftTION TENSil.I
STRTI{GTH

K q-t -

YIEI.D
STRTNGTH

lLs.l.

MATERIAI.
THI(KNESS

t1{ftts

N0mtilAr.
vtt Dlt
OPEI{ING

iloM[{At
UPPTR DIE
RADIIIS

f0RillABil.rTY
TACTOR

l{0. IYPE

A-t 0t I
S]FFI qHFFT

AND STRIg
HOT ROILED,
TARBON,

STRUCTURAL,
t|IGH.STRENGTH
LOW-ALI-OY AND
HIGH.STRINGTt|
LOWAIIOY WITI

IMPROVED
FORMABLITY

(S Tvpe A, B, & C NOT SPICIfIED 30-50 0-.230 BT IT 1 .0
DSTvoeA&B NOT SPEt|FITD 30-45 0-.230 8I IT 1.0
)): br00e JU 49 MtN. 30 MIN 0,.230 8i IT 1.1
SS: Grode 33 52 MIN 33 MtN. 0-.230 t0l t.5T l . t 5

SS: Grode 36 lvoe 1 s3 MtN. 36 MlN. 0-.230 l0T l.5T t . l 5
SS: Grode 36 Tvpe 2 58-80 36 MtN. 0-.230 l0T r.5T 1.3

SS: Grode 40 55 MtN. 40 MtN. 0-.230 21 2t 1.25
SS: Grode 45 60 MlN. 45 MtN. 0-.230 l2I 21 1.5
SS: Grode 50 65 MlN. 50 MrN. 0-.230 2I 2.57 1.6
SS: Grode 55 /0 MrN. 55 MtN. 0-.230 127 3T 1.7

HSLAS: Grode 45 Clos 1 60 MtN.
45 MtN.

0-.1 80
.r 80-.230

8T
t0T

IT
1.51 t.5

HSI"AS: Grode 45 tlos 2 55 MlN.
0-.1 80

.1 80-.230
8T
l0T

I I
t.5r

HS|AS: Grode 50 Closs I 65 MrN.
50MtN.

0-.1 80
.t 80-.230

OT
2T

t.5t
21 1.6

HS|AS: Grode 50 Clos 2 60 MtN.
0-.t B0

.r 80-.230
OT
2I

t . l l

2l

HS|AS: Grode 55 Clos I /0 MtN.
55 MIN

0-.1 80
.1 80-.230

2I
21

21
2.sI 1.7

HSLAS: Grode 55 Closs 2 65 MtN.
0-.1 80

.t 80-.230
2T
21

21
2.51

HSIAS: Grode 60 [los I /5 MlN.
60 MIN

0.180
.1 80-.230

121
l4r

2.5r
3T LB

HSLAS: Grode 60 tloss 2 /0 MlN.
0-.1 80
1 80 .230

t2T
t4r

2.51
31

liSI-AS: Grode 65 tlos I BO MIN.
65 MrN.

0'.1 B0
.t B0-.230

t4T
t4T

3T
3.57 1.9

HSI,AS: Grode 65 tlos 2 75 MlN.
0-.1 80
r B0-.230

4T
4T

3T
3.51

HSLAS: Grode /0 (los I 85 MrN.
/0 MrN.

0-.r 80
.1 80-.230

6T
6i

4T
5T 2.0

HS|AS: Grode 70 Clos 2 BO MIN.
0-.1 80

.r B0-.230
6T
6T

4T
5I

I1S|AS{; Gmde 50 60 MtN. 50 MtN. 0-.230 OT I .5I 1.5

llS|AS-F: 0rode 60 /0 MtN. 60 MtN. 0 .180
OVER .I BO

8T
l0T

r.5l
2t 1.6

||S|AS{: Grode 70 80 MtN. 70 MtN. 0-..l B0
0\/[R .1 80

t0T
r0T

2I
2.51

1 .8

HSLASf: Grode 80 90 MIN 80 MrN. 0-.1 80
o\/ER .t 80

l0T
l2l

2I
2.57 2.0

MATTRIAI TYPT
Iil{Sil.1

STRTlIGTH
K.S.t.

YITTD
SIRTNGTH

K.S.t.

MATERIAT
THICKlITSS

[{(Hts

N0illrt{At
vtt Dlt
0Pt1{lNG

iloffi1{Ar
UPPTR DII
RADIUS

FORMABII.ITY
FAOOR

S]AINLESS
STIIL

302
304.3041.316. & 316t

80"90 30-40 0-.500
.s00t.000

8T
t0I

I I
1.57

t.3

AIUMINUM

3004-1134 35 TYP 2I TYP 0-.1 25
.r 25-.r 88

8T
t0T

I I
1.5-37

0.6

5052-H32 33 TYP 28 TYP 0-.03r
.031-.062

8T
t0T

IT
2I

0.7

606r{6 42 IYP 37 TYP 0-.031
.03r-.062

8T
l0I

IT
2I

0.8

3

tr
O

o
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ln Jan of 2000 new ASTM Specifications 41008 & A1011 replaced several old ASTM Specifications. The
chart shown here is a cross reference between the old and the new specifications.

aslt sPtc
l{0. GRADI PRtvtous sPEc

Ar 008
COLD

R0U.ED
Sl|ETT

CS lype A
tS Type B
CS lype C
DS Type A
DS Type B

DDS
EDDS

)5: br00e l5

SS: Grode 30
SS: Orode 33 Type I
SS: Grode 33 Type 2
55: Grode 40 Type I
SS: Grode 40 Type 2

SS: Orode 80
HS|AS: Gmde 45 ilos I
tiSIAS: Grode 45 Clos 2
HS|AS: Grode 50 tloss 

'l

HS|^AS:0rode 50 Clos 2
HSLAS: Grode 55 CIos I
I1S|AS: Gmde 55 Closs 2
HSLAS: Grode 60 Clos I
l|SLAS:0rode 60 Clos 2
HSLAS: Grude 65 Clos 1
|"IS|AS: Grode 65 (los 2
HSLAS: Grode 70 Clos I
[|S|AS: Grode /0 Closs 2

HStASf: Grode 50
HS|AS-F: Gmde 60
tlS|AS.F: Grode 70
HSLAS-F: Orode 80

4.366

A-620
A-963
Ar69

AT11 GRA
ATII  GR B

A-61 I 6R C lype I
A-61 I GR C Type 2
A-61 I 6R 0 Type I
A.5l I GR D Type 2

A.6I I GR E
A-607 GR 45 flos I
A.607 GR 45 tloss 2
A-60/ GR 50 Clos I
A-607 6R 50 0oss 2
A-607 GR 55 Clos I
A.60i GR 55 Closs 2
A.60/ GR 60 Clos I
A-607 GR 60 Clos 2
A-607 0R 65 Clos I
A-607 GR 65 Clos 2
A.60i 0R 70 Clos I
At0i GR /0 Closs 2

A-/l 5 GR 50 .
A-/15 GR 601
A{,15ff ZO,

. . A'7t$ GR80 i',

cs = (oMMtRoAtsIEEt
D5 = DRAI|I|INOSIEEI.
DDs = DITP DRAWING STEET
TDDS = ENRA DEEP DRAI/\|I]'|G sTEII,
55 = STRUOURALSTEEI
HSTAS = |||GH-SIRENGIHL0W-A|-LOYSTItt
HSI.AS-F = l|IGtl.SIRI1'lGTl| TOW-AI.TOY $EEL WITI| IMPROVID FORMAOITIIY

A t0 l l
HOT

R0u.ED
St|EET

cS Tvpe A
[S.lype B
CSlwe(

3ivrlu) typo u
55: Oiode 30
)): t f00e JJ

SS: Grode 36 Type 1
SS: Grode 36 Type 2

SS: Grode 40
55: 0rode 45
5S: Grode 50
)): trlooe ))

HS|AS: Grode 45 Clos I
HS|"AS: Grode 45 0oss 2
l|SLAS: Orode 50 Closs I
I|SI,AS: Grode 50 (los 2
HSLAS: Grode 55 Clos 1
HSLAS: Grode 55 Closs 2
[|S|AS: Grode 60 [|os I
H5LA5: Orode 60 Closs 2
HSTAS: Grode 65 (los I
HSIAS: Orode 65 Clos 2
HSLAS: Grode /0 Clos I
||SLAS: Orode 70 Closs 2

HSTAS{: Grode 50
HSLAS-F: 6rode 60
HSLAS-F: Grcde i0
H(l [(-F' Grnrlc 80

: , 
'A:16!,

: . . . : 1 , .

k622
A-5i 0 GR 30
A"570 GR 33
A-570 GR 36

A-5i0 6R 40
A-570 GR 45
A.s70 GR 50
A-5/0 GR 55

A-607 GR 45 tloss I
A"60i GR 45 tlos 2
A-607 GR 50 Clos I
A-60/ GR 50 Clos 2
A-607 GR 55 tloss I
At0/ GR 55 Clos 2
A-607 GR 60 Closs I
A-60i 6R 60 tlos 2
A.607 GR 65 0os I
A.60i GR 65 tlos 2
A-607 GR 70 iloss I
A-60/ 0R 70 Clos 2

A-/t 5 GR 50
A-71 5 6R 60
A-/l 5 GR 70
t.7] ( cP nn o
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ASTM SPTC PRODUCER AND PRODUfi NAME

N0. GRADE TYPE
AffiE

srtlr (0.
A[GOMA
SIEET INC.

AK
SITET (ORP.

BETH[EHEM
STEET CORP.

ISPAT INTAND
STTET CORP.

uv
STEET CORP.

A242 SIRUCTUAI COR.TEN A & B MAYARI R

A5t 4
OUINCH
& TEMPER ALGOMA IOO

t ' l

"T.I A, T-I B'
N-A.XTRA

A5l 7
OUE}lItl
& IEMPER

TI
,ItA, T.18"
N.A.NM

4572

42
50
60
65

STRUCTUAL

A42YO
A5OYO
A6OYK
A65YK

A|-G0M{S A5/2-42
ALGOMAS 457}50
ALGOMAS A572TO

A-572-42
A"572-50
A-572 60
A-57?-65

I.TV 42 XK M
LIV 50 XK
LTV 60 XK

ITV 65 XF M

A588 SIRUOUAI, IOR{EN B AI6OM{S A588 GR A
Nfini,lt'\ d{RR Gp R

4606 SHIIT SHEET IOR{EN A ALGOMAS A6O6 IYPE4 MAYARI R
B45W(

4633

A
t
D
E

SNUCTUAI

Ar.G0fil{S A633 0R A
AI.6OM{S 4633 GR C
ATGOM{S 4633 6R D RQG6O(N)

4656

50
50
70
BO

PI,A]I

ALGOM{S 4656 GR5O
ATGOM{S A656 GR6O

BEIHSTAR 50
BEIHSTAR 60
BITHSTAR /O
BITHSTAR BO

A656 Gr 50
A656 Gr 60
A656 Gr /0
4656 Gr B0

At 008

HSLAS: 0rode 45 Closs I
||Sl-ASr Grode 45 (loss 2

COLD
ROTLID
SliIIT

A45Y0
A45YK

Cbl\l 45 FORMABTE 45 B45XO
B45XK

INX45
tIV 45 XK

||SLAS: Orode 50 Closs I
llSLAS: Gmde 50 0oss 2

A5OYO
A5OYK

cblv 50 t0RMABl_i 50 B5OXO
85OX|(

lNX.50
I1I'FORM 5O tTV 50x|(

HSI"AS:0rode 55 (los l
HSI-AS: Grode 55 tloss 2

A55YO
A55Y|(

(bA s5 rORMABLt 55 B55XK rNX-55

tiSLAS: Grode 60 Closs
H\ l t \ 'Grndp A0 f lnsc

A6OYO
A6OY|(

cb^ 60 r0fiMABtt 65 860X( INXTO
Hr+0RM 60 LTV 6OXl(

I1SIAS: Orode 65 tloss 1
I|S|AS: Orode 65 (loss 2

A65Y( cb^65

HSHS:0rode 70 (loss I
||STAS: Grode /0 (los 2

A/OYK B/OX( [|I+0RM 70

|lStAS.F: Grode 50
ASOXI

AMOTORM 50B
FORMABI.E 5O B5OXI I|I.FORM 50 tTV 50 XF

Ar"G0r0RM 50r

tlSllS.F:0rude 60 A6OXF ALGOIORM 608
ALGOFOR/\/1 6OI

r0RMABr.t 60 B6OXI Hl-t0RM 60 tTV 60 Xt

HSI,AS{: 6rode 70 ATOXF B/OXF t1r{0RM 70 t-TV /0 xf

HSl,ASf: Grode 80 ASOXF BSOXI tTV 80 Xf

A10t I

HS|AS:6rode 45 Clos
HSI-AS: Grode 45 Oos

l|OT
ROLt[D
SHIET

A45YO
A45YK

cb/u 4s FORMABLE 45 B45XO
B45XK

tNX"45
LTV 45XK

HSLAS: Grode 50 Clos
|lSLAS: Grode 50 tloss

A5OYO
A\0Y(

cbl\i s0 FORMABLI 5O B5OXO
B5OXK

tNX-50
HI.FORM 5O I.TV 5OXK

||S|AS: Grode 55 tloss
||SI-AS: Grode 55 0oss

A55YO
A55YK

cbl\/ 55 FORMABLI 55 B55XK tNX-55
LTV 55XK

HS|AS: Grcde 60 tloss
HSLAS: Grode 60 Closs

A6OYO
A5OYK

cblv 60 FORMABLE 65 B6OXK tNX-60
||t+0RM 60 LTV 6OXK

tjSI-AS: Grude 65 tloss
HSIIS: Gmde 65 Closs

A65YK cb/u 6s
HSLAS: Grode /0 Closs
HSI-AS: Grode /0 Closs

ATOY( B/OXK HI-FORM 7O

HSI,AS{: Grode 50 A5OXF
ALGOFORM 5OB

FORMABTE 5O B5OXF |lI FORM 50 LTV 50 Xf
ALGOFORM 5OF

HS|AS-F: Grode 60 A6OXF ALGOIORM 60B
ALGOIORM 60F

FORMABIT 6O B6OXF HI-FORM 6O I"TV 60 XF

HSLAS{: Grode 70 A/OXF B/OXF Hl+0RM /0 LTVO/O XF

HSLAS{: Gmde 80 ABOXF BSOXF LTV BO XF
O

o

T8



ASTM SPEC PRODU(IR AND PRODUCT NAME

N0. GRADE IYPT
I{ATIONAt

SIETI. CORP.
ORTGAN

sIEEt tMttts
ROUGE

sTEEt (0. usx srrEr
WHTTtINg-PITT.

STETI. CORP.

4242 $RUOUAL NAX.l|IGH IENSITE ORIGON'S A242 COR.TIN A

A5t 4
OUENIH
& TEMPER

ORIGON'5 A5I 4
B . E , F , & H

T"t
T,I A
T.I B

451 /
OUIl.lCt|
& TIMPIR

ORIGON'S A5I /
B , r , l , & t |

T.l
I-1 A
T.I B

4572

42
50
60
A q

STRUCTUAL

GtX.42W
Gt_x-50\.{/
GI.XTOW
GI X.6 5W

4572-42
A572"50
l\572-60
A\71.4 \

EX{EN 42
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Punrhing-Tons Required Per Hole For One level Punching

Thickness Hole Diametet

GaugeInch .125 .188 .250 .312 .375 .438.500 .562 .625 .688 .750 .812 s7L ffi ffi
20 .036 .35 .71 .BB 1 .1 1.2 1 .4 1 .6 1 .8 1 .9 2.1 2.3 2.5 2.7 2.8

18 .048 .47 .71 .94 1..2 1.4 1 .7 1.9 2.4 2.6 d.8 ffi"ffir*3.57'ffi.
t o .060 .59 B9 1.2 1 .5 1 .8 2.1 2.4 2.7 2.9 3.2 3.5 3.8 4.1 4.4 4.7

14 .075 .74 1 .1 1 .5 1 .9 2.2 2.6 2.9 3# ',7, -Wfu{. 4 ffi" 5.5 5,9

12 . 105 1.0 1 .6 2.1 2.6 J . O 4.1 4.7 5.2 5.7 o . t 6.7 7.2 7.7 8.3

11 .120 1.2 1 .8 2.4 3.0 3.5.-s-4w"4., ffi-*& tfusYT 7.7 8.3 8.8 9.4

10 2.0 2.7 J . J 4.0 4.6 5.3 o.u 6.6 8.0 u.o 9.3 10 .010 .6

.188 2.8 3.ftw%ffi *dF.o %,tih,k, g.i"' 9.2 10.211 .112.012.9 13.8 14,8

.250 4.9 6.2 7.4 8.6 9.8 11 .0 12.3 13 .514 .816 .017.2 18 .519.7

.375 dN +:e.H
,,#*,, t olhl*i lr.'i''13.014.8 16.6 18.5 20.3 22.124.0 25,8 27.729.5

.500 17.2 19.7 22.1 24.6 27.1 29.5 32.034.4 36.9 39.4

ffi'w- h L. -"*4qdd'i'* 30,833.836,940.043.0 46.1 49.2

.750 44.348.0 55.4 59.0

Punching mild steel plate-shear strength of 50,000 pounds per square inch. One ton = 2,000 pounds.
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For manyyears it has been common
practice to use a press brake for occasional
punching jobs. The Punching Tonnage

Chart shown above indicates the load

required to punch round holes in ordinary

mild steel. The tonnage is calculated by

multiplying the area being sheared times

the shear strength of the material. For

example, the load required to punch a 2"

diameter hole in I/4" (.250") mild sbel plate:

Diameter x n = the circumference

of the circle.

Thickness x circumference = the

arcaof material being sheared.

Use 50, 000 psi (25 tons/inch 2)for

mild $eel.

Punching load = 2" xnx .250x

25 tons/inch 2 = J).ZJ tons.

The shear strength of steel canvary

between 75%t080% of the actual tensile

strength of the material. To determine the

load, it is best to use 80% of the actual

tensile strength of the material . If amalnial

has a 70,000 psi minimum tensile, it is

best to add 15,000 psi to obtain the probable

range of tensile strengths

<-PUNCH

Figure ll-tleurunce between punch and die

Cleorunce (Figure | 0l
There must be clearance between the

punch and die just as a shear has

cleanncebetween the upper and lower

knives. The ounch determines the hole

size and should be made to the exact

diameter that is required. The die button

contains the hole diameter plus the

necessary clearance. For best results on

mild steel, the clearance between the

punch and die alallpoints should be

from 5% to 7% of the metal thicknes. In

other words, the die should be 10% to 14%

of the metal thickness larger than the
punch. The clearance could be different

for various [pes of material.

limitotions of the Press Broke
Since punching consists of a shock

load (rapid build up of force followed by

an immediate release of the load as the

malnrlral, fr acture$ Cincinnati Incorporated

recommends only using a punching load

upto2/J of the marimum rating of the
press brake when punching mild $eel. This
"punching" rating will normally allow

sufficient safety to minimize abnormal

machine maintenance.
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Punching higher tensile (70,000 psi or

higher) materials will require added

considerations. The amount of penetration

to punch a hole in high tensile $eel is

much less than the penetration in mild

steel (e.g. mild steel = penetration of 1/3

metal thickness; hi$er tensile = penetration

of only 15% of.metal thickness). The

buildup and release of the load is more

rapid and has a greater shock effect on the
press brake. Cincinnati Incoryorated

recommends limiting tonnage buildup to

1/2 of the maximum press brake capacity

when high tensile steel is being punched.

In punching applications where die sets

are used orwhere special machine features
(e.g. wrde bed, deep throat, etr.) arcrequired,
consult Cincimati Incorporated Engineering

for an eval'tation of the part involved.

It has been found that if the number
of holes to be punched results in the

recommended punching rating of the
press brake being exceeded, punches in

the die set can be "stepped." Ifpunches

hit the metal at two levels, approximately
I/2 netal thickness apatl, a maximum
pLrnching load can be bLrilt up, relea^sed,

encl a seconcl loaclbuilt up ancl relelned in

the sanre stroke wrthoLrt drurage to the
press brake.

Stepping of the punches can bc
rtcconrplishecl b1, rnaking the punches

ditferent lengths, shinrrning under the
pLurches, or making steps in the die set.

lhe punching lozid nrust continue kr

be svnrnretrical.

lt is norrlal for sheet metal being
puncited to stick tightl,v to the punch as it
moves upward :Lfter the hoie is punched.

N o t e :' l'h e p t tn c h tn u s t ttt 0 t' e d0 tt tt'tLt ct rcl
lhrough the metrtl to ertsure the

slug is ptnhed through lhe hole.

Springs, rnetnl hooks. pob,nrethane

or rttbber are narmctll't- tnetl to

strtp the metal olf the punch. Tltis

.force tctkes Jilm 2"/,, to 5o/,, of the
punchingJorce.

Typical punching units with
strippers shown shaded

figure l2-Stripping metolfrom the punches

'l'he maximum stripping load of a
press brake is limited to 10% of the
pLrnching capacihr Norrnally this is not a
problem unless 'stepping ls used. Then,

all of the holes being punched in one

stroke are stripped from the punches

during the upstroke of the press brake.
The stripping load will be a percentage of
the entire punching 1oad.

ln ll
+t-1-!
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SINGLE LEVEL

2 l

112 Melal thickness

Figure II-Stepping of punthes




