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IMPORTANT ORDERING & INQUIRY INFORMATION
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when calling our Sales Executives that you have as much of the following information as possible:
1. Delivery (Immediate or Future), 2. Alloy or Grade (Required or Alternate), 3. Specification (Material, Heat Treatment, Testing,
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The information in this reference manual is correct to the best of our knowledge. We assume no responsibility for errors or
omissions. All Metals & Steel publishes this Reference Manual for our customers and reserves the right to add or delete infor-
mation without notification.

Copyright © 2002-3 All Metals & Forge, LLC • All Rights Reserved • Copyright Registered with United States Copyright Office, The Library of Congress,
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Any unauthorized use of copyright/trademark material will be prosecuted to the full extent of the law.
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How Forgings Are Made

A. Starting stock, held by manipulator
B. Open-die forging
C. Progressive forging
D. Lathe turning to near net shape

1. The ring rolling process typically
begins with upsetting of the starting
stock on flat dies at its plastic defor-
mation temperature...in the case of
grade 1020 steel, approximately
2200 F. 

2. Piercing involves forcing a punch
into the hot upset stock causing
metal to be displaced radially, as
shown by the illustration.

3. A subsequent operation, shearing
serves to remove the small punchout

4. ...producing a completed hole
through the stock, which is now
ready for the ring rolling operation
itself. At this point the stock is called
a preform.

5. The doughnut-shaped preform is
slipped over the ID roll shown here
from an “above” view.

7....resulting in a thinning of the section and correspondence increase in the
diameter of the ring. Once off the ring mill, the ring is then ready for second-
ary operations such as close tolerance sizing, parting, heat treatment and
test/inspection.

6. A side view of the ring mill and
preform workpiece, which squeezes
it against the OD roll which imparts
rotary action...

A. Starting stock
B. Preliminary upsetting
C. Progressive upsetting/forging to

disc dimensions
D. Pierced for saddle/mandrel ring preform

A. Preform mounted to saddle/mandrel
B. Metal displacement reduce preform

wall thickness to increase diameter
C. Progressive reduction of wall thickness

to produce ring dimensions
D. Machining to near net shape
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Close cooperation between buyers
and producers of forgings has
always been a vital part of achieving
the best possible product at the best
possible cost. With recent major
advances in forging methods and
materials improvements, this collabo-
ration is more critical than ever
before. By keeping abreast of these
advances, and working closely with
the forger, the engineer or buyer can
ensure delivery of high-quality prod-
ucts with important cost savings.

Despite its long history and the many
technological developments that
have taken place in recent years,
forging still involves a good deal of
artistry. Even as product designers
and industrial buyers learn more
about shaping of metals, there is still
much to be gained from bringing the
forger into the design and specifica-
tion phases of product development.

Of course, such basic questions as
whether a given part can or should
be forged must be addressed at an
early stage. There are many
instances when any of several
processes can be used to produce
the component in question.

Once it has been determined that a
product or component requires the
strength, toughness, dimensional
accuracy and overall integrity of forg-
ing, there is still the question of
which forging process - open die,
impression die, ring rolling, etc. - is
most appropriate. Usually, this deci-
sion is straightforward, based on part
size, configuration and quantity
required. However, to help in those
situations when the choice is not so
clear cut, the forging buyer should
have at least a general knowledge of
methods and equipment used in the
industry.

Besides a general knowledge of
forging, the buyer should also have a
clear idea of what he or she specifi-

cally requires and how readily his or
her needs can be met by individual
forgers. Capabilities can vary dra-
matically from one company to
another. For instance:
--Does the forger have experience in
applications similar to the one being
considered?
--Is design assistance offered?
--Does the forger have the equip-
ment required to produce the part?
--Is the forger able to provide related
services like heat treating, machin-
ing, testing and so on?
--Is the forger accustomed to produc-
ing the volume required?
--Does the company specialize in
long runs, short runs or quick deliv-
ery?
The answer to these and other ques-
tions will help narrow the field to a
few qualified forgers. Then, the
buyer can begin to take advantage of
the valuable technical and design
assistance available from these forg-
ing experts.

THE DESIGN CONFERENCE
An experienced and capable forging
company engineer should be able to
make design suggestions to consoli-
date components, simplify process-
ing, reduce required machining,
speed delivery and so on. It may be
possible to achieve forging’s high-
level performance benefits without
significantly increasing material or
production costs over those associat-
ed with other processes.

The key is to get the forger involved
early. The benefit derived from con-
sultation will vary with the complexity
of the part and the forging process
involved. For instance, impression
die forgings may benefit somewhat
more dramatically than open die
products. However, the ideal first
step toward getting the most from a
forged part is to form a team consist-
ing of the product designer, the pur-
chasing manager and, possibly, a
quality-control or manufacturing rep-

resentative. Then this team should
sit down with a technical representa-
tive of the forging company while the
product or component design is still
being evaluated.

The focal point in these early meet-
ings with candidate forgers should
be an engineering drawing. The part
print should be fully detailed, show-
ing finished dimensions and toler-
ances. If the forging is to be deliv-
ered in a rough-machined or as-
forged state, the required machining
envelope should be clearly specified.
In many cases, it can be advanta-
geous to provide a drawing that
shows how the forged part will mate
with other components in the fin-
ished assembly.

Another critical part of these early
design meetings should be the serv-
ice requirements of the application.
The forger needs complete informa-
tion on how the forging will be used,
the operating environment, and criti-
cal mechanical properties. A thor-
ough understanding of service
stresses - load-bearing, power trans-
mitting, impact, hydraulic pressure,
high or low temperatures, corrosive
conditions - and the stress location
can allow the forging engineer to
make design and process sugges-
tions that can result in an improved
product and reduced manufacturing
costs. For instance:

--Material Selection...Often, alterna-
tive carbon- and alloy-steel grades
can produce similar mechanical
properties, depending on forging
design, heat treatment, and so forth.
Specifying property levels beyond
those actually required by the appli-
cation can significantly increase
costs. The best economy is achieved
when tensile, hardness, impact and
other mechanical properties are real-
istically based on the service require-
ments of the component being
designed. Once these realistic prop-
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Forging Materials & Capabilities

MAX. O.D.=72”

SHAPE SIZE/
WEIGHT

NICKEL,
COBALT &
SPECIAL
ALLOYS

FERROUS ALLOYS NON-FERROUS ALLOYS
Carbon, 

Alloy & Tool
Aluminum, Copper,

Magnesium
TitaniumStainless

FLAT BAR BLOCKS

CYLINDERS / SLEEVES

MAX. WIDTH=72”

MAX. WEIGHT=
40,000#

MAX. LENGTH=
96”

MAX. DIA.=80”

MAX. WEIGHT=
40,000#

MAX. O.D.=160”

MAX. LENGTH=
65”

MAX. LENGTH=
220”

MAX. WEIGHT=
40,000#

72”

40,000#

72”

96”

80”

40,000#

160”

65”

220”

40,000#

60”

25,000#

72”

96”

80”

40,000#

160”

65”

220”

40,000#

27”

15,000#

50”

65”

50”

20,000#

84”

40”

144”

20,000#

60”

10,000#

72”

96”

80”

15,000#

80”

65”

220”

10,000#

65”

15,000#

52”

65”

65”

10,000#

80”

65”

144”

10,000#

Carbon
1020
1022
1023
1025
1026
1029
1030
1035
1040
1045
1055
1070
Alloy
2315
2340
2515
3140
3145
3150
3310
3312
3315
4015
4017
4020
4023
4085
4112

4115
4120
4125
4127
4130
4135
4140
4142
4145
4150
4155
4160
4215
4320
4335
4340
4615
4620
4630
4640
4720
5150
52100
6120
6140
6145
6150
6170
6470

7290
8140
8150
8160
8615
8617
8620
8630
8640
8642
8645
8720
8735
8740
8750
9115
9260
9310
9315
9317
9430
9840
9850
Tool
A2
A6
A10
D2
D3

D5
D6
H11
H12
H13
H21
H26
H43
M2
P20
S1
S5
S7
T1
W1
W2

Special Grades
D6AC
HY80 • HY100
F-11(1 1/4 CR-1/2 MO)
F-22(2 1/4 CR-1 MO)
F-5(5CR-1/2MO)
17-22-A
17-22-AS
17-22-AV
Nitralloy 135N
LF1 • LF2 • LF3 

Aluminum Alloys
2014
2024
2219
5083
5086
6061
6063
7049
7050
7075
7079
7175
Copper Alloys
Alum Brz C613
Ni Alum Brz
C623, C624
C630, C632
Copper Ni
C706(90/10)
C715(70/30)
Magnesium Alloys
AZ80
AZ61A
ZK60A
AZ31B

Titanium Alloys
Commercially Pure
4AL-3MO-1V
4AL-4MN
5AL-2.5SN
6AL-2SN-4ZR-2MO
6AL-2SN-4ZR-6MO
6AL-4V
6A1-6V-2SN
7AL-4MO
8AL-1MO-1V
13.5V-11CR-3AL
Ti17

409
410
414
416
418
(Greek
Ascoloy)
420
422
429
430F
431
440A,C
442
446
501
502
PH
Grades
13-8MO
15-5PH
15-7MO
17-4PH

Nickel, Cobalt,
Special Alloys
A-286 • AM-355
Cust. 450, 455
Ferralium 255
Hastelloy B2, C276,
N, W, X
Haynes 188
Haynes 230
Incoloy 800, 825, 901
Inconel 600, 601, 617,
625, 690, 702, 706,
718, 722, 725, 750,
751, 800, 825, 903
Invar 36, 42
Jethete M152
Kovar, Rodar
L605 (Haynes 25)
Maraging 250, 300,
350
Monel 400 (reg.) 
Monel 500 (K)
Nickel 200, 201
Nitronic 40 • 50 • 60
N155
Nimonic 75 • 80 • 90 
Rene 41 • 125
Udimet 500, 700
Vascojet 1000
Waspalloy
Zirconium
20 CB

Stainless 
Steel
300 
Series
302
303
304L
309
310
314
316L
317L
321
322
329
330
333
347
348
400 & 
500
Series
403
405

DISCS /  HUBS

RINGS, ROLLED OR HAND FORGED

ROUNDS / SHAFTS
(with steps or flanges)

GRADES OF BILLET MATERIAL INSTOCK OR AVAILABLE FROM MILL DEPOT
(If your required grade is not shown, call for assistance)
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PROBLEM

Cost Saving Tips
SOLUTION $ SAVINGS+ =

RINGS
Flame cutting a ring from plate is not
economical when meeting material
requirements.
• Flame cutting, all corner stock and
the full center slug is lost even
though you pay for it.
• As desired thickness of the ring
increases, availability of plate sizes
and grades drastically decreases.
• Uni-directional grain flow of plate
increases susceptibility of ring to
fatigue failure.

A custom forged ring allows greater versatility and
improved quality while reducing material cost.
• The forging process moves and shapes material to
ordered ring size with minimal material waste.
• Required ring thickness has no effect on the virtually
limitless combinations of sizes and grades available. 
• The porosity and laminations sometimes encountered
in plates is eliminated with a custom forged ring.
• Contoured grain flow within forged ring yields combi-
nation of strength, toughness and fatigue resistance.

30% MATERIAL SAVINGS
Material=4340
Finished Size=46 5/8” O.D. X 

26 1/4” I.D. X 4 1/8” FACE
Materials Needed to Produce=

Forging=2,015 lbs.
Plate=2,865 lbs.

56% MATERIAL SAVINGS
Material=1021
Finished Size=22 5/8” O.D. X 

17” I.D. X 9” FACE
Materials Needed to Produce=

Forging=700 lbs.
Plate=1,580 lbs.

59% MATERIAL SAVINGS
Forged Sizes=4” O.D. X 

20” Face, Hub on side 9” O.D. X
4 1/2” Projection

Weight=346 lbs.
Plate Size=20” Square X 7 1/2”
Thick
Weight=850 lbs.

43% MATERIAL SAVINGS
Forged Sizes=18 1/4” O.D. X 

3 7/8” Face, Hub on side 10 5/8”
O.D. X 6 1/8” Projection with a 3”
I.D. through
Weight=421 lbs.
Bar Size=18 1/4” O.D. X 10” Long
Weight=741 lbs.

64%  SAVINGS
Forged Sizes=18 1/4” O.D. X 

16 1/2” Long, Step 11 1/4” O.D. X
8” Long, Step 6 3/4” O.D. X 
48” Long

Weight=1,935 lbs.
Bar Size=18 1/4” O.D. X 72 1/2”
Long
Weight=5,375 lbs.

49% SAVINGS
Forged Sizes=4” O.D. X 

13 1/16” Long, Step 6 1/2” O.D. X
9 3/4” Long, Step 4” O.D. X 
19 13/16” Long

Weight=205 lbs.
Bar Size=6 1/2” O.D. X 42 1/4” Long
Weight=400 lbs.

Custom forging the bar to form a step down lowers the
cost for a value added part.
• Forging requires less starting material, thus saving
cost on excess material waste.
• Less machining saves money, time and tool life while
producing a closer-to-finish shape
• Freight and handling costs are lowered because the
forged step down weighs less than the bar
• Contoured grain flow within forged step down yields
greater impact and directional strength. 

Custom forging of hub shapes improves quality, lowers
material costs and offers maximum flexivility.
• As it requires less material from the start, forging
saves on both material and freight
• The forging process requires simple tooling yet can
produce virtually limitless combinations of single or
double hub sizes.
• Reduces machining saves time, labor, and tooling
costs and forging produces a nearer net shape.
• The optimum combination of strength, toughness,
and fatigue resistance in the hub is achieved by the
continuous grain flow which comes through forging.

BARS & SHAFTS
Matching a solid bar to form a step
down causes expensive use of
material, labor and time.
• When machining the step down, all
excess material, as shown here, is
lost.
• Machining time, tool life and freight
costs are expensive.
• Grain flow within the bar is
exposed when machined, thus mak-
ing the material more susceptible to
fatigue failure.

HUBS
When hub shapes are achieved
through machining solid bar stock or
flame cutting plate, waste is an
expensive part of the process.
• When machining a shape from
solid bar or flame cutting plate, all
excess material is lost. See the
illustration below.
• Machining or flame-cutting means
costly machine time, lowered tool
life, and increased freight costs.
• Most importantly, the uni-directional
grain flow of both bar and plate
increases the likelihood of fatigue
failure.
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Age-An operation in which forgings are subjected to low temperature
treatment for specific periods of time to effect the complete or partial
precipitation of the solutes in the alloy, resulting in controlled hardening
of the metal.
Age hardening (aging)-The latter part of a two-step heat treating
operatin applied to certain alloys for strengthening and hardening (See
also Solution heat treatment). Aging involves heating to a relatively low
temperature for a specified period of time, and results in controlled pre-
cipitation of the constituent dissolved during the solution heating treat-
ment.
Aging-The change in the properties of a metal that occurs at relatively
low temperature following a final heat treatment or a final cold working
operation: aging tends to restore equilibrium in the metal and eliminate
any unstable condition induced by a prior operation.
Aircraft quality-Denotes stock of sufficient quality to be forged into
highly stressed parts for aircraft or other critical applications. Such
materials are of extremely high quality, requiring closely controlled,
restrictive practices in their manufacture in order that they may pass
rigid requirements, such as magnetic particle inspection (Ref: Aerospace
Material Specification 2301).
Air-lift hammer-A type of gravity drop hammer where the ram is
raised for each stroke by an air cylinder. Because length of stroke can be
controlled, ram velocity and thus energy delivered to the workplace can
be varied.
Alloy-A material having metallic properties and composed of two or
more chemical elements of which at least one is a metal. In practice, the
word is commonly used to denote relatively high-alloy grade of material
- for example, “alloy” steels as differentiated from “carbon” steels.
Materials are alloyed to enhance physical and mechanical properties
such as strength, ductility, and hardenability.
Annealing, full-A heat-treating operation wherein metal is heated to a
temperature above its critical range, held at the temperature long
enough to allow full recrystallization, then slowly cooled through the
critical range. Annealing removes working strains, reduces hardness,
and increases ductility.
Auxiliary operations-Additional processing steps performed on forg-
ings to obtain properties, such as surface conditions or shapes, not
obtained in the regular processing operation.
Axial rolls-In ring rolling, vertically displaceable, tapered rolls, mount-
ed in a horizontally displaceable from opposite from but on the same cen-
terline as the main roll and rolling mandrel. The axial rolls control the
ring height during the rolling process.
Backward extrusion-Forcing metal to flow in a direction opposite to
the motion of a punch or die.
Backing arm-A device for supporting the ring rolling mill mandrel from
above during the roll process.
Bar-A section hot rolled from a billet to a form, such as round, hexago-
nal, octagonal, square, or rectangular, with sharp or rounded corners or
edges, with a cross-sectional area of less than 16”; a solid section that is
long in relation to its cross-sectional dimensions, having a completely
symmetrical cross section and whose width or greatest distance between
parallel faces is 3/8” or more.
Bed-Stationary platen of a press to which the lower die assembly is
attached.
Bend-Operation to preform (bend) stock to approximate shape of die
impression for subsequent forging; also includes final forming. Bend or
twist (defect)-Distortion similar to warpage, but resulting from different
causes; generally caused in the forging or trimming operations. When
the distortion is along the length of the part, it is called “bend”; when
across the width, it is called “twist”. Low-draft and no-draft forgings are
more susceptible to bending, as they must be removed from the dies by
some form of mechanical ejection. Dull trimming tools and improper
nesting will cause bending in the trimming operation. When bend or
twist exceeds tolerances, it is considered a defect. Corrective action
entails either hand straightening, machine straightening, or cold
restriking.
Bending-A preliminary forging operation to give the piece approxi-
mately the correct shape for subsequent forming.
Billet-(1) A semi-finished section hot rolled from a metal ingot, with a
rectangular cross section usually ranging from 16-36”, the width being
less than twice the thickness. Where the cross section exceeds 36”, the
term “bloom” is properly but not universally used. Sizes smaller than 16”
are usually termed”bars”; a solid semi-finished round or square product

which has been hot worked by forging, or extrusion. (2) A semi-finished,
cogged, hot-rolled, or continuous-cast metal product of uniform section,
usually rectangular with radiused corners. Billets are relatively larger
than bars.
Blank-A piece of stock (also called a “slug” or “multiple”) from which a
forging is to be made. 
Blast cleaning (blasting)-A process for cleaning or finishing metal
objects by use of an air jet or centrifugal wheel that propels abrasive par-
ticles (grit, sand, or shot) against the surfaces of the workpiece at high
velocity.
Block-The forging operation in which metal is progressively formed to
general desired shape and contour by means of an impression die (used
when only one block operation is scheduled).
Blow-The impact or force delivered by one workstroke of the forging
equipment.
Boss-A relatively short protrusion or projection on the surface of a forg-
ing, often cylindrical in shape.
Box annealing-A heat-treating process whereby metal to be annealed
is packed in a closed container to protect its surfaces from oxidation.
Sometimes used to describe the process of placing forgings in a closed
container immediately after forging operations are completed, permit-
ting forgings to cool slowly.
Brinell hardness-The hardness of a metal or part, as represented by
the number obtained from the ratio between the load applied on and the
spherical area of the impression made by a steel ball forced into the sur-
face of the material tested.
Brinell hardness testing-Method of determining the hardness of
materials; involves impressing a hardened ball of specified diameter into
the material surface at a known pressure (10mm ball, 500kg load for
aluminum alloys). The Brinell hardness number results from calcula-
tions involving the load and the spherical area of the ball impression.
Direct-reading testing machines designed for rapid testing are general-
ly used for routine inspection of forgings, and as a heat treat control
function.
Carbonitriding-A process of case hardening a ferrous material in a
gaseous atmosphere containing both carbon and nitrogen.
Case-The surface layer of an alloy that has been made substantially
harder than the interior by some form of hardening operation.
Case hardening-A heat treatment or combination of processes in which
the surface layer of a ferrous alloy is made substantially harder than the
interior. Carburizing, cyaniding, nitriding, and heating and quenching
techniques are commonly used. Case hardening can provide a hard,
wear-resistant surface on a forging, while retaining a softer, tougher
core.
Centering arm-in ring rolling, externally mounted rolls, adjusted to the
outside diameter of the ring during rolling. The rolls maintain and guide
the ring in a centerline position to achieve roundness.
Charpy test-A pendulum type impact test where the specimen is sup-
ported as a simple beam and is notched opposite the point of impact. The
energy required to break the beam is used as an index of impact strength
measurement.
Chop-A die forging defect; metal sheared from a vertical surface and
spread by the die over an adjoining horizontal surface.
Cleaning-The process of removing scale, oxides, or lubricant acquired
during heating for forging or heat treating from the surface of the forg-
ing. (See also Blasting, Pickling, Tumbling).
Cogging-The reducing operation in working the ingot into a billet by the
use of a forging hammer or a forging press.
Coining-The process of applying necessary pressure to all or some por-
tion of the surface of a forging to obtain closer tolerances or smoother
surfaces or to eliminate draft. Coining can be done while forgings are hot
or cold and is usually performed on surfaces parallel to the parting line
of the forging.
Cold coined forging-A forging that has been restruck cold in order to
hold closer face distance tolerances, sharpen corners or outlines, reduce
section thickness, flatten some particular surface, or, in on-heat-treat-
able alloys, increase hardness.
Cold inspection-A visual (usually final) inspection of the forgings for
visible defects, dimensions, weight, and surface condition at room tem-
perature. The term may also be used to describe certain non destructive
tests, such as magnetic particle, dye penetrant, and sonic inspection.
Cold shut-A defect characterized by a fissure or lap on the surface of a
forging that has been closed without fusion during the forging operation.
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Quote Request
Please copy, fill out and fax to 973-276-5050. Retain this original for future use.

FORGINGS ARE TO BE ROUGH MACHINED WITHIN ALLOWANCE TO FINISH.
SPECIAL INSTRUCTIONS/COMMENTS:_________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

GRADE______________________________ SPECIFICATION_________________________
SIZE_____________________________________________________________________
QUANTITY_____________ DELIVERY REQUIREMENT________________________________

FINISHED SIZES
Outside Diameter        Inside Diameter    Thickness/Face Length

RING

SLEEVE

DISC

ROUND BAR

BLOCK

BAR

PLATE

STEP DOWNS AND SPECIAL SHAPES (Please Include print or drawing)

W A R E H O U S E  A N D  M I L L  P R O D U C T S

F O R G I N G S

SHEET STRIP PLATE    ROUND    SQUARE    FLATS     HEX     TUBING   PIPE    WIRE

Diameter_________________  Length_________________

Width                     Length                   Thickness

NAME_________________________________ TITLE_________________________ DATE____________
COMPANY_____________________________________ TELEPHONE_________________________
ADDRESS_______________________________________________________________________
CITY_____________________ STATE_____ COUNTRY_________________ ZIP/POSTAL_____________
FAX #___________________________ INTERNET________________________ E-MAIL_______________________
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ATTENTION MAIL ROOM:
This brochure was requested 
by your Raw Material Buyer

ATTENTION:
STEEL/FORGING BUYER

BULK RATE
U.S. POSTAGE

PAID
ALL METALS &

FORGE

Y O U R  S O U R C E  F O R  

SPECIALTY STEEL,
OPEN-DIE FORGINGS
& ROLLED RINGS

• Specialty Steels • High Temperature Alloys • Corrosion Resistant Alloys 
• Nickel Alloys • Cobalt Alloys • Stainless Steel •  Titanium • Aluminum • Alloy Steel 

• Carbon Steel • Tool Steel • Tungsten • Molybdenum • Trade Named Metals  
ALL MILL FORMS: Sheet • Strip • Plate • Bar • Rounds • Wire • Tubing 

• Pipe • Fittings • Flanges • Forging Billet & Custom Open-Die Forged Products
& Rolled Rings (Up to 160”/4050mm)
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