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Sweeney, of Westinghouse, and M. Meyers and G. Saul of the Air Force

Materials Laboratory.
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ABSTRACT

Three-inch diameter billets of 1018 steel, maraging steel (300 ksi),
titanium alloy {(6A1-LV), In - 100, and alumimm alloy (7075-C) were ex-
truded on an instrumented T0C0-Ton Experimental Extrusion Press to ob-
tain quantitative frietion data under processing conditicns. Fricticn
data are presented; effect of processing variables on friction values
are discussed,

Calculated interface shear stresses for glass-coated billets were
significantly lower and more uniform than bare billets for comparable
processing parameters and materials. For glass-coated billets, the
nose and tail values are generally higher than the center values be-
cause of lower billet temperatures in these areas which results in an
increase in viscosity or solidification of glass in these areas. The
center friction values (K2) represent the glass lubrication effectiveness
under uniform temperature conditions. Friction stresses ranged from 2.7
to 5.8 ksi and consumed a large portion of the working pressure.

For bare billets, friction stresses in the absence of galling decreased
with temperature and speed of testing. Galling increased with processing
temperature.

Need for improved lubricants and lubrication systems for hot metal
extrusion was demcnstrated.
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1. INTRODUCTION

In metal deformation processes, friction forces are generated at the
interface between the tocls and deforming materials. These forces have
the fellowing effects:

1. The total deformation loads are increased.

2. The interpal structure and surface characteristice (surface finish
and surface cracks) cf the product are influenced.

3. Wear is produced on the tooling material.

L, Tool die life is reduced.

5. Dimensional variations are produced in the processed material,

Because of its effects, friction is considered a major variable in metal-
working operations and must be controlled to optimize processing procedures
for economically producing products with desired external geometry and in-
ternal structure. For effective friction control, gquantitative data on the
effects of other processing variables on friction are essential.

Studies have been made by both laboratory tests and metalworking operations
to obtain quantitative data on friction. Although laboratory teste furnieh
valuable measurements on friction behavior under contrclled conditions, it is
difficult tc simulate processing conditions {such as temperature, speed of
deformation, state of stress, lubrication system and pressure) in these tests.
For obtaining the desired quantitative process fricticn data, the metalworking
process iteell with proper instrumentation to separately measure deformation
and friction forces is considered more useful than laboratory tests. The
extrusion process has been shown (1) amenmable to instrumentation for quantita-
tive friction studies under metalworking conditions.

This report describes metal extrusions made on the Air Force Materials
Laboratory T0O-ton instrumented extrusion press to obtain quantitative friction
data under processing conditions. Friction data are presented; effects of
processing variables on friction values are discussed. Available methods and
development work for minimizing friction forces during extrusion are recommended.

IT. THEORY
In the forward extrusion process {Figure 1) used in this investigation,

the total force necessary to produce deformation is the sum of several forces
ag illustrated in Figure 2 and expressed in the following egquation:

Fy o= Fy + Py + Fp_ : (1)
where Ft = total forece for extrusion
Fq = force applied on the die (metal deformation force plus friction
force between die and billet material during deformation)
Ffb = friction force between the container and billet material
Fff = friction force between the container and follower material



Pierce (2) has derived the following relationship between container
liner friction forces and other forces: '

P, = Py + MKLi (2}
D
where Pi = total pressure exerted on the billet at any instant i

(Fti - Fp divided by cross-section area A, of the container
liner)
Py = die pressure (Fd/AO)

L; = length of the upset billet in the container liner at any

instant i
D = inside diameter of container
K = average unit shear strength of the interface between the

container and billet material

Equation 2 with measurements of Py, P., Ly, and D during extrusion
provides quantitative values of the inter%ace friction shear stresses

(K) and a basis for studying friction variations under different processing
conditions,

III., EXTRUSION EQUIPMENT

The 700-ton experimental extrusion press shown in Figure 3 was used
for etudying friction forces generated during extrusion at the interface
between the container and billet material., A detailed degcription of
the equipment is furnished in Reference 1. The following press character-
ietics are pertinent to the subject container friction studies:

1. Water plus soluble oil hydraulic system with a 3C00 psi accum-

ulator.,

Ram speed, 20 to 900 inches per minute,

Ram stroke, 30 inches

Peak capacity, 70O tons

Container liner (H12 Die Tool Steel, Rockwell C 46-50) I.D.,

3.062 inches at room tempersture and 3.072 inches at 800° T,

Container temperature, room temperature to 800°F.

. Instrumentation for continuously recording on a Model 15C8
Visicorder (30-millisecond response) force on the stem, force
the die, and position of the stem during extrusion. A repres-
entative trace identifying data points and their identification
terminclogy appears in Figure L4,

L

- RS = UV ]

Iv, EXTRUSION PROCEDURES

A, Billet Preparaticn

& 0.5 inch long 30° or L5% bevel was machined on the front or "nose"
of the billetes anpd the sharp nose edges were rounded. Both bare and glass-
cocated billets were extruded.  Bare billets required no further preparation;
the others were sgandblasted, cleaned with acetone, and warmed from :L'TOO to
190° F, before glass lubricants were zpplied., These billets were remcved
from the oven, and while hot coated by brushing with a glass suspension made
in accordance with the recipe in Table VIII, Reference 1.
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The heat of the billet caused the water in the suspensicn to evaporate
leaving a glass residual coating 0.020 to 0.030 inches thick on the
billet, The bottom of the billet was left uncoated. After being
rcated, the billet was allowed to dry at least 10 minutes prior to be-
ing transferred to the heating furnace. At the extrusion tempera-
ture the glass became liquid and the surface roughness prevented the
liquid glass from flowing off the billet. The liquid film hagd a
thickness of abcut 0.010 to 0.015 inches.

B, ZRBillet Heating

Billets were heated in electric resistance furnaces in argon at-
mospheres and held at temperature for 60 minutes.

C., Press Calivration

All load cells and the press were calibrated. This was accom-
plished by utilizing the hydraulic pressure gauge as the standard
and then setting the voltage on the stem to enable agreement with the
hydrauvlic gage at maximum tonnage. After verificaticn of the linear-
ity and agreement between the hydraulic system and the stem, the
stem became the standard and was employed as such for lcad cell cali-
braticons, Further diascussion on press calibration may be found in
Reference 2.

D, Extrusion Practice

Billet transfer to the container was accomplished manually with
tongs in six to ten seconds. A graphite block was inserted immediate-
ly behind the billet; this was followed by a tool steel block. Then
the press ram was moved forward at 1 to 4 inches per second and the
ram stem pushed the tool steel block and graphite billet through the
container liner to the insert die in the exit end. The billet was ex-
truded through the die opening and the back end of the extrusion was
forced through by the graphite which was partially extruded. The ex-
trusion traveled through the die and press backup teoling into a run-
ot tube. The extrusions were removed from the runout tube and were
permitted to coocl in air, or iT necessafy, in 8i1-0-Cel which enabled
o slow cooling rate to be maintained concomitant with oxidation pro-
tection.

V. BILLET MATERTALS

The following materials were used for liner friction studies:

1. 1018 Steel (As Rolled Condition)

2. Maraging Steel {300 ksi) (Rolled and Annealed Condition)
3. Titanium Alloy Ti-6A1-4V (Rolled and Annealed Condition)
. 1IN - 10C Nickel Base Superalloy (As Cast Condition)

5. Aluminum Alloy T0T75-0.

The chemical compositions and description of the machined materials
are given in Tables I and II respectively.



VI. ZEXTRUSION TESTS AND RESULTS

Extrusions were made of glass-coated billets to furnish quantita-
tive data on liner friction., Processing parameters for these tests are
shown in Table III. Load and billet length measurements are furnished
in Table IV. Equation 2 and Table IV values were used to calculate liner
friction values in Table V,

For further information and comparison with glass-coated billets,
several bare billets were extruded. Processing parameters for these
extrusions are given in Table VI. Test results and calculated liner
friction values for bare billets are furnished in Tables VII and VIII
respectively.

VII, DISCUSSION OF RESULTS

For purpcses of discussion the interface shear stresses for glass-
coated and bare billets are summarized in Table IX. It is evident from
the lieted resulte that glase ccoating of billete resulte in significant-
ly lower and more uniform liner friection values than bare billete for
the given proceessing parameters and materials. For glass-coated billets,
the nose and tail friction valueeg are generally higher than the center
values, This is attributed to temperature losses at the nose and tail
of the billet and a resulting increase in viscosity or eolidification of
the glass lubricant at these locations, To provide uniform lubrication
conditions with glass, heated nose blocks and follower blocks have shown
promise in reducing temperature losses at the billet nose and tail.
Quantitative measurements of the effectiveness of this method will be
made in future liner fricticn studies, The center fricticn values (KE)
represent the glass lubrication effectiveness under uniform temperature
conditions. Theze values range from 2.7 to 5.8 kei and indicate a large
portion (LKL/D) of the working pressure in extrusion will be consumed
in overcoming liner fricticn even under desired controlled temperature
conditions, Although glass lubrication is a major step forward in re-
ducing liner friction, more reducticn in liner friction is desired to
utilize a greater percentage of the working forces for useful deformation
of billet materials. For this purpose better lubricantsz and lubrication
techniques must be developed for extrusion processes.

Bare billet extrusion tests furnished the following information:

1. In the absence of galling, friction shear values decrease with
increasing temperature, e.g. maraging steels and aluminum allcy T7O75-C.

2. In the absence of galling, fricticn shear valuves decrease with
gpeed, e. g. TC75-0.

3. Galling increases with temperature and varies with different
materials, Galling was observed in extrusion at the following working
temperatures:

. With 1018 steel at 1800°F, 2000°F and 220C°F,

. With maraging steel at 1800°F.

. With T1-6A1-LV at 1550°F, 175C°F, 1850°F and 2150°F,
. With 7075-0 at 900°F,

a0 oM

Friction shear values obtained for bare billets as well as glass-
coated billets can serve as a quantitative base line for evaluating ef-
fectiveness of lubricants for reducing liner friction in extrusion.



VIII, CONCLUSIONS

1. The APML instrumented extrusion press is an effective means for
testing lubricants under extrusion processing conditions.

2. Although glass lubricating techniques furnish lower interface
friction shear values than those obtained with bare billets, better lubri-
cants than glass can provide significant advances in extrusion processing.

IX. RECOMMENDATIONS

1. Development work to produce better lubricants and lubrication
systems for extrusion should be continued,

2. Methods for improving present lubrication techniques should be
investigeted to provide more uniform lubrication conditions.
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TABLE I

CHEMICAL COMPOSITION OF MATERIALS USED FOR
STUDY OF LINER FRICTION DURING EXTRUSION I

1018 Steel Maraging Steel Ti-6A1-4V IN - 100 Aluminum 7075-0

(Actusl) (Actusl) {Actual) {Nominal) (Nominal)
c .19 .02 .02 .18
8 .22 .09 .50
Man .90 .05 .30
8 .026 .005
P .010
Ri : 18.12
Mo 5.05 3.0
Co 9.01 14,0
sl .73 Bal, 5.0
A .08 6.4 5.7
Fe  Bal. Bal, .05 .70
Mg 2.1/2.9
Cu 1.2/2.0
v k.3 1.0
Zn 5.1/6.1
Cr 10.0 .18/.40
Zr .06
B .015
N . 009
0 .189/.192
H ppm .39/.53

(1) WVeight Percent
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Bxtrumton
. Humber

209k
211h
2115
2126
2127
2133
2135
2197
2231
2232
2233
2250
2es2
2253
2254
2368
2369
2370

fyerall

A
g

-
A

6.0
f.0

A0
6.0
6.0
6.0

5.5
5.5

5.5
5.626
5.9
5.625
5.625
5.625
5.625
5.625
6,189
6.125
4,189
b,125
4,75
4,75
4.5
6.0
6.0
6.0

TAMLE 11

BILLET LESCHIPTION

Hameter

Lepath {in. ) (102

LY

L

2950
at150

AL 50

2,955
2.955
2.955
2,955
2,950
2.950

2.950

MARAGING STEFL
2,950
2.950
2.550
2.950

11

Faul
Bhape

£
G0 ox L
o x Lt
{1
o0 ox 6"
ga” x 5"
an x n"
o ,
o’ x L6
o
oM S
Nev Chamfer
- O
60 x5
(l

(S A

Q

G0 ox 8"

[l

600w 8"
Q1

fOC a5

a0 x .5

kgl

No Chamfer
€07 x 2.uL"
60" x 2"
No Chamfer
9c” x 1.06"

1207 x 1"

120° x 1"

120°

900 x . 5"

90” x .5"

90° x .5"

We tpht
(hbe,)_

10,k
100

e

o
Lo R o = L Y

10.3
10.3

10,3

10.6
10.7

10.6
10,7
10,4
10.4

10,4

11.7

1.7



TABLE 11 - BILLET DRACRIFEION (oopt'd)

Extrueion Overall Mameter End Walghi
_Mynber Length (4n.) (in.) Bhape
TITANIIM ALIOY {oA)-4¥)
2eh] A0 2.9h0 07 x 5" 6.3
el f.0 2,940 A0 x 5" 6.3
R A0 . PR 60% x 5" 6.3
B 6.0 2.9k 60" x 5" 6.3
a7 5.5 2.925 €% x .5" s.7
P316 6.0 2.9h0 60° x L5 6.3
2307 6.0 2.9h0 60” x 5" 6.1
P3H 6.0 2. 90 60° x 5" 6.3
7319 6.0 P.9k0 90" x 5" 6.3
2320 6.0 2,540 o0 x 5 £.3
2371 6.0 2.0 O 6.3
2323 0 EREITY 90" x .5 6.1
230k 6.0 2.9k 90”5 5" 6.3
2324 .0 ?.540 o x 5" 6.3
300 £.0 RS *®° x 5" a,3
X1 f,0673 2,947 &0° x 5" 6.5
260 £.00 2.ukT A x5 6.9
237 f.00 2.540 9 x 5" 6.3
B384 £.00 2.0hn 60° x .5" £.Ls5
A3HY 5.7 2.5h5 a0 x 5" 6.2
23R4 5.9 2,955 o x L5 6.25
18 - 100
2021 5.1 2.:7 &% x .5" 9.
P12h 5.1 2,933 609 x L5" 9.3
21en 5,1 2,938 an? x 5" 9.k
#131 5.06 2,933 60° x 5" 9.3
2132 5.06 2.938 60" x .5" 9.
2216 5.0 2.930 6c” x 5" 9.3
2217 5.0 2,934 . 60" x .5 9.4
a8 L.3 2.035 & x .5 7.9
2014 5.0 - 2.535 &% x .5" 9.b
2270 5.0 2,932 60" x .5" 9.3
2r21 5.0 2.935 A% x 5" 9.4
pomq 5.0 2,930 60° % 5" R
a0k 5.0 2,930 6° x .5 9.3
205 %68 2.930 607 x 5" 9.1
ALMINM ALLOY (7075-0)

2355 5.0 3.000 60 x .5" 3.5
2156 5.0 3.001 60° x 5" 3.5
2357 5.0 2.99% 8 x 5" 1.5
2358 5.0 2,999 60 x .5" 3.5
2359 5.0 2,998 6% x 5" 3.5

50° x 5" 2.9

AIAT L= ) 3.002
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Extruaion
Number

2158
2159
2160
2161
2162
2163
2165
2346
2347
2348
2349

2094
211k
2115
2126
2127
2133
2197
2206
2231
2232
2233
2252
2368
2369
2370

EXTRUSION PROCESSING PARAMETERS FOR GLASS COATED BILLETS

Billet
Inybrication

0010
TOS52
€010
7052
0010
7052
7052
0010
0010
0010

COLO

0010
0010
0010
0010
0010
0010
0010
0010
0010
0010
0030
0010
0010
0010

0010

T

TABLE_II1

Extrusion

1600
1600
2000
2000
1800
1800
2200
1600
1600
1600

1600

MARAGING STEEL (300 kai)

2100
2200
2200
2200
2200
2200
1600
2000
1700
1700
1700
1800
2000
2200

1800

oF

Extrusion
Reduction

1018 STEEL
6.6:1
6.6:1
6.6:1
6.7t1
6.6:1
6.6:1
6.6:1
b.3:1
bl
b,z

b1

8.6:1
8.¢:1
B.6:1
3.9:1
8.6:1
12.5:1
ho1
8.6:1
bl
h:1
hil
6.6:1
9.8:1
9.8:1
9.6:1

13

Extrusion Die
A

60°
60

60°

90°
60°
900
60°
60°

60°

120°
lag@

120

Rema rka

(Surface & Others}

Good

Good

Good

Good

Goad

Good

Good

Fair, glass re-
tention entire lenglh
Excellent, glasa re-
tention enlire length
Good, glass re-
tention entire length

Excellent, glass re-
tention entire lengih

Good
Good
Good

Good

Good
Good,
Good
Good
Good
Good
Good
Good
Good

Cood



FEXTRUSION PROCESSING PARAMETERS FOR CLASS COATED BILLETH

TABLE, TII (cont'c)

Extruaion Billet
_HNumber Lubrication
2267 0010
P2hR 0010
2269 0010
2270 0010
2271 0010
2316 0ol0
2317 0010
2319 7052
2320 7052
232 7052
2323 7052
2324 0010
2325 6010
2366 0010
2021 7052
2124 T052
2125 7052
2131 T052
2132 T052
2216 7052
2217 T052
2218 7052
2219 T052
2220 T052
2221 7052
2223 T052
o2k T052
2025 7052

Fxtrusion
Temperature (°F

1750
1750
1750
1750
1750
1850
1850
2150
2150
2150
2150
1550
1550

1800

2050
2050
2050
2050
2050
2050
2050
2050
2050
2050
2050
2050
2050

2050

Extrusion
Reductlion

Extrusion He

Angle (Degress)
TITANIUM ALLOY (6A1-hV)

12
6.1:1
7.6:1
10.1:1
10.1:1
h1:
8.2:1
bh,1:1
8.2:1
10.2:1
1T7:1
h.8:1
6.8:1
6:1

IN - 100
5.6:1
5.3:1
5.3:1
3.9:1
3.9:1
3.8:1
3.8:1
3.8:1
3.8:1
3.9:1
3.9:1
3.6:1
3.9:1
3.9:1
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60°
60"
60
60°
60°
60°
60°
60°
6o°
60°
60°
6a°
60°

60°

60°
60°
6a°
60°
&0°
60°
60°
600
6c°
60°
60°

60°

60°

Remarks

{Surface apd Others)

Excellent, no glass
3" from nose
Fxcellent, no glasa
L.5" from nose
Excellent, no glass
5.5" from nore
Excellent, no glass
6.5" from nose
Excellent, no gless
7" from nose

Good, glass re-
tention entire length
Good, glass re-
tention entire length
Good, glass re-
tention entire length
Good, gless re-
tention entire lenglh
Good, gless re-
tantion entire length

‘Excellent, glass re-

tention entire length
Excellent, glass re-
tention entire length

. Excellent, nd glass

retention in middle
Good, no gless
5" from nose

Good,
Good
Godd
Good
Good
Bycellent
Bycellent
Excellent
Excellent
Excellent
Excellent
Poor
Poor

Poor



Billet Length !n

Extrumion Container (In.)
Humber Iy L, L3
2158 L,2s 160 1.9%
2159 h.35 3.25  2.Bs
2160 .55 3.ho 2.05
2162 b3 3.40 2.30
2162 4,50 3.h40 2.ks
2163 L.55 3.65 2,50
2165 k.55 .60 2.35
2346 b.s5 bhip 3.ho
2347 b ho 3.45 2,75
2398 L.50 1.90 3.5
2349 b, 50 L.oo  3.h0
2004 2.45 2.10 1,40
211k L. 3.10 1,45
2115 b, 20 3o 1078
2126 k.70 3.50  2.10
2127 b, 6D 3.60 2.20
2133 h 4o 3.75 1.10
297 3.bo 2.15 .95
2231 3.55 2,65  2.05
2250 3.60 2,70 1,45
368 L% 4. 30 1.45
2369 b.65 3,70 1.65
2370 4,70 k.30 1.0
2067 L.ko 1.10 2.30
2268 4,80 3.55 2.25
2869 4,95 3.85 3,60
2270 4.35 3.80 2.90
2271 3.95 3.50 2.85
2316 b.25 3.15 1,75
2317 &.90 3.4h0 2.95
2319 5.30 4.30 2.70
2320 5,000 b.25 2.8
2321 5,15 k.bo  3.95
2323 Lo 3.55 2.10
2324 h.80 3.35 1.75
2325 k.75 3.9¢ 2,85
2366 §.30 3.60 2.0

TABLE LV

SION 2| 'S ON GLASS. COATED BILLETS
Totel Premaure Die Preesaure Ram Speed
(xat) (k1) . . {In. /8ae.)
ﬂl Fin Pt3 L Fay Fa, dq dy v v, v, ¥,
1018 STEEL
128 100 92 54 81 78 k(3 54 1.00 1.7% 1.s0 LTS
1e2 93 a6 5h 85 76 16 5k 125 1.5 1.50 0 1.7%
o 58 58 1k 45 43 X ] 1k 2.00 2.00 1.7 Q.00
as 66 62 B L Lt i6 8 1.50 1.7 7,00 LY
95 13 70 11 sh 5k Sh 11 2.25 2.00 1.75 1.re
a 65 63 11 55 Sk Sh 1l 1,75 ENTH 2.00 [
0 51 113 8 38 a2z 32 5 200 200 1.5 1,84
135 105 103 1k T3 T2 O 14 1,50 2,25 £.25 .50
144 100 a7 16 8& 76 T4 16 1.00 2.00 00 e
127 100 97 1 64 66 A5 16 1.50 NS 200 2,50
127 103 160 14 TS T3 TO 1h ERTS 2.50 2,50 3,00
MARAGING STEEL (30C hel)
119 108 92 22 73 T2 70 e 2,29 B.P5  2.2% 1.25
35 86 78 27 68 68 & 32 2.25 2,25 425 1.25
124 108 105 16 T2 72 78 27 2.00 1.t% 1.7% 1.0
TO [ sh 5 L6 S L& 5 2.50 2.50 2,25 1.5
56 B& 1 ] ™ T3 T2 B L ?.75 2.0 1.2y
139 138 135 11 85 ay 5] 11 1,50 2,00 2.00 R
16 122 112 16 86 B5 fik] 16 1.50 1.50 1,50 200
97 qr 92 d I B2 86 0 .00 200 2.25 0 250
162 148 136 32 Qb 93 1] 11 3.00 2,25 2,006 1.7%
sk 13k 1ko 5 111 w7 113 5 2,00 2.00 1.78 3.0
128 112 116 22 97 96 100 2 2.50 2.50 2.25 200
163 1sh 1ka 5 135 12 130 5 1.5 2.0 175 2lho
TITANIUM ALLOY -4y
61 sk Uy 5 b1 39 38 5 2,715 2.1 295 ----
B1 &5 59 11 58 sl 53 11 3.00 2.75 2.50 1.7%
93 78 6 22 73 68 66 14 2.75 2.50 2,50 4,50
9T 86 81 35 T8 ™ T3 35 2,50 2.5% 250 1.5
115 103 97 18 83 8% 8u4 38 2.2 2.25 2.25 2.00
57 k3 EY-] 11 2B 27 26 11 2.50 2.75 2.79 SO0
Th 65 5k 16 35 35 35 16 3.00 2.50 2.50 2.50
h2 58 39 1 19 2 24 11 3,50  1.7T5 2.50 2.0
66 59 Sh 28 35 3B 3 28 2,00 275 2.50  2.50
68 62 59 32 35 3?9 33 2,00  2.75 2.5  1.00
65 54 59 111 32 £ 86 2,50  2.25  2.00 2.5
154 109 105 11 83 86 8 1 1.50 2.25 200 2.%
146 115 109 27 w9 33 95 21 1.50 2.2% 2.00 2,50
51 by hé 16 b3 9 3 16 2.7% 2.50  2.00 1,50
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CALCULATED LINER FRICTION VALUES FOR G

TABLE ¥

53-CUATED BILLETS

BLLLET PRESSURE RANGE RAM SPEED LINER FRICTION
FXTRUAION  TEMPERATURRE BILLET {kei) (1n/eec) (xs1)

NI ke {7r) LUBRICATION 1y L, L, v, v, v, Ky K, Ky

1016 STEEL
P14R 1600 0010 128/81  100/78 92/76 100 1.75 1.50 6.1 L6 6.4
2154 1600 7052 172/85 93/76  86/76 1.25 1.7% 1.50 6.0 b1 2.0
21R0 2000 0010 T0/45 58/43  58/43 2,00 2,00 1.79 4.3 3.k 5.6
2161 2000 TO52 8s/hg 66/ 62/L6 1.50  1.75 2,00 51 4.3 5.4
2160 1800 0010 95/5h T3/54  TO/5k 2.25 2,00 1.75 6.8 4.3 5.1
2163 1800 TO52 B1/s55 65/5%  63/54 1.7%  2.00 2,00 .3 2.3 2.9
21AS 2200 TO52 70/38 51/32 L6/32 2,00 2.00 1,50 5.5 4.0 L.k
234h 1R00 0010 135/73  105/72 103/70 1.50  2.25 2.25 .10.5 6.3 7.3
X1V 1600 0o1LQ /86 loofT6 91/76 1.00 2.00 2,00 10.1 S.h 6.1
23hB 1600 o010 127/68  100/66 97/65' 1,0 2,00 2.00 10.2 6.7 7.9
2349 1600 0010 127/7h  103/73 1oo0/TC 2.00 2.50 3,00 8.8 57 6.7
MARAGING STEEL (300 kei)
211k 2200 0010 95/68 B6/68  T8/68 2.25 2.25  2.25 9.6 9.7 5.7
2126 2p00 0O10 To/h6  62/46 Sh/hE 2,50 2,50 2,25 bho 3.5 3.0
Me7 2200 0010 96/Th  B6/T3 B1/72 2,25 2,25 2.00 3.6 2.9 3.3
239t 1600 0010 146/86  122/85 112/82 1,50 1.50 1.50 5.6 29 6.4
2231 1700 0010 o7/8L  97/88 92/86 3.00 2.00 2,25 29 2.7 2.0
2368 2000 0010 1sh/111 1347107 1ko/123 2,00 2,00 1.75 5.5 4,8 1k.3
2360 2200 0010 122/97  112/96 116/l00 2,50 2,50  2.85 b0 3M 7.5
2370 1800 0010 163/135 1h&/127 142/130  1.50 2,00  1.75 L6 31 8.5
TITANIUM ALLOY - 4y

2267 1750 o01c 61/41  S4/39 Lg/38 2,75 2.75 2.75 3.5 3.7 3.2
2268 1750 0010 Br/s8  65/5k 59/53 3.00 2,25 2,50 3.7 23 2.6
2269 1750 0010 93/73  18/68 T6/66  2.75 2.50 2,50 2.7 2.2 2.0
2270 1750 0010 91/76 86/ 81/73 2.50 2,50 3.50 3.8 2.5 21
2271 1750 0010 15/88 103/85 97/84 2.25 2.25 2.00 5.2 3.8 3.6
2316 1850 0010 57/28  L3far b2/26 2,50 2.75  2.75 5.1 3.9 T.l
2317 1850 o0Le Th/35  65/35 54/35 3.00 2,50  2.50 6.1 6.7 k.9
2319 2150 7052 k2/19  Wl/22 39/24 3.50  1.75  2.50 3.3 3.4 342
2320 2150 T052 66/35 59/38 /38 200 2.75  2.50 W7 3.9 b
2321 2150 7052 68/35  62/38 59/39 2,00 275 2.75 4.8 k2 3.9
2323 2150 7052 65/32  sh/3h 59/86 2.0 2.2 2,00 5.3 LMW 6.9
2324 1550 D010 154/188 109/86 105/8t 1.50 2.25 2,00 10.6  5.25 10.7
2328 1550 ool 1W6/99  115/93 109/95 1.50 2.25 2,00 T.6 k3 b0
2366 1800 0010 51/b3  49/39 L46/36 2,75 2.00  1.50 1.b 2.0 3.5
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Extrusion
Mumber

2342
2343
2344

2345
23B89
2390

2391

2252
2253
225k
2385

2362
238L
2386

2387

2388

2355
2356
2357
2358
2359
2367

EXTRUSION PROCESSING PARAMETERS FOR BARE BILLETS

TABLE VI

Extrusion

Temperature (°F,)

1600
1600

1600

1600
2200

1800
2000
1800
2000
2200
1600
1800
1550
1750
1850
2150

600

900

900

600

Extruaion

Reduction Anpgle
1018 STEEL

3.9:1 60°
b1 600
h.3:1 [
b0 60°
T:1 60°
6.9:1 60°
7:1 60°

MARAGING STEEL (300 kei)

9.9:1 i20°

9.9:1 lag°

10.9:1 120°

il 60°
TITANIUM ALLOY (6A1-4V)

6.1:1 60°

k,1:1 60°

10.2:1 60°

k.11 60°

T:1 60°
ALUMINUM ALLOY (7075-0)

hel 60°

§.1:1 60o

8.1:1 60°

2.1:1 90°

2.1:1 90°

3.8:1 0°
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Extrusion Die

Degrees

Remarks

Surface & Others

Fair
Good

Excellent, Front 9"
Fair, remainder

Excellent

Good

Good, long suck-in
from die back to
container

Good, long suck-in

from die bark ta
contalner

Good
Good
Good

Billet stuck

fxcellent, &"

Good

Good, entire carbon
follow block surrounded
by flashing

Good, reeidual billet
material left in
container

Good, entire carbon

follow block murrounded
by flashing

Stuck
Good
Good
Good
Good

Good



Billet Length In Total Pressure Dia Pressure Ram Speed
Extruaion Container (Ip,) {kai) (kat) {In./Sec.)
Mumber L, L L L P‘a Py, Pay Py, Fa, Pa vy v, A v
i TR
2342 4.3 1.3¢ 2,65 o 161 108 91 11 T5 7O 67 1 1.00 2.00 2.00 [+
2343 1.3 3.65  3.30 ¢ 172 3 132 8 %0 8 83 g 5 L5000 .56 0
234 bk 3.55 2.50 0 167 15 97 S 83 8L 75 S .75 1,50 1l.50. ©
s L.L 3.75  3.20 ¢ 178 21 1 5 a 70 70 5 500 LS LTS @
2389 4.55 1.50 ¢.he ) 168 75  1loo AL - kL 51 2,00 1.5¢ .25 o
2390 k.35 3.45  1.65 o 175 152 18 sk 50 Lt L6 43 1.5¢  1.50 l1.50 0
2351 k.55 3.45  L1.8% 0 15 18 w6 78 19 36 38 2} 1.2 1% 106 G
MARAGING STEEL (100 gail '
2252 3.30 2,35 c.80 o3 193 166 158 5 130 128 132 5 1.00 750 1.0 sl
2253 3.50 3.15 1.ks 0 166 ik 1Ls5 5 m w7 U ¢ 1.50  l.5¢  l.0C O
225 3.60 3.15  1.20 o 199 13 16 5 38 83 & ¢ 2.50 200 l.5¢ 90
2385 4,38 ---- -—-- - 199 --- -— - a4 P - SMCK  ---- ——— -
M ALICY \i
2362 4.3 3.85 3.1¢ [ 125 loc 89 5l 59 56 55 5k 1,78 2,35 2.25 C
238 445 3.ho 0.85 0 153 160 123 g1 a6 83 a3 Ta R 1.7% 1.5C o
2386 L.15 2,85 2.15 s] 15 120 100 a1 29 n 29 L%} 1,25 2,00 2,25 o]
2387 3.80 2,85  l.08 a 1ce 100 135 189 25 32 54 2,25 2,00 2.5 &
2388 3.9C 3.10 2.058 0 185 135 111 sk 3z 5 51 83 2,5¢ 2.25 2.00 o]
ALIMINUM ALLOY (7075-0)
2355 b.13 memm meea - 210 eee e - 54 - . --- STUGE  amm  mem- -
2356 k.10 2.8c 1.10 Q 140 98 65 45 52 L7 b2 Lo 1.0C 1.25 1.25 G
2357 3.95 2.1C  0.5% > 130 101 T7 59 73 59 36 5k 450 1.5 1.5 o
2358 L, o5 2. 1.35 c 124 78 51 22 26 2 19 8 l.cc 2.0¢ 2.0 ¢
2359 3.79 3.0C 2.50 0 200 161 135 Lo 5k 43 Lg 46 1.00 1.0C 1.0 o
2367 3.15 2.25 5.40 C 148 100 65 22 Th 62 62 =5 6.0 13.5¢ 1.0 2

{1) L, FRepresents - Billet length at maximumm breek-thru.pressure.

() Ly, Represente - Distance where sharp change 1o dle load indicetes zerc biilet length in contaloer.

(3)

Billet length measured after removal from container liper.
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TABLE VIII

CALCULATED LINER FRICTION VALUES FOR BARE BILLETS

Pressure Range Bam Speed

Billet
Extrusion Pemperature (ksi) {in/eec)
Number (°F.) Ly L, ;3 v, v, v3
1018 STEEL VERSUS H - 12 TOOL STEEL
23h2 1600 161/15  10B/70  91/67 1.00 2.00 2.00
2343 1600 172/90  1h3/86 132/83 75 1.50  1.50
a3LL 1600 167/83  116/81  97/75 .75 1.50 1.50
2345 1600 178/81  121/70 110/70 .50 1.75 1.75
2389 2200 108/24 75/24  109/4k 2,00 1.50 1.25
2390 1800 175/50  151/47 118/46 1.50 1.5¢  1.50
2391 2000 145/30  118/36 106/38 1.25 1.50 1.00
MARAGING STEEL {300 ksi) VERSUS H - 12 TOOL STEEL
2252 1800 193/130 166/128 158/132 1.00 15 1.00
2253 2000 166/111 144/107 145/116 1.50 1.50  1.00
2254 2200 129/86  113/83 106/B6 2,50 2.00 1.50
2385 1600 199/84 —-aeme oo -—-- —--- —---
TITANIUM ALLOY (6A] - LV) VERSUS H - 12 TOOL STEEL
2362 1800 125/59  100/56  B89/55 1.75 2.25 2.25
2384 1550 193/86 160/83 123/83 .75 1.75 1.50
2386 1850 11529  120/31 100/29 1.25 2,00 2.25
2387 2150 102/25 100/27 135/32 2,25 2,00 2.50
2388 1750 185/58  135/5% 110/91 2.50 2,25 2.00
ALUMINUM ALLOY {(7075-0) VERSUS H - 12 TOOL STEEL
2355 600 210/54  ~--ee- —-o--- “-—— ——ua -
2356 900 132/52  g9o/u7  sT/h2 1.00  1.25 1.25
2357 900 175/13  95/59 T1/56 0.7 1.50 1.50
2358 900 110/26 65/22  39/19 1.00 2,00 2,00
2359 600 18k/54  {AE /Mg 119/46 1.00 1.00 1.00
2367 600 145/Th  91/02  62/55 16.00 13,50 14.00
NOTE:

H - 12 Tool Steel (Room temperature hardness, RC 46-U48) at 8007 F.

21

Liner Friction

(kat)

X ¥s 5
15 8.8 T.0
b7 11.8  11.3
4.6 7.6 6.6
7.0 10.5 9.7
15.5 26,2  72.5
22,2 23.1  33.9
18.5 18.0 2h.]
15.1 12.3 24k
11.7 7.3 1h.3

8.1 59 9.5
20,2  -=-- e---
10.6 8.6 8.4
19.3  17.4  35.b4
22.6 20.0 22.2
15.8  2h.7  25.%
15.5 20.0 75.2
30.0 === =e--
1.9 1.1 13.5
19.9 13.45 18.85
20.9 19.5 14.0
27.1 248 224
7.k 12,0 13.0
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