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Cu alloys casting
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Fig. 20 NRL-type riser curve for aluminum bronze (alloy C95300) using different types of exothermic hot
topping and top risers. Source: Ref 5.
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Group T alloys are alloys that have a narrow freezing range, that 15, a range of 30 °C (90 °F) between the liquidus and
soltdus.

Group IT alloys are those that have an mtermediate freezng range. that 55, a freezing range of 30 1o 110 °C (90 to 200
°F) between the liquidus and the solidus.

Group I1T alloys have a wide freezing range. These allovs have a freezmg range of well over 110 °C (200 °F), even up
to 170°C (300 °F).
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Flg. 13 Solubility of hydrogen in copper. Source: Ref 7

LH (b le]

Fig_ 16 Effect of pressure on the appearance of copper alloy reduced-pressure test samples containing the same
amount of gas, (a) Pressure of 7 kPa (55 torr) results in surface shrimkage. (b) Al 6.5 kPa (50 toer), & single bub-
ble forms, ic) Boiling and porosity occur at & kPa (45 torr).
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Fig_ 25 Effect of boron-refined grain size on the mechanical properties of Cu-10Al alloy. Test specimens were
removed from the center or the top of the ingot as indicated. Sowrce: Ref 27




Table 8 Technical factors in the choice of casting method for copper alloys
Casting Mindimumn sectbon Ordering Relutive cost,
wethod Cappor alboys Size range Genernl teloraness Surface finish thickness (quantithes (1 low, 5 high)
Sand All All sazes, depends tihainuplo3ing © Yain 150-500 pin. rms o~ Vamn, All 1-3
on foundry capability 3<6 in,; add £ 0.003 inJin.
above 6 ing; wdd 0,020 0
= 0.060 m, across parting line
No-bake All All sizes, but usaally Same as sand casting Same as sand Same as sand All -3
> |0 Ib casting casting
Shell All Typical maximum mold £ 0.005-0.010 in. up 1o 3 in.; 125-200 pin. rms Y52 in. =100 2-3
area = 550 in.%, typical add = 0,002 infin. above 3 in.;
maximum thickness = 6 in add + 0,005 - 0.010 in, across
parting hine.
Permanent Coppers, high-copper Depends on foundry Usually =0.010 .. 150-200 pin. ems. I in, 100-1,000, 2-3
mokd ulloys, yellow brasses, capability; best, ~ 50 1b optimum £ 0.005 ., best ~ 7O pin. rms depending
high-strength brasses, Best max thickness, — 2 in, =0.002 in. part-to-part on size,
silicon bronze, high-zinc
silicon brass, most tin
bronzes, aluminum
bronzes, some nickel
silvers
Die Limited to C85800, Best for small, thin =0.002 in/in.; no less than 32-90 pin. rms 0.05-0.125 in. > 1,000 |
CB6200, CRH500, CRTROO, parts; max area <3 fi’ 0.002 in. on any one
CRT900, C99700, CYI750, dimension; add =0.010 . on
and some propnctary alloys dimensions affected by parting
line
Plaster Coppers, high-copper Up to 800 in., but can One side of parting line, 0015 63-125 pin. rms, 0.060 in All -
alloys, silicon bronze, be kurger in up o 3 0. add 0,002 best = 32 win. rms
manganese bronze, in.fin. above 3 in.; add 0.010 in,
aluminum bronze, vellow scross parting line, and allow
brass for parting line shift of 0.015 in,
Investment Almost all Fruction of an ounce to 0003 in. Jess than Ya ; 63125 pin. rms 0.030 in =100 5
150 1b, up 10 48 in =0,004 in, between Vi to
Wrin: 0003 in/in. between
W23 i add £0.003 mnfin.
above 3 in.
Centrifugal Almoss all QOunce 10 25,000 b, Castings are usually rough Not applicable Yein All 1-3

Depends on foundry
capacity

machined by foundry

Source; Rerf 29
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Fig. 8 Funnel sprue, sprue basin, and chokes for
reducing turbulence.
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Fig. 9 Flow rates of copper-base alloys through tapered sprues of varying diameter and height.
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Fig. 10 Typical single-cavity gating systems. (a) Tapered runner. (b) Stepped runner.




Fig. 11 Method of running a pump impeller with a well at the end of the runner.




Fig. 12 Recommended multiple-cavity gating system with stepped runner.
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Fig. 13 Basic kiss and knife gates.
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Fig. 14 Features of progressive and directional solidification. Source: Ref 2.
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Fig. 15 Hypothetical casting used to illustrate the principles of feeding technique. Source: Ref 3.
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Fig. 16 Mode of freezing the casting in Fig. 15 without special precaution to avoid shrinkage. Source: Ref 3.




Allow Shape Feeding distance, T
Manganese bronze Square bars | 4 710 10 /T . depending on thickness
Plates 5.5 Tto 8 T, depending on thackness
Ahamumim bronze Square bars | g T
Wi _iram—mavad.com
SiagGe g slgo | auiago 22 p0
MNickel-alumimnm bronze | Square bars | g /7
Copper-mickel Square bars | 5 5 ST
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Fig. 17 Effect of chills in increasing feeding range of risers. Source: Ref 2.
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Fig. 18 Naval Research Laboratories (NRL)-type riser size curve for manganese bronze (alloy C86500). Source: .
Ref 4.




H/D

4 . | I T |
Side riser Top riser
O Sound &4 Sound - less active compound
® Unsouwnd A& Unsound —less active compound
20 O Marginal ——+— B Marginal —
¥ Sound—more active compound
o ¥ Unsound —more active compound
< Marginal

‘-_H;% Side risers I

‘\-.l
a; | 1

il

Vil Vee
o
Q

. T —— Less active
D4 h\-\ p— compound
"s-..___.t_i More Iar.'.l.'ive
O T ro— - vee compound
00 v K il r
0 2 4 L 8 10 12 14 16 8
L+« Wit

waw_iran—miavad.com

GgEs g 2190 | umlags ® 0

Fig. 19 NRL-type riser curve for manganese bronze (alloy C8&8500) using different types of exothermic hot
topping and top risers. Source: Ref 5.
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Fig. 21 NRL-type riser curve for Cu-30Ni (alloy C96400) using exothermic sleeves and hot topping versus hot
topping alone. Source: Ref 5.




Chvorinov's rule states that the freezing time, ¢, of a cast shape 1s given by the relationship:

t=k-(Vid) (Eq 1)

where I and 4 are the volume and surface area, respectively, of the cast shape, and & 1s a constant proportionality whose
value 15 dependent on the thermal properties of the metal and the mold. For additional information on the thermal
properties of copper, see the article "Aluminum-Base and Copper-Base Alloys" mn this Volume.

For convemence, the term (F/4) in Chvorinov's equation is generally replaced by the symbol M, a value referred to as the
modulus of the shape. Equation 1. above. can be rewritten more simply to read:

t=k-M (Eq2)

www_iran—mavad.com

15gllie g 2lgo  usigs 22 pa

Because Chvonnov's equation can be applied to any cast shape. 1t applies equally to that which 15 intended to be the
casting itself and to the attached riser. With connected shapes. such as a riser and a casting. the surface area of each shape
to be considered includes only those portions that contribute to the loss of heat duning freezing.

For the niser to be effective m feeding. its solidification time. f. must be greater than the solidification time, 7. for the
casting. This can be written:

te kM;

- —F2orM;=F2M- Eq3
i h"wfé R c (Eq 3)

Further simplified. this becomes:

Mz =F -Mc (Eq 4)




Table 6 Minimum volume requirements of risers

Tvpe of casting

Minimum Fg/Fe. %o

Insulated risers

Sand risers

HD=1:1|HD=21|HD=11| HD=121
Very chunky; cubes. and so on: dimensions in ratio 1:1.33:2® | 32 40 140 108
Chunky; dimensions in ratio 1:2:4® 26 32 106 140
Average; dimensions in ratio 1:3:9% 10 22 58 75

Fairly rangy; dimensions in ratio 1:10:10% 13 15 30 38

wwnw iran—mavad.com
15Jugilin g slga | audige 22 g
Fangy; dimensions in ratio 1:15:30 or la.rgﬂm a Q 12 14




Feeder Shape. One of the requirements of the niser 1s to remain liquid longer than the casting: that 1s. from Chvormov's
rule:

(Vd)s > (VIA)c (Eq6)

The shape with the highest possible 7.4 ratio is the sphere. However, spherical risers are rarely used in industry because
of molding considerations.

The next best shape for a riser 1s the cylinder. The H/D for cylindnical risers 1s i the range of 0.5 to 1.0.
Riser Neck Dimensions. The ideal riser neck should be dimensioned such that it solidifies after the casting but
slightly before the riser. With this arrangement, the shrinkage cavity 15 entirely within the riser, this being the last part of

the casting-riser combimnation to solidify.

Specific recommendations for the dimensions of riser necks are contaimned in the literature for ferrous allovs. These should
apply to short freezing range copper alloys and are given in Table 7.

Table 7 Riser neck dimensions

Tvpe of riser | Length, Iy Cross section

General side | Short as feasible. not over /2 | Bound, Dh,=1.2 Ly +0.1D

Plate side Short as feasible. not over D/3 | Rectangular, By = 0.6 to 0.87 as neck length increases. My =2.5 Iy+ 018D

Top Short as feasible, not over /2 | Round, Dy, =1y + 02D

Source: Ref 6

{(a) Ly, Dy, Hye, W length, diameter, height. and width of riser neck. respectively. D), diameter of riser. T, thickness of plate casting.
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F|g 24 Deoxidant efficiency in copper alloy melts.
Source: Ref 18




