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Stater:ent of the Proble:·~ 

Chapter 1 
Introo.uction 

The "H" Process of ":1etal casting uses a unique gating syste.m 

that controls the flow of ~lten rretal durinq the casting _process. 

1 

A feeder/runner bar serving each casting is the vital elee--rent in the 

"II" Process. Available information on the "H" :Process is not very 

:3pecific about the rwmer system configuration. This study will 

develop a gating syste.-n for use with the "H" Process using the avail­

able information and principles of conventional gating practice. 

::!:r,portance of the Study 

The country's econor,1'_! dei:B..11ds that r.-oderr: industries find 1,,;ays 

to increase proo.uctivity while lowering energy costs. The "H" !?rocess 

uses less labor and ener~r per casting than conventional ."etal cast­

ll1S tedr1iques. This is acc'Or:plished with the use of a f eea.er/runner 

Da.:!:" syste.'11. (Miller and Co::-r.:_J<3.ny, 1982, note 1) This system reduces 

energy re.rrelt costs and increases casting yield with lower scrap and 

:finishing costs. The "H" Process is an IB\l?Orta..rit and viable casting 

:·.ethod for_ the economic ti:rres. 

Assurrptions 

For the purpose of this study, the :rel ting a11d rxmring :1rocedures 

are assu":l2d to be properly rronitored to ensure consistently qood 

ri'etal flow during casting. lmy casting defects should be directly 



attributable to the gating system, not t11e melting and rxmri.'1g 

procedures. 

Limitations 

2 

This study is limited by the arrount of technical infonnation 

available. The process is pa.tented with licensing agents in the 

United States. The licensing agent was contacted and provided helr.r 

ful basic infonnation, but understandably, specific technical informa­

tion could not be provided without t11reateninq the license. 

Definition of TeilllS 

Directional Solidification - Refers to t.~e solidification pattern 

where the metal solidifies at the roint furthest from the 

gate of the gating system and progresses toward t.~e gate. 

(Sylvia, 1972, page 312) 

Gate -- The point at which rnlten rretal enters the r:old cavity. 

(Sylvia, 1972, page 316) 

Hot SP?t -- An area in t11e rrold that is hotter than the surround­

ing rrold material due to Sffi::l.11 volumes of sand in relation 

to high volumes of rretal. 

Laminar Plow -- A flow of liquid that is free of turbulence 

characterized by a straight line rrotion. 

Riser -- Reservoir of nolten rretal attached to the casting to 

conq?ensate for internal contraction of the casting during 

solidification. (Sylvia, 1972, page 325) 



Runner -- The pxtion of the gating system that a:mnects the 

dovm sprue and gate at the casting. (Sylvia, 1972, page 

326) 

Runnersphere -- A spherical sha:pe in a core used to conduct 

r.-etal to a casting cavity in a controlled manner. After 

the rrold is filled the runnersphere serves as a riser. 

(Houl t, 1979, page 237) 

Turbulence -- l'-... flow in a liquid characterized by a churning or 

swirling notion. 

3 

Heir -- A dam in the runner system to control the flow direction 

and velocity. 



Chanter 2 
Review of Literature 

"The Principle! The "H" Process is vertical r_:ouring with horizon­

tal controlled flow casting. A feeder/runner bar serving each casting 

is the vital elerrent in the "H" process." (Miller and Company, 1982, 

note 1) 

This process was developed and put into ~ractice in 1975 at Roth­

erham, England by W. H. Booth & Co., Ltd. with Miller and CoJ11!)illly of 

Chicago, Illinois as the United States sub-licensing agents. Contin­

ued develop.rent of this casting system is an ongoinq process. 

The "B" process uses rigid sand nolds that incoqnrate all the 

factors that contribute to the production of quality castings. The 

factors are: 

1) A rigid sand rrold capable of repetitive, economical 
production. 

2) Contained within the r:old must be a runner system 
that enables controlled !X)uring of the r.1etal into 
the IIDld, srroothly and without agitation or turbu­
lence. 

3) During the J:X)uring of the liquid metal, the rrold 
must retain its shape, r.mst resist any erosion, 
breakage or washing away of sand on the face of 
the rrold. After metal has been I_X)ured, the nold 
nmst have a means whereby liquid and solid contrac­
tion can take place. Liquid metal must be available 
to feed all parts of the casting that require feed­
ing, both at the r:oint where it is required and.for 
as long as it is required. 

4) After the rretal has solidified, forming the casting, 
the nold must collapse, or break do.-m, allowing the 
contraction of the casting. 

5) It must be p:>ssible to rerrove the gating and riser­
ing systems with a minimum of effort and without 
destroying any of the required casting shape. 
(Miller and Company, 1982, note 1) 

4 
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The use of rigid rrolds and the m:dzontal casting rrethod has 

several advantages over vertical casting rrethods. 

The "H" Process achieves the lCMest r:ossible ferrostatic 
casting pressure, so strain of rrold joints is reduced to 
a ITI1.mmum. Rigidity of rrolds, increased by horizontal 
clarrping, results in the final castings being precise 
dirrensionally, with minimal finning at the rrold joints. 
These factors result in little or no cleaning being 
required. (Miller and company, 1982, note 1) 

The nolds produced with the shell rrold process are stacked verti­

cally while they are hot. This allows the rrolds to be :rositively 

located and minimizes warpage. The nold strings are clamped hand­

tight. As the metal is JX)ured into the rrold string, the heat e.:x.-pands 

the sand tighte.ning the rrold joints. J\bld strings may be stored ver­

tically, saving floor space. 

There are no minimum or max.inrum casting weights with the "H" 

Process. The physical limitations of the rrold bl~ver and casting 

string handling equiprent set the practical limits for the process. 

The rrolten rretal available at the r-our is not too critical due to the 

oontrolled flow. If insufficient metal is available for :i;x::>uring a 

rrold string, only one cavity is lost and the balance of the unr:oured 

rrolds can be restacked and p:,ured. 

5 

The "H" Process is oor:ipatible with rrost core making processes. The 

sand-to-rretal ratio will var:y between the different types of oore proc­

esses. A typical sand-to-rretal ratio for double-sided shell rrolds 

is 1 : 1 for light to medium weight castings. Average sand-to-metal 

ratios for Isocure, m2, Furan, and so2 nolds are 2: 1. Lightener 

J:X)Ckets in the pattern equiprent could be used to lower the sand-to-



rretal ratio. 

The 11H11 Process is versatile with different types of ferrous and 

oon-ferrous rretals. Below is an analysis for rretals that have been 

successfully pJured using the "H" Process: 

Typical Metal Analysis (Percent): 

1) Stainless Steel= C .08 max., Si 1.5 max., Cr 17.0-21.0, 
Ni 8.5, MJ 1.0 max., P .04, S .04 

2) Aluminum= CU 0.1, Mn 0.1, Fe 0.6, Ni 0.1, Zn 0.1, 
Pb 0.1, Sn 0.05, Ti 0.2, Balance Al 

3) Ferritic Ductile Iron= C 3.75, Si 2.50, Mn .04, 
S .006, P .02, Mg .035 

4) Bronze (Gunrretal) = CU 85.0, Sn 5.0, Zn 5.0, Pb 5.0 
5) Malleable Iron= C 2.50, Si 1.45, Mn .50, Cr .035, 

S .10, P .05 (Eberhardt, 1980, page 18) 

6 

The "H" Process has several distinct advantages over conventional 

nnlding and casting processes. Controlled fX)uring is one. Due to the 

runner/gating system configuration, the nnlten rretal flows into the 

first casting completely filling the rrold cavity before the second 

nold is filled (see Figure 1). 

Figure 1 
Horizontal Controlled Flow ea,,tina 

.. _ .... . 
. (... ·- ... . ,_. . , . .. 

:_.__.....__ ,.," • • :" • • : I ... • • 

~· .,.., " . ' , . . : . . . 
, ·: ... . . \. .. 

. . '"' -, . . .. 
... . , . ~ 

::_.:_- ~<-·~ ·~(=t-}-,i -~~;~·.) ~/}::(~:<: 
I : • ( I ,:•_, 

0 
( 't • • '.'1,{(' t\ - ✓ • • 

--:- . . ,_ . 
' -. ; . - .. 

(Miller and Company, 1982, oote 1) 
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This oontrolled r:our oontinues for the full length of the string 

of rrolds being r:oured. The oores are r:ositioned so that the castings 

are r:oured vertically to fully utilized the advantage of directional 

solidification. 

This runner system used in the "H" Process is called a runner­

sphere due to its shape. The runnersphere oontrols the rretal flow 

by the use of a weir. 

WELL 

SPRUE 

The process requires only a single runner that is 
shaped to fonn_a weir at the sprue of each rrold. 
When rretal is r:oured, it flows into a well and then 
into the r,old cavity. Metal oontinues to fill the 
well until it flows over a weir and into the next 
well. This process continues until all wells have 
been filled. Thus, for.vard velocity of the rrolten 
n:etal is checked, allowing metal to enter each 
cavity with minimum turbulence. The technique 
prevents solidification of the sprues to each 
cavity because the wells are oontinuously fed with 
rrolten metal. (see Figure 2) (CUrry, August 21, 1980 
page 113) 

CAVITY WEIR 

Figure 2 
M:.)ld cut-away 

WELL 

(CUrry, August 21, 1980, page 113) 

The ideal pouring sequence is when one casting cannot be p::,ured 

until its adjacent casting has been oompletely filled. 

A seoond advantage of the "H" Process is flow feeding to the 
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castings. As nolten rretal (X)Qls, it undergoes liquid and solid 

rontraction krDwn as shrinkage. 'lb ensure that a casting is the 

rorrect size, during liquid contraction the runner system ITU1St pro­

vide nolten rretal to refill the rrold cavity. In conventional cast­

ing, risers are attached to the gating system to feed the castings 

during this phase of solidification. In the "H" Process the runner­

spheres are the risers. The rontinuous flow of rretal through runner­

spheres of castings already y:oured ensures maximum temperature of 

n-etal being rraintained ·as each casting cavity is filled. This 

ensures that the casting will be fed during liquid contraction pro­

viding a sound quality casting. 

A riser cannot feed a casting if the ingate has frozen off. In 

the "H" Process the gate is formed between the l:x)ttom of the runner­

sphere and the top of the casting resulting in a hot SJX)t around 

the gate. This keeps the gate frorJ freezing off allowing the feed­

ing of the casting during contraction. Because of the hot SJX)t 

around the gate, the gate can be rrade smaller providing an advantage 

during knockoff of the castings from the runnerspheres. 

A third advantage is n:aximum nold yield. "A rrold w:i,th rominal 

thickness for maximum curing, in conjunction with patterns spaced 

closely as y:ossible, will produce castings with a maximum rrold yield. 

Ductile iron nold yield for light to medium weight castings y:oured 

at Booth Foundry is between 70.0% and 80.0%." (Eberhardt, 1980, page 5) 

Table 1 lists seven foundries that are currently using or testing 

the "H" Process list their increase in yield. The names of the 



foundries using the new process are confidential. A 27% increase in 

yield for ductile iron was the averaqe for these foundries. 

Significant Yield Improvement -- The benefits of the 
process are many, but the one that stimulates the 
rrost interest is the significant increase of salable, 
quality castings that can be produced from a ton of 
m2tal JX)ured. A case in :r_=oint is ductile iron: with 
conventional r.olding and gating practice, 1000 lbs. 
of castings are produced in the nold for every ton 
of iron I_X)ured, based on a 50.0% rrold yield. With t11e 
"H" Process, 1500 lbs. of castings can be produced for 
each ton of ductile iron roured, with. a 75. 0% rrold 
yield. (Miller and Company, 1982, note 1) 

This advantage alone makes the "H" Process an attractive alternative 

to cxmventional casting processes. 

Table 1 
Yield Increases for Seven Foundries 

9 

TYPE MOLD % YIELD % YIELD INCREASE IN 
FOUNDRY CASTING WT ''H'' PROCESS CONV. MOLD 

11
H

11 
MOLD % YIELD 

3.34 SHELL 45.2 71.3 26.I • 

2 3.30 ISOCURE 48.0 75.0 27.0"' 

3 6.00 ISOCURE 46.0 80.0 34.0 jlli: 

4 1.90 SHELL 44.0 74.0 30.0 " 

5 4.20 ISOCURE 53.0 78.0 25.0 

6 4.20 ISOCURE 50.0 68.0 18.0 • 

7 4.20 ISOCURE 53.0 78.0 25.0 

•ouCTILE IRON DUCTILE IRON AVERAGE 27.0 

(Miller and Company, 1982, note 1) 
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The runnersphere system's shape which has a high i;:oint aoove each 

gate traps slag and other contaminates as they float on top of the 

nolten iron. This decreases the anrnmt of slag defects in the cast­

ings made with this process. 

The use of rigid oore nolds yields a good as-cast surface which 

requires ver:y little shot blasting. Ver:y little grinding is required 

on the castings due to the small ingates. 

The finishing operations are reduced as discussed by Eberhardt and 

Jenkins: (1930) 

Reduced Finishing Operation -- The small ingate 
size, num.mal parting fJns, and improved as-cast 
surface as oompared to green sand nolded castings, 
results in less grinding, cleaning, and other 
salvage operations in the finishing department. 
In many cases, fins experienced from cores set in 

, green sand nolds can be eliminated by rnaking the 
cored area an integral part of the "H" Process 
nold, and thus eliminate the oost of a core plus 
a grinding operation." 

Another advantage of the "H" Process is the control of hardness 

and microstructure for:ma.tions. Due to the alignment of the nolds, 

side by side, unifonn cooling is achieved with only the ends cooling 

at a different rate. In Figure 3, 52 hardness readings were taken on 

two strings of castings. Pearlitic Ductile Iron was used for a hard­

ness s~cification of BHN 229-285. All of the castings fell within 

the acceptable limits with nost castings from the middle of the string 

grouped around BHN 255-269. 

A similar test of 40 hardness readings from two strings of cast­

ings using Ferritic Ductile Iron was plotted in Figure 4. The Specifi­

cations required a hardness range of BHN 156-217. Both strings fell 



. Figure, 3· 
Pearlitic Ductile Iron - Hardness Test 

302 

285 I@)®---□-□-□□----~□--

269 □~~□□ □□~~@@@ □□~ 
BRINELL 
HARDNESS 
NUMBER 

255 

241 

11 

229 ---@---------------

217 L_--J----l----l----1---+--+-+-+---+-+--4-11--1--+--+--+--+--+-+-1 

CHEMISTRY-% 

5 10 

CAVITY NUMBER 

15 

~ 2L_ Mn ~ Cu ~ _P_ 
3.60 2.67 0.27 0. 48 0.65 0008 0007 

D First Casting String 

0 Second Casting String 
(Eberhardt, 1980, page 27) 
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BRINELL 
HMDNESS 
NUMBER 

217 

207 

12 

·pi~4-•. 
Ferritic Ductile Iron~ Hardness Test 

(HARDNESS SPECIFICATION BHN 156- 217) 

CHEMISTRY-%~- -2_ Mn Mg Cu .2.... _P_ 
3.52 · 2.78 .045 0.045 0. 05 .0.017 0.028 

197 ®- - - - - - - - - - - - - - - - - - - - --□-

179 □ooo□□□□□□□□□fil□® 
170. --□□- - --- ---- ---- ---- - ----
163 

156 - -- -- -- -- -- --- -- -- --

149 

5 10 

CAVITY NUMBER 

D First Casting String 

@ Second Casting String 

15 

(Eberhardt, 1980, page 28) 
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well into the middle of therc3:11ge'throughout the length of the 
. . 

strings. '111e castings weighed 3 .• ·34 lbs. and used double-sided shell 

1rolds 2 1/ 4 inches thick. The ~ight of pour was 93. 8 lbs. with a 

1.·25: 1 sand-to;retal ratio. These tv.o· exanples are typical of what 

can be expected with the "H" Process with respect to hardness control. 

Miller and Ch-rpany has done comparative hardness tests betv~ 

green sand rrolding and "H11 Process rrethods for similar castings. One 

hu..'1dred readings were taken from roth processes using Ferritic Ductile 

Iron. The results are shown in Figure 5. The 11H" Process castings 

all :foll within the acceptable l.L':l.its, whereas, 1% of the green sand 

castings fell outside the limits. 

Figure 5 
Ferritic Ductile Iron Casting Hardness OY.noarison 

65 

60 

5 

5 

45 

40 
PERCENT 35 

30 

25 

20 
15 

10 

5 

,. 
I\ . 

I \ • 
I \ • 

I \ 
I :, 

\ 

- - - GREEN SAND MOLD 

--
11
H

11 
PROCESS SHELL MOLD 

\ 

\ 
\ 

\ 
\ 

\ 
\ 

\ 
It 

149 163 179 197 217 241 
156 170 187 207 229 255 
BRINELL HARDNESS NUMBER 

(Miller & Cbmpany, 1982, rote 1) 



Microstructure sections taken from 3/16 inch sections of the first, 

middle, and last castings of a 18 rrold string of pearlitic ductile iron 

are shown in Figure 6. The hardnesses yielded were BHN 285, 277, and 

285 respectively. All three sections exhibit unifonn microstructure 

rontrol throughout the casting string. 

Figure 6 
Microstructure Sections -- Pearlitic Ductile Iron 

MOLD 
LOCATION l 

C ..fil CHEMISTRY - % 
3
_62 2_66 

2.0% NITAL 

~ 

Mn 
0.32 

~ Cu 
0.049 0.67 

t8 

s p 
0.007 0.007 

(Eberhardt, 1980, page 30) 

Similar tests were ruri'on ferritic ductile iron cas~ngs of 3/4 

inch and 5/32 inah sections.{''Iflehardnesses rreasured were BHN 197, 
·L -187, and 187 respectively. Photomicrographs of these sections appear 

. ,., .. 

in Figure 7. 
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MOLD 
LOCATION 

Figure 7 

Microstructure Sections -- Ferritic Ductile Iron 

10 

C ~ Mn 
CHEMISTRY-% 3.52 2.78 0.25 

~ Cu 
0.045 0.05 

s 
0.017 

p 

0.028 

2.0% NITAL 

(Eberhardt, 1980, pa.ge 31) 

A slight increase in the arrount of pearlite is showti in sections 

1 and 20. This is due t6 the faster cooling rate at the ends of the 

casting string. This condition may be controlled by the use of insu­

lating material or boards to the end of the clamping fixture. 

The "H" Process yields a significant dividend in energy 

15 



conservation as illustratedbyEberhardt and.Jenkins: (1980) 

§ignificant Ener~vyigs -,.- With the increase casting 
yields that are ~ize~· fran .this process,· less rerrelt 
is generated with ccmrensurate rrelting energy savings. 
With current and future escalating.costs for energy, 
these savings can·be'quite·drainatic for foundries. 
For example; the cost to rrelt. cupola iron with coke 
at $ .08 per lb. a.munts to ·$22.:00 per ·tort ·of rrelt, 
assuming a figure of 275 lbs. of coke to rrelt a ton of 
iron -- a 7. 3 : 1 i rretal -to-coke ratio. '!his does not 
include the cost for hot blast gas, bl~r, or electric 
furnace duplexing ~r, oxygen, fluxes, and other 
related melting costs. 

16 

'!he savings are illustra~ed in Figure 8 for cur-cla melting. A nelt for 

a standard yield p'.)ur vJOuld require $4,400.00 in energy costs. A :rour 

with a 10% rrold increase requires $3,960.00 in energy costs. This is 

a $440.00 ($4,400.00 - $3:960.00) savings on coke per day or a $105,600.00 

annual (240 days) energy savings. 

Figure 8 

Energy cost 1€duction With Increase in t-bld Yield -- cupola 

$ 4600 
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(Eberhardt, 1980, page 24) 



Eberhardt and Jenkins (1930} go on to say: 

Similarly, the electrical energy to rrelt a ton of 
iron in a coreless induction furnace is $18.33, 
based on a requirerrent of 525 h'WH per ton of malt at 
a cost of $ .035 per I<WH~ Again, preheater qas, 
refractODJ costs, etc. , are not considered in this 
calculation. 
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Fi~'Ure 9 illustrates t.11e savings realized by a 10% increase in rrold 

yield for induction n-eltbg. Standard yield e.,.7ergy costs are $3,676.00. 

A 10% yield increase vKmld require $3,308. 00 for energy costs. '111is 

is a daily savings of $368.00 ($3,676.00 - $3,308.00} or $88,320.00 

annually. 

Figure 9 
Energy Cost ?-eduction with Increase in ~bld Yield 

Cbreless Induction Furnace 
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The "H" Process is a relatively new rrethod of rretal casting 

with many attractive advantages for the future. It is a process 

whose full potential has not been realized. 



Chapter 3 
·procedures 

A basic ,;.,orking knowledge of the "H" Process was acquired from 

various sources. Letters to ~tiller and Company and American Foundry­

rren' s Society Technical Library were written (See Appendix page 42-50) 

with the infonnation requested provided by these companies. Other 

sources of infonna.tion were identified through romputer assisted lit­

erature searches of the following data bases: Cortq:)erldex, ISMEC -

Mechanical Engineering Eile 14, BRS - TYMNET - NTIS, and BRS - TYMNEr 

- Conference Papers Index. (See Appendix page 51) The Library of 

Congress - National Referral Center Data Base in Washington, D. C. 

was contacted for a search of governrrent doct.nnents. These sources 

identified the same papers on the "H" Process. 

A gating system should oo the following: 

1) Provide metal to the r,:old. 

2) Limit turbuler1ce in the rrolten r.etal during PJuring. 

3) Feed the casting during the solidification process. 

4) Provide a clean metal flow. 

Using these as the objectives to be obtained for the "H" Process gating 

system afong with infonnation obtained in the revie-1 of J.i terature, a 

gating system was designed. 

A casting of a one inch cube was chosen as the standard shape. A 

cube can be measured easily, inspected for defects, and will exhibit 

shrinkage due to its thick section very readily. Altnnim.ml was ch:>sen 
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as the rretal to be cast due to the ease of controlling irelt and pouring 

conditions. The core box was constructed using the prorer shrinkage 

allowances for aluminum. 

The· runnersphere which serves as a riser was calculated using the 

conventional risertng fonnula. The riser must solidify after the cast­

ing being poured,in order to feed the shrinkage properly. N. W. Chvor­

inov developed a lQ<Jarithmic curve giving solidification ti.ine of cast­

ings of various sizes (See Figure 10). 

Figure 10 
IDgarithmic CUrve For Solidification T:ine 

200 

100 

50 
30 

SOLIDIFICATION 20 
TIME IN MIN. IO 

5.0 
3.0 
2:t,· 
1.0 

0.5 
0.3 
0.2 

01 02 0.5 I 2 5 to 20:D 100 
SIZE COEFFICENT R 

R = Volume, cu. in. 
Surface area, sq. in. 

(Sylvia, 1972, page 155) 
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Volurre, cu. in. 
The size coefficient R = Surf (Sylvia, 1972, page 155) 

· ace area, sq. in. 

A riser can be considered as a casting differing only in shape from 
C 

the casting it feeds. 'lbis·allows the solidification rate of a 
'"'· 

casting to be dependent on the relat::.on between surface area and 

volurre of the casting and riser. 

Volume, cu. in. 
Rcasting == Surface Area, sq. in. 

1 . 3 
in. 

= _ 6 in.2 
= 0.16666 

Solidification time for the casting is .3 minutes from Figure 10. 

Assurre 

· Vol~, cu. in. 
= Surface Area, sq. in. 

Volume of a sphere 4 7f" r3 
= 3 

= 4.1888r3 

Surface Area of a Sphere = 4-,,- r 2 

RRiser 4.1888r3 
=----

4 7f r2 
the Riser 

1 in. 3 

1 in. 3 
4.1888 

to have a volurre of 

= 4.1888r3 
= r3 

.2387318 in. 3 = r3 

3).2387318 in. 3 = r 
r = .62 in. 

1 . 3 
in. 

Area of sphere = 4-,, r2 
= (4) (3.14; { .62 in.) 2 

= 4.828 in. 

1 in. 3 
RRiser = 4.828 in. 2 

= .20712 
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Solidification ti.ne for the Riser is ~6 minutes .fran Figure 10. ·'!he 
\, ,, ,:,."', . ,.. 

solidification time . for the ~~sting wa~ • 3 mbluMs ·ana tilt ··ti.Joo for 

solidification of· the riser was .6 minute$, ther~fpre,' the riser will 

feed the casting during solidification. T'ne radius of the runnersphere 

used was .62 inches. 

If the riser is to feed the casting, the gate must not solidify 

before the casting. The "H" Process creates a hot srot bet.ween the 

riser and the casting which keeps the gate fran freezing. The maxi.111UIT1 

length of the gate should be the riser diameter divided by two. 

Maximum length of Gate 

Maximum Length of Gate 

= 

= 

Diameter of riser (see Figure 11) 
2 

1.24 in. 
2 

= .62 in. 

A gate length of • 25 in. was ch::>sen. 

T'ne diarneter of the gate equals the length of the gate plus two_tenths 

of the diameter of the riser. 

Diarneter of gate= I.gate+ 0.2 Diameter of Riser (See Figure 11) 

= .25 in. + (0.2) (1.24 in.) 

= .25 in.+ .248 in. 

= .498 in. 

A weir or dam to oontrol the metal's forward velocity must be 

inoorrorated between each of the runnerspheres. These weirs ensure that 

the rrold being i;:oured is o::xrpletely .filled before the metal flows over 

the weir to the next rold. It was placed on the upper one-hal.t of the 

runnersphere with its lower edge on the centerline of the'sphere. 



Figure 11 
Riser..;.neck Dirrensiorts ·-· Top Riser 

RISER ,- .... , 
I \ 
\ I 

' l .... , -

Dn 
CASTING 

Ln Maximum of D/2 

(Sylvia, 1972, page 164) 

It blends uniformly from the shape of the runnersphere to an oval 

shape with a cross-sectional area approxiniately equal to .125 square 

inches. Using the dimensions listed above, a core box that produced 

a cbuble sided core was produced (See Figure 12). 
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A matchplate to cast eight one inch cubes was made to corrpare the 

conventional green sand casting process to the "H" Process. The calcu­

lations for the size of the gating system can be found on page 55 of 

the Appendix. 

Eight clear plastic cores were made using a clear_casting resin 

and the "H" Process core box. (see figure 12) '!he plastic cores were 

assembled as if they .were sand cores in preparation for casting. 'Ihe 

first core had a down sprue drilled into the runner~ere to allcM colored 

water to enter the gating system. Fafh casting cavity had a small hole 
ii 

drilled through the plastic to allc:M t."1.e air to escape. 'Ihis i,,,ould not be 



done on a sand rrold . Due to the r:orosity of the sa11d, t..11e rrold gases 

escape through the sand. 

Ked colored water was p:_)ured into the rrold string filling the 

first four full casting cavities. Blue water was then roured in the 

sane manner with the mixing action of the flow pattern being recorded 

by a camera. 

Figure 12 
"H" Process Core Box 
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Olapter 4 
Results 
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'Ihe "H" Process core oox in this study has a total volurre of 2.03 

cubic inches per core . 'Ihe runnersphere volUJre is 1.03 cubic inches 

per core. 'Ihis is a 49% yield for this core oox. The weight of the 

castings and nmnerspheres is 1 . 59 p:)Unds . 

'Ihe rratchplate using conventional gating practice has a volume of 

16 . 51 cubic inches which includes the eight cubes to te cast. (see 

figures 13 and 14) 'Ihe gating system, including risers, has a volume 

of 8.51 cubic inches for a 48% yield. 'Ihe weight of the castings and 

gating system is 1. 6 pounds. 

Figure 13 
Matchplate Cooe 



Figure 14 

Matchplate Drag 

The flow test was recorded in a series of pictures. 

the core string prior to the flow test. 

Figure 15 
Flow Test -- Set Up 

nte 
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Figure 15 shows 
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In Figure 16, a close view of the runnerspheres, the weir or dam is 

evident between each sphere. 'Ihe portion of the sphere above the 

weir is to trap floating contaminates in the retal. 'Ihe ingate is 

obscured by the parting line between the cores. 

Figure 16 
Flow Test -- Rurinersphere Identification 
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Each rore is locked with a mating half of the next rore by locating 

pins as seen in Figure 17. The red rolored water was introduced into 

the rrold string filling the first four cavities as sho\vn in Figures 

18 through 21. l'bte the forward velocity is rontrolled by the weirs. 

Figure 17 
Core IDcating Pins 

LQCZ\.TING 
PINS 
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Figure 18 
Flow Test -- Cavity One 

CI.AMP 

Figure 19 
Flow Test -- Cavity One 
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Figure 20 
Flow Test -- ~ersohere Close-uu 

Figure 21 
Flav Test -- cavity One through Four 
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Blue colored water was r:oured into the gating system to check the 

flow within the gating systeI!l previously filled with red water (See 

Figures 22 through 29). N0te the blue water forces the red ahead of 

it as it flows through each runnersphere. The r.etal is completely 

replaced by fresh or hot liquid. The castings already filled remain 

red, therefore, the cooler rretal remains undisturbed within the cast­

ing cavities. The forward velocity is continually checked by each 

successive weir. 

Figure 22 
Flow Test -- Introduction of Blue l·later 



Figure 23 
Flow Test Runnersphere Close- up 

Figure 24 
Flow Test 
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Figure 25 
Flrn,, Test 

Figure 26 
Flow Test -- Cavity Five 
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Figure 27 

Flow. Test --- Cavity Six 

Figure 28 
Flow Test -- Riser Filling on Cavity Six 



Figure 29 
Flo.v Test -- Cavi tv Seven 

Figures 30 to 32 show the final result of the flow test. Note in 

Figure 32 the end caps and clarrping fixture. 

Figure 30 
Flow Test -- Filled I--·blds 
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Figure 31 
FlCM Test -- completed 

Figure 32 
Flow Test -- Final Form 
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•> ~~\5 
Discussion·ana conclusions 

• 'it, .. , ··, . .· ... r 
The "H" Process runn~ eysterµ desi~ed .iri "'tJus' stuaf' ~vclS evaluated 

on b'-le following i;oints: ;; ,,. 

l} I:bes the gating system provide rretal to the nold? · 

2} Is turbulence within the r:olten rretal reduced by the runner 

system? 

3) Is shrinkage controlled? 

4) Is clean rretal provided to t.l'1e casting cavities? 

~e gating system designed consisted of a 00'"11 sp!Ue, a series. of 

ru."1.I1c!"spheres, gates to casting cavi tics, and a vent hole. The runner 

system designed provided rretal to all casti.'1g cavities. 

A la'Tiinar flotv within the nol ten petal was achieved in t.l-ie runner 

system usi.'1<J large radii where µ:>ssible.. ?his flow characteristic was 

clearly observed during the flow test of the clear plastic. cores. This 

test t.ould be analagous to t'1e flow of IiDl ten n:tal because of the 

si..ri.lari ty of be.11aviors for all liquids concerning their flow ;;)rorert,ies. 

One of the key parts of the runnersphere' s success in flow cx:mtrol 

is the ·weir between each successive run."lersphe.re. Durincr, the flow test, 

the cbwn sprue was kept· fµll. allowing thel'fastest possible· flcM within 

the runner system. The forwa .. v-d velocity •.-,as checked by &ch l>~ir allow­

ing a controlled5EGUentialp:>ur of all .nolds in the casting string. 

Shrinka98 ·oontrol was achieved U$ing this ne-1 rurinersftlere oonfig-
,. ,, . ' ·, 

uration. '!he riser in a c:x,nventional gating sys-ten was repla~ by 

the runnersphere which is attached to each casting by an in-gate. F.aeh. 



runnersphere was large en:>ugh to feed.the casting a,s solidification 

occurred. The presence of a oontinuous supply of nolten rretal was 

made i:ossible.due to the constant flow of fresh mt rretal in the 

runnerspheres during the casting process. Directional solidification 

was enhanced by the configuration of the gating system which also 

aided shrinkage oontrol. The in-gate did not freeze off due to the 

natural hot SJ;X)t created between the casting and runnersphere areas 

around the gate. This allowed the rurmersphere to feed the internal 

shrinkage within the casting. The results of shrinkage control are 

less scrap and rn:::>re usable castings which can be translated directly 

to a lower cost per casting. 

Floating oontaminates, which are a problem with heavier rretals, 

are taken into account in the design of this runner system. The upper 

I_X>rtion of the spheres in the runner system are natural traps for 

oontaminates. If good quality nolds are used with properly melted 

rretal, the runner syster!I should trap the floating oontarninates which 

lowers the scrap rate and the cost !)er casting. 

The gating system designed did maet all of the requirerrents as 

listed above. The main advantage of the "H" Process is the increase-
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in yield ~of castings for the arrount of rretal poured. The increase over 

the oonventional gating system which was designed for this paper was 

not as great as expected. '!his may be due to an oversized runnersphere. 

Fonnulas for the correct dinensions are protected by license but can be 

purchased from Miller and Cl:lrpap.y. Further experirrentation may be able 
,1'< J-,.. 

to increase ·the yield ,r,~~- for'' this rn:::>ld. 



' The "H" Process is a. relatively n.e:1 . found..7 technigue being put 

into practice in 1975. 'Ibday,, the cost to produce castings is being 

investigated constantly in an atter.pt to find ways to save :roney. The 

"H" Process can reduce Hie cost per casting by utilizing a higher yield 

rate for the rretal r-oured, better shrinkage control, and better contam­

inate control. The "H" Process is a unique rrethod of casting :.:-etal 

and is an economically viable solution in an ever changing industry. 
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Cean A. Boyce 
 

Waterloo, Iowa 50703 

Miller & Company 
55 East Monroe St. 
Chicago, Illinois 60603 

Dear Sirs, 

I am a graduate student at the University of Northern Iowa, 
Cedar Falls, Iowa, and am interested in the horizontal 
process of metal casting. The article "The Horizontal 
Process: a new twist in Casting" by David T. Curry in the 
August 21, 1980 issue of Machine Design lists your com~any 
as the licensee of the Horizontal process in the United 
States. 

I have been unable to locate much information on this topic. 
Would you please provide me information about the process, 
specifically, the runner system, weir, and well. 

Postage has been included for your convenience. -Your prompt 
reply will be greatly appreciated. 

Sincerely, 

Dean A. Boyce 

Enc. 



THE TOTAL SEB\"ICE PEOPLE 

55 EAST MONROE STREET, CHICAGO, ILLINOIS 60603 
TELEPHONE: 312-372-1500 

Mr. Dean A. Boyce 
 

Waterloo, IA 50703 

Dear Dean, 

October 27, 1982 

Thank you for your letter asking for information on 
'H' Process. 

I am enclosing our literature on 'H' Process that we 
send to prospective licensee foundries. 
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It isn't possible to give you specific information on 
the items you mention since these are the basis of the patent 
for which foundries pay a license fee. 

If you could indicate more clearly the reasons for 
your interest in 'H' Process, together with any industrial 
connections you may have, we could possibly go into more 
detail. 

BG:ml 
Encl. 

Yours truly, 

Brian Grice 
'H' Process Manager 

SERVING THE MEL TING INDUSTRY SINCE 1919 



C. M. Eberhardt 
Miller & Company 
55 East Monroe St. 
Chicago, Illinois 60603 

Dear Sir, 
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Dean A. Boyce 
 

Waterloo, Iowa 50703 

I am a graduate student at the University of Northern Iowa, 
Cedar Falls, Iowa. In October;, 1983, I requested information on 
the "H" Process of Metal Casting. Your company provided a report 
by L. R. Jenkins and C. M. Eberhardt entitled Update of the "H" 
Process. The information contained within that paper was used 
as a source of reference in my Masters research paper. 

Quotations were cited using the Fourth edition American 
Psychology Association format. All the information from charts 
or graphs used were redrawn and properly cited. 

To avoid any copywrite violations I would appreciate a written 
letter of permission to be included in the appendix of my paper. 
Enclosed are sample copies of my report for your examination. 

My research paper is being written to fulfill the graduate 
requirements for a Masters Degree in Industrial Technology. 
It is not intended for any other use, such as publication. 

Postage has been included for you~ reply. Thank you for your 
time and cooperation. 

Sincerely, 

 
Dean A. Boyce 



Gordon Gledhill 
Miller and Company 
Suite 3525 
55 East Monroe Street 
Chicago, IL 60603 

Dear Gordon: 
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Danville, IL 61832 
October l, 1984 

Please find enclosed a reque&t from Dean A. Boyce, graduate student at the University 
of Iowa, regarding permission to use "H" Process technical publication data for a re­
search paper to fulfill graduate requirements for a masters degree in Induatrial Tech~ 
nology. 

This request was forwarded to me by the Chicago Office, but should ioore appropriately 
be handled by yourself and Miller and Company. 

CC: o •. A. Bois_e 
File 

Best regards, 

c. M, Eberhardt 
Metallurgical Consultant 



. k 
~-~ 
~ 

THE TOTAL SERVICE PEOPLE 
55 EAST MONROE STREET CHICAGO, ILLINOIS 60603 

TELEPHONE: 312·372-1500 

OFFICE OF THE 

VICE PRESIDENT CORPORATE SUBSIDIARIES 

Mr. Dean A. Boyce 
 

Waterloo, Iowa 50703 

Dear Mr. Boyce: 
. 

October 9, 1984 

Referring to your letter addressed to the attention of Mr. C. M. 
Eberhardt, we agree to allow the 11 H" Process data attached to your 
letter to be included in the appendix of your paper towards a 
Master's Degree in Industrial Technology. 
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We appreciate the documented notation regarding your thanks to Miller 
and Company and take this opportunity to congratulate you ahead of your 
graduation and wish you well in your future endeavors. 

AGG/lmc 

cc: C. M. Eberhardt 

SERVING THE MELTING INDUSTRY SINCE 1919 



AF S Technical Library 
Gulf and Wolf Roads 
Des Plaines, Illinois 
60016 

Dear Sirs, 

Dean Boyce 
 

Wa t'e;loo r•Io~.,;_ . 

5Q703 

JAN O 6 Rretl 

I am a graduate student at the University of Northern 
Iowa in Cedar Falls, Iowa. I am currently conducting 
research on the Horizontal ("H" Process) Process of 
Metal casting. The process was developed by w. H. Booth 
and Co. Ltd. with Miller and Co. of Chicago, Illinois as 
the United States licensee. 

I have been able to locate only a few trade journal 
articles on this topic. I would appreciate any help that 
your library could provide me. ,r 

Thank you, 

Dean A. Boyce 

DAB: ahb 
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CA IV-146 

CASTING METHODS !SP,:UAl.i 

rtl.f.: Nl~t:[Ll.ANEOUS 

THC H l'ROC[SS or R[PCTITION CASTING IIANUFACTUU 
F. H. Moult 
AFS Trana•ct lone 1~79. p. 2)7-21.0 
Aval )Able •• Preprint No. ,,_._, ~ 

J. 
C· D lJ 

Th4!' H Proceea u•~• rlRld, double-aided tw'llda produced by coreltlowtn« 
.. chtn.-e. C.ch w,ld carrle■ • hAlf cA1tln« t-,raetOfl on e,ach alde, 
coaplete vtth runner bar, fetrtter hea4 and lntt•t•. Nolda, \Alen claaped 
together horl&ofttal ly, fora • pouring ■y■ te■ of • top contlnuou■ runner 
•·nd feeder bar. Tht ■ ruftfter/feeder bar ta at one end ope11ed up to fona 
• pourtnc ba■ in. 

The- obJectiN of tht■ paper ta to ••platn th• Hvant•1•• of controlli"I 
variable■ in ca ■ ttng Mnuf,actul'e and ahov hov the1 can be •Pilled to the 
p-roductlot1 of c11ttna• 'vtth reaultant efftctency, econoay of power. and 
rav aaterl•l ■• The N Pree••• and the ■pecl•l conetderat lot1a tn u■ tng 
tht ■ proceee are •••crtbed In the -paper. 

lllu■ tratlona are lncludff • 

._ _____ AMERICAN FOUHOflYlolEH'S SOCIETY I CUIIRENT AWAIIENEH KIIVICE -

ii 
SAND MOLDING 

CA 80-279 f"ILE: ~ 

THE "H" PROCESS 
r. H. Hoult J. 
Br-1.tish roundr-y,iw.n. SuppleRM!nt (June 1979),. p. 47,.49,.'!tl-52, 4 p.1qes .)."-/p 

The •H•, or Horizontal Process,. consists of the use of • douhle­
sided core c.apable ot being .asseN>led into • hori£ont•l st.ring or­
cl""'P• Adv•nt~es of the process include control led pour, flow 
fe~, •nd &hilit.y to st.ore eoces .sn<1 cast when required. Det.sils 
of the process are Ulustr•ted .and so1M1,acized in this article. 

------- AMERICAN FOUNOIIYlolEN"S SOCIETY/ CURRENT AWARENESS KRVICE ----• 

II process 

ij:§ CA 81-102 FIU: SAND HOLDING 

UPDATE OF THE ff-PROCESS 

L. R. Jenkin■ and C. K. tbel'hardt 
Available H TR SOOS ~ # /1, . ., o 

Thh article deacrlbea the baelc e1f:1Hnt111 11nd hen~f1t• of th~ "W' 
Proce ■ a (Horlz:ontal controlled flow f6!ed) •" utilh:ed by w. H. looth 

.' C0t11pany 1n England. The process conalsts of pouring .rtal lnto 
rigid. doublesided aand MOld ■ that 11re cl••ped together- tn • block­
type. horizontal etrlaa •••e•bly. Hold• co1n be IMlde frc>11 shell. atr-
1et. co1dbox or hotho• bc,nJcd ,,anda. HtgtW!r tlelda. controlled flow.' 
proaot lon of dlrccttonal ·•ol ldlflc•tion~ low 11.tttd/.aetal ratio• •nd' 
-.xi••• tNt•I t••pcrature-11 •t the WM>lcl cavlt, .-r~ ite•• ·ut l t h.ed to 
advaut nR,• by ttw proctrs ■• 
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AF S Technical Library 
Gulf and Wolf Roads 
Des Plaines, Illinois 
60016 

Dear Ann, 

Gean A. Boyce 
  

Waterloo, Iowa 
50703 

Thank you for the reference infonnation that you sent to me 

on the "H" process of metal casting. Please send the following 

materials; 

CA 79-746 File: MISCELLANEOUS 

THE H PROCESS OF REPETITION CASTING MANUFACI1JRE 
F. H. Hoult 
AFS Transactions 1979, p. 237-240 
Available as Preprint No. 79-69 cost $5.00 

CA 81-102 

UPDATE OF TifE H- PROCESS 
L. R. Jenkins and C. M. Eberhardt 
Available as TR 8005 

File: SM1D ~OLDING 

cost $16.00 

I am enclosing $23.00 for the materials plus postage and handling. 

Thank You, 

  
Dean A. Boyce 
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l iji AMERICAN FOUNDRYMEN'S SOCIETY SO' 

~-·•oocxn INTERNATIONAL HEADQUARTERS: Golf ond Wolf Roads, Des Plaines, Illinois 60016-2277 , 

I....:"~ No: O 122 4 

Bill TO: 
DEAN A. BOYCE 

 
WATERLOO IOWA S070J 

SHIP TO: 

DATE 1. 21. 8 

!!!• QUANTITY DESCRIPTION 

LIBRARY 
PHOTOCOPY ARTICLES 
4 PAGES PREPRPT 1,-69 

TECH REPORT 
8005 

HANDLING 

AMOUNT OF ORDER 

PAID l. 18.83 

OAT£ Of SHIPMENT: _______ _ 

Pl.EASE ENO.OSE A COl'Y Of THIS INVOICE WITH YOUR REMITT A~ 
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Calculation for the Coriverttfortal Gating System 

A ratio of 1:4:4 for the choke, ·cross sectional area of runners, ., 

and cross sectional area of the gate~, respectively, was used for these 

calculations. The choke was placed at the bottom of the down sprue 

with a diameter of .56 inch used. 

Sprue base -- 5 times the choke CSA 

?r'r2=CSA 

(3.14)(.28 in.2)= .2463 in. 2 

(.2463)(S) = 1.232 in.2 

1.232 in. 2/7T' = .392 in. 2 

J.392 = .626 in. 

(.626)(2) = 1.25 in. 

Dia~eter = 1.25 in. 

Depth= 2 x Runner Height 

= 1.34 in. 

Runner - Two Runner Bars 

Choke area= .25 in. 2 

TCSA of Runners= 4 x .25 in. 2 

TCSA of Runners= 1 in.2 

CSA of 1 Runner = . 5 in. 2 

Runner dimensions= .75 in. x .67 in. 



Gates - Eight total 

TCSA of Gates= 1 in.2 

CSA of 1 Gate= .125 in.2 

Gate dimension= .75- in. x .17 in. 
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(.American Foundrymen's Society, 
Basic Principles of Gating, 1967) 

(.American Foundrymen's Society, 
Basic Principles of Risering, 1968) 
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