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Plant requirements for manufacture of shallow well haod pumps

(lOI) U.S. Dept.of Commerce., Office of Technical Services

(Plant requirement no. 59)
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In the manufacture of shallow-well pumps the important factors
to be analyzed, studied and clarif~ed are:

SHALLOW-WELL HAND PU14PS

Size and S'tyle of' .Pumps:

The design of a simple type hand pump is sho1lm in figure 1, n.
It ic made of gray cast iron, having a bore of 2 :;Yl6'r~ anc~ a piston ' .
movernent of 6", obtained bya hand lever.. The bottom casing is tapped
£or 2 1/4" !nsids diameter pipe. This pump ....,illqeliveraf'pro7.if.lately
200 gallons per hour, with about 30 to 35 strokes pel" minute.

(a) The size, type, and design of a hand pump that will ra ;.So::l

water most effi'Ciently from a ~laximuro depth of 22 feet and that can be
made economically in a small foundry em?loying only a few operators,
mostly unskilled;

. (b) A fOl.mdry and shop properly equipped to r:;.aJce these pumps
of gray iron, and finish the.castings accurately, for exa;:-,ple, a plant
equipped at the ::,tart with the rmallest number of machines and tools, anc­
with most of the work done by Manual labor-r

(c) Some technical control~ t~o aSl3ure sound castings J a
training system fer the shopmen inclUding protection against accidents,
and a way of checking·all shop operations to avoid waste.

FounJr.y Practices:

V1.E'..king good castings consists of pr~parine the lTtoldE, (maki'1g
cavities in the sand, placing gates and risers at the right places) pre­
paring tl..e melt, and pouring the molten metal into the molds.

* Preparing the Proper Patterns:

A split pattern, shown in figare 1, c. is r:rovicled with the
~. necaesary projections into which the projections of the andc; of the dry

sarn core will fit when the pattern is lifted out of the mold. The round
core is thus anchored in the mold so that it will not float out under the
buoyant forces of the metal.
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Tho cOre is used to fom the cavity in the pump which is later'

machin'led accurately in the tool room to accommodate the 'piston~ This c'!­
lincl'ical core is inserted in ,the mold after the wood p;:;;ttern has been .
removed from the ;mold. The core is prepa.red in wooden/tololdf) (core boxes)
and.\ kep in an oven at a low temperature (about 4000F~:)to harden and d!y.·

Gate and Riser:

The riser is that part of the mold where the excess metal above
the casting nows and serve~ to keep the body of the mold full and to re­
ceive any dirt or scum which rises. The rjfer is designed also to carry
off the air pushed out of the mold by the inflowing metal, when the mold
is filled with the metal. For a small casting, a single riser and gate
are sufficient as the hot metal does not have far to run.

The li10st"~~I.(portant part of the job is making the cavities in
sand, for example, preparing the molds, becauE:e if this is not done
correc~:tly, a defective casting results. The molds are built into the re...
quired shape by hand, and the. 'Wood pattern for 'the mold shC'>tJ,d ~eorversize
to a').low for shrinkage in the cas&.in,g. Cast iron shrinks ~bout l/~ inch
perf-oot in eooling from the molten state to room temperature. \' .

". The bes" quality.sand adapted f{)r-r~'Pldry use can be obtained
onlythroughcareful,examination of the sand aviiilable. It should be re~

memberecithat Cth$ 'ext~nse fof sand is only' a.bout 11 of the total c0et of
thecastingil'~~ sand should b~ well graded,' t§lstedan'd SM'uld stand a

; high ,Sintering p~int of 25OOOF. For each'pOuring operation a new mold m
be made. Properly selected sand can be ret::'1mpedand used for successive
molds by adding, a small amount of new sand to provide l:Jond. Permea,bility .
or the 'ability of th~ tamped sand to permit the passage of gases through
it is a very important property. The finer grained sand composed of sharp,
anguJ.ar-shaped particles are best for gen;eral molding work as they have
good porosity, fO~iIl a good bonti,having more open structure than sands of
round grain. }fIolding light castings ,'like pumps, is best done with snap
and ta.per flasks, as these provide an excellent guide for a parallel Iftft
of the plate and f.acilitate accurate lifting of the top part. Small hand.
ramming tools are used to ram the sand around each half of the pattern.



Me1.ting the Natal.:

The cupola i:3 the most widely used or 'all founory'fttrnaces,
me1.ting iron .for all kinds of ordinary castings~The cupolals cha.r
with pig iron,. iron scrap (defective castings, gat~?and risers)' '
stee16crap., the relative P1"opoz:tions depending upon the deaf'
'of the cas'tings to be poured. Ttis iF learned byexper:imentat
cupo;,. is a straight, abaft furnace, open.. at the top, lined ,wi
f~~';;'clay brick and 'charged through ooors about halfway upth

, ,altert'\ete :l.qers"o:f" cokej~ndiron ana, .with a little .limestone
.. ! flux: ~he :coke a2h and maker the, slag more fluid ~ 'The slag C ,
'8.ahrfom, the coke, ,.1.mpur1:tles from ,the. n}etal 'and material f
walls a! ' the ,cupola. "



sane wM,ch might have ftist1d with the
iron brush.

YJaking the Bottdm. Plate aoo Handle:

While these are much gimpler castings,
same as for the pump body_

Finishll1g of the pump body,
the toolrOQm.

. By ucing a special jig to hold the head of the pump body in· t.he .
chuck vf ~a lathe the inside patt of the pump body is bored'out to a diame·'
tar of 2 5/16 in-ches. Gaging is done with a simple~gage. The holes are
Cirillcd :in a $ma1l upright drUl press for the screw and the threads are
cut with a tap.

Aleo the piston and top valve are machined
special die iE used to cutout theleatheroisc5 for

Threading the bottom plate. ie done on tl~e lathe, while
on tihe pipe arecn'twit.p- a hand threader.

Once tho foundry is in operation, :somdtime and thought
go to measuring and controllir~'- the productivity of the shQpmen. .Obse~.;mce
of their daily activities may:.t.:ead to certain fixed figures either L'l1 te:r,lns
of time or tonnage per week, per man; figures which would indicate a better
way of using the available mechanics, andewvreexpeditj.ous handling of .
the raw materials. .... ,.

From such weight and time figures management may judge what
phaee of the day's work may be improved. It may then be possible to note
operations uselessly repeated, to find out how to make materials more ,. =
readily avai11':l.ble at each station, how to introduce some tool or material
handling equipment which can speed up casting of the pumps,. reduce fatigue
of the operators, or how molders can'l¥pend more time in the actual production
of the castings and less in general labor around the shop.

Employing an outside, ,experienced foundryman as a consultant is
an accepted practice. Be can help management by instructing the :shopmen
in better mold and core making and more, efficient handling and cupola
operations. An experienced foundryman can establish some control by better
planning the weeltly pouring of the metal, using the best way of cleaning
the castings, initiating some sort of training and a,pplicatlon of safety
measures for personnel, f'imUng the best way to check the accuracy of the
finished product, and maintaining general cleanliness and better order in
t~e shop.

There are no suitable or reliable formulae to gage exactlT the
weekly productivity for the thousands of different shapes produced today
in the hundreds or roundries. Prices are rinally established on the
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fool room equipment:

2 Lathes with chucks, 2 jigs 1#0 hold pump !U1d bottom plate,
and tools for inside boring of pump, and threading
bOttom p'late ., )ilI ••••' •••• ' .,; •••1

1. HaD.d th:reSii eut'ter .- :4.: ~ It ••' •• ' ••••• ., •••

Taps -for threading holes in bottom plate .
Lathe tools for facing operations •••••••••••••• ~ ••••••••••••
"·2",-,{3~, ,~r1.pt'a:nn.. •••••• '•.• ' ,•••.. · -- · '.••••• • .
1 Die' for cutting leather discs .
1 Band~saw for pattern shop .
1 Ha.rld ''''Pi.8.ner ' •••:': •••• • • •.'•• • '., • • .,••,. & •••••••••' •• • • .-'. -, • ••• • .. ~ ••'.'

SmaJ.l tools for pattern shop, such as sender, and gluepot· •••
Vises, lockers, gages, sandpaper, mold wash, clamps, and

chisels J

market

• <:

1 Cupola, comrletewith bricke, tuyeres, plates,. 36-inch dk5'leter ... .,.$6,000
. diBille·ter··.; •••••••••• ; ". 6~OOO.OOO·· .

1 Turbo ~ompressor1 5."horsepc.;1oIer ~ ~ •••••••• •• 1,000.00
Cupcl&,·,r1ri1der's pick i!!d "taping chieel ,0 ~. e...... clO.OO
Sa.nd sC::"8eningunit, 'horsapowe:r •• ;. ' ; ••'••••••• ~~ •• 800.00
Small:'iandmhe~,.5 horsepmldl':', . 5Cub1~feet .~.~...., 400.00
M001der~ too1s~T.rowe1s, slickS,' gate cutter, lifter, leaf'.

. and eqv'lre, spoon, bG3d, square and rounded.
corner, sho'vels· and forks ..

Foundry riddles, bellows, core brushes, dusters and hand
spray:. 'e-,••• _" •••••••• ,_ .' •••••' •• '•• '.-'••••- .- ••••':••• '- •••••'.

Snap flasks, clamps, sprue cutter, chaplets, gaggers .
Hand 1ad1e shankS and two-wheel buggy ladle .
1 -,optical 'pyz-OJ11e''ter ,. •••-•••••,•• -•••,•.•'-••••-•• ' ,••••••••
1 Electrical. grinder, sp~re abras.ives .
JliB.terial in stock, suc:h as sand, coke, limestone, refraetory

brier, and. .'l!.ies •••••••~-' '•• '••-••'•••'re .-. ,••• '. •• - 3-.()o().:OO
$12,735.00

. It shou..1.CJ be remembered tha'~ a specialty foundr.f making a PtmiP
is a. one-man orgar.ization in that the shop foreman must be res1'JOnsible for
.all metallurgical problems and. shot:- techniqu,~s, such as charging ·the
furnace, ma.1:ing the molds and oo:,:,es" and for melting, cleaning, and in-
specttng the finished product. . .

As' the business grows? moderniza.tion rna)' '",~ effected tbroughin- .
creased plant lE;1"0ut~·~getterproduction equipment, improved ventilation and',
dust control, sid' ~iiecmmized or motorized handling. A!i1ongth\;)' economical .

~ advantage9 of such modernization are tile savings m;ade through elim1~atiug

manua.l operations; a better ~hance for ·the workers to increase their .
ea.r.nings and raise their standard" of' .J.iving; bigger 'Output of finer ·-castin
and .maintaining !i:t the S~ ti."rle the coinpeti,tive status· or the 51101'.

£CIIIP.tmi!.

­.
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For five men, producing fifteen pumps $ 6.75
(P'igured on the basis of the wage scale shown above).

Two mechanics in the machine shop finishing these rough
castings, making the pistons and other small parts shown
in. Figure 1 ' " .

Pat-tern IDakel'., •• "'.................... • •• "' ••••••••••••••••••••••

Establishing a productiori;st-an<iard per. man-ho'Ur for basing cost .
estimate., for output in pounds of' good casting in a ~ma.ll loundry ma:y be made in
this case as follows:

Output in the molding area, per man hOU1'"•••••••••••••••••••••••••45
Output in the clearing area, per man hour••••••••••••• o ••••••••••45
Output in the core-mking area, per man hour 45 pounds
Average production per_ man, per hour, in small rough c:astings••••45 pounds

- As the average weight ()f a rough pump casting is figured at 15 pounds,
on tb8 estimated 45 pounds basia,t.he production per man, per hour is 3 pumps.

Working the foundry With five men, this gives a final figure ot
15 I"Gl~gh pump bodies produced per hour. Hence:

Labor Wages:



Material Costa;

Cupola c~rge, at a rate of $0.06 per pound of iron and
ser~p, for 15 pumps, at 15 pounds pe:.r pump $l:3.50

Adm.tional material for loading cupola" figured at a .
standard rate of 30 perce'1t of cupola charge " .

Sand, ':ore sand~ nails, patterns, drier, and heating, at a
standard rate of 10 percent per cupola charge•••••••••••••••_=.....

Total:

Markup, st.andard 100 percent" tor such items as ~~alaries,

insurance, fuel, power and light" general supplies,
advertising and selling, building, tool care and
maintenance,' taxes, depreciation of buili.dng and
equipumt, postage, telephones, bad der-ts, administration
expenses, and other fixed charges k!"~wn to each shop••••••••$JO~15

Total for 15 pumps, ready i'or shipmeri'~•••••••••• c> ••••••••••••••••

Total tor ,one -pu.uq>•••••,-••• '•••.••'. __.,;; •••,•••••••• _,_~, .-••"•• '~ ••,_ .".,.: ••;,/.

~r Small roun~· I~

A small foundry could ar,u should make, in addition to the hand pumps,
6tl'M':ir cast ironworkpieces. TI'Jere is r..o limit, of course,. to the great
variety. A tev possible articJ,es ar~: Pipes, .-alves, wheels, stands, troughs
&"1dplows. A foundry capable of producing such and similar workpieces would
provide ill community with a great variety of articles for the regUlar local
market as well as for emergency requirements.

BibliOgraphY:

1. Publications by the Arerican Foundryments Society, 616 South M..i.chigap.
Avenue, Chicago 5, Illinois. Recent. publications of thesociet;y
present new ideas in foundry practices, on tohe latest developments
in research, and ideas advaneed by outstandine engineers concerned
'With the theoretical and pro.ctical aspects of founding:

"Alloy Ca~t. Iron Handbookll on the various phases o£foundry
practice for alloy cast ir~s. Price $4.50.

"Ferrous Foundry Process Control" No. ll. Various process
control procedures are recommended to be used as a possi.ble
guide for foundries in controlling production and figuring
productioncosts. Price 12.50.

"Foundry Core Practice" No. 38.
coremaking. Price $10.00.

"Statistical Quality Control for Foundries" No. 63. Describes
the various attempts by foundries to control quality and
production, how to train personnel, and the proper waysol
f'i,euring and controlling costs. PriCt! $6.75.

ttpatternmakers' Manual'· No. 61. InclUdes solutions ot
and difficult pattern making problema. Price $6.75.
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"Pattern Maldng fo~Engi.neer8.,ft::i15O'r byJ.G. Horner. The Techni
Press, Lt.d., Gloucester Road, .Kingston Hill, Surrey,London, En'
Price 14.". Latest develoIJEntsare !Sho'WD and described in pra
andimprovedplttem J,naking, tools andequtpment used,. and data!
otpattern construction, drawings, COre ma~,and pitte •
m1sclJllaneous' wor~ re lit1g.pumpan~. pipe .bo<tie's. . .

," "- - - ' ,"- , ,'. , '~. - - - '\, " \; ",

,'i '

ItCastinga~ FOrlldngFfocosBeS,in Manufacturing,n by J.S. Campbell,
1.9;o.HCGT!i-W~!l'!-1;1~BookCOmpP',:,y, 3.3PWest ~dStreet,~New York" N.Y.
Price l7..GO~ Tbis'book oZ mor& thanSOO. pages cOvers briet1y the •.
entire' casting' tech."'li.que' in. adPi.tioD. 1:.0' V".drious other shop prac·tices.

,. ·Pat.tern Make.r's Manual," First edition" ,195~h AmerieanFoundry:me
. Society.. Price $6.75. Vol)Ulle' presen'tingpj.etures ot pattern making
equipment,. pattern layoats" 'details'. iri.wood. pa:ttern constructi.on,
split pattern maldng, and th~, use of pat,terri makii1g machinery.

6. "Cupola and Its Operat:ion,"byAmerice;n Foundrpll!Jn's Association,
ascond edition" 1954. Price 19.50. Presents minute calculations
tor a cupola, _thods ot applying the lining, u~e of coke' bed, preparation
ot the charges, control ot temperatur,ea, .and solutions of problems
like front slaggin,g, keeping the tUTares· open, banking the cupola,
and other operational techniques. -

7. ''Eql.dpDent and Supplies foX' Foun~n,n Stevens Catalog No. 30# by'
F.B. Stevens Compan,y" 510 Third Stl"8et, Detroit, Michigan. This is a
complete reference book on foundry equipment and supplies. '

8. "Foundry Core Binder," IR-J.2054, and· "Mea8'.Jrement ot Work in the
Foundry Industry,·· IR~ll6lL. Both obta1nab1e from. the U.S. "Department
of Commerce, otfice of TechOica:;, Servic,""s" Washington 25" D.C.

9. "Pattern Making and Founding,," by R.E. Smith,J.954. Kt-Y-nght and
McKnight Publishing CoIlpan,y,. 'In_"oJlington, Ill.ino~s. Price • .3.00.
Discusses the &ctiviti,,-s of foundryD8n, methods· of D)!ding, coreUltld.ng,
cupola operations and other phases of founding. .

]D. "The Foundry Industl7 in Illinoian. (HF 5500 13 Bulletin N6I. 70).
B.r tbe Bureau at Economic and Business Research, University ot
Illinois, Urbana, Illinois. Price $.75.

. .

11. "Five Small Gray Iron Foundries," Report No. 85, Aprll1955. B;y the
Bureau of Labor Statistics, U.S. Department of Labor, washington 25,
D. C. Available from. International COoperation Adm; nistrati.on,
Washington 25, D.C.



Foun<l.7 EquipDent'Manufac'turing Association
Law and Fj.narwe Building .
Pittsburgh 19, Pannsy1vania;,

Gray Iron Founde~s Society
Nationa:i. City-E. 6t.h Buildi.fig
Cleveland 16, Ohio .

St~.,l Founders Society of America.
920<~dl.a.nd BUilding
Cl~:velalld 15, Ohio.

12. "Plant Requirements to Set Up and Operate a Gra;rIron Jobbing
Foundry," April. 1955. Internationa1 Cooperation Adininistration,
Washington Z5,D.C.,

Additional information may be obtained from the following 5OurCf>S:
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.'The Wbiting Company,. Harvel.,
cupolas. .

Spencer Turbine Company, 4fXj Park Avenue, Hartford 6, Connecticut.
Hanu.tacturers of cup'la blowers.

Newaygo Engineering Company, Newygo, Michigan. Sand band1in,g equipment.
E.E.. Stevens, Inc., 1820-18th Street, Detroit 16, Miehigan. Manufacturers'

o£ all kinds of mol.ding and .foundry tools. '
.Leeds end Northrup Manufact1Jring Company, }b,ckland and Stenton Street,

PbUadelphia44, Pew..sylvania.. Manufacturers of all ldnds o:t
pyrometers.

Hisey-Yo:tf Machine Company, 26OO:&dison Road. Cincinnati 8, Ohio.
Manufacturers of eleetric hand grinders.

Sh.,1.don Machine Company, 4200 Nertla Knox A~nue, Chicago UJjt Illinc.tis.,
.. Hanufacturers of lathes, and JLat.he ' tools. '

Oster Manufacturing COlIlpClIl1', Box 43126-B.. "Cleveland 32» Oh!.o~ Manufa.cturers
of 3ll kinds of thread cutting tools. '

Danly Machine Special.11y Comparijr.. 2lOO Sou'th J..uTamie Avenue'cChicago'
50" Illinois. Manufacturers of dies. ..'

Fay and Egan Jfanufacturing CompaDT" Cincinnati" Ohio. Makers of ban4;!sawa
and planers..

IMnt1.on of t.he name of any firm" product or process in this report
is not. to be cons'trued &15 a r8COD1lt8ndation or endorsement but merel,y as a '
cit.a;tion that is typical in its fiel.d. COJIIJlerci.al directories generallT list.

• names of addi'tional companies and products.

IlOTEs '10 obtain copies of any ea'talogs, bulletins and other reference,
'.."material mentioned in "this report.. please write direct to the indicated source

o! issue orauppq-.

..
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