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TZCHtLIQUS OP RIUNG $TAINLES3 STE 
IN SEGONDAK! SCHOOL METAL SHOP 

CilAPTR I 

1NTÏWDUcTION 

3tatement Problem 

The inherent chorcteritics of stainless ste1, an 

increaein1y popular corniiercial netci, poees a problem of 

modification and adaptation or industrial practices to the 

limited fciiities of the secondary 8Ch001 mot&i shop. This 

experimental research is intended to help solve this prle. 

}1ygtheßi S 

The addition or inclusion of stainless steel with other 

materials in use in the school shop is possible ad practicsl. 

The difficulty of workinr this toucher material requires 

care in selection of tools and equipment. The need is for 

"quality" tools rather than an increase ïn "quantity." Some 

items can be mìe iii the school shop. 

Material cost may be low where locRi sheet aetai shape 

donate scrap. If purchased, stirtless in n more expensive 

then the higher priced conmon1y used school shop metals 

such as copper. 

Perhaps it would be best to introduce stainless in the 

senior high school metal shop. It would be handled by 

pupils in the 10th, 11th, and 12th grades. Lt may be used 

only as a "chalieruing" project for the more capable pupils. 
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The incluaion of stuinleBs projøCt3 n an eijhth and ninth 

radû metal thO? i8 po3sible if careful selccU.on £3 nde. 

Liniitntionß 

The extcnt of any school prorau is neceasarily limited 

by the available facilities Qnd the authorized budget. The 

report on shop procedure8 centers primarily around those 

which were developed i the zetal shop of the l3end, uregon 

senior high school. 

Proc edur e s 

The problem was first attacked by the inclusion of a 

sta.nless steel project in the XE 487 Metalcraft 1roblems 

clase instructed by Dr. H. (i. Shorling and taken by the 

writer at the 1956 sumier session tt Oregon 3tate College. 

The difficulty encountered indicated need for more inforuu- 

tion. School texts available did not cover the subject. 

Tie library wi8 consulted for books on the subject. Those 

were either historical or technically metallurgical in 

nature. Periodicals in the ßngineerin library gave inform- 

ation on use and industrial practices, but not much help for 

the school shop. 

Manuala cnd booklets were obtained from the steel corn- 

panics to deteri1ine if the techn.quea for industry could be 

adapted to the school shop. kxperience in IS ¿8 ' 7 indicated 

that some equipment should be made in the school shop. 



3 

Stttecient Furrose 

This research is based on experimental development of 

techniques Lor workin stainless steel in the secondary 

ectiool industrial arts rnetal shop. The purpose is to detor 

iino In a practical way whether this relatively new, but in- 

creasin1y widely used, metal could be worked in a secondary 

school etl shop of limited facilitIes. 

A.I.S.I. Amoricn Iron and Steel Institute. 

S.h.1. Society of Automotive &ineer. 

ecoridari school, metal op An industrial-arts type of shop 

inciuUin general metals, z t.icrfts, anc. unitshop 

metul work for grades 10, U, 12. 

Stainless 3tainless steel. 

tinies steel Alloy steel of the A.ì..I. Types 300 arid 

400 series. 

TechniQues Methods or proceduroi essential to expertness 

of execution. 
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CRA?TIR II 
rìi MATERIAJ, STAINLÎ.S SThEL 

Tbe forai and flesh of aiodern industry and 1if niiit 
well. be consídersd to hand on a skeleton of iron and atuel. 

And, s 1on as man ha3 formed iron into the tools Qnd 

ßtructurai forms which serve his needs he baa been confront'- 

ed with the probiwn of rustin, corrosion, and deterioraticn 

of this baoic material, especially t elevated teaìperat'es. 
ifforts to combRt theee problems of rusting and corrosion 

bad for the most part been confined to surface treatment 

such as painting or plating. 
Monypenny, in reviewing the history of stainless iron 

anu steel (8, p.9-il), found that the earliest reference 

to the alloying of chromium with iron and the resultant 
resistance to corrosion was reported by !3erthier in l2l 
In 1d3o Robert L!allet recorded the observation that of many 

metallic elements alloyed with iron, the iddition of obro- 

mium produced the least corrodible alloy. 
Again, in 1957 Frenzy and in 1d86 Boussingault reported 

favorable corrosion-resistant characteristics of chroniiuin- 

iron alloys. 
Unfavorrìble reports were maus by !adfield in 1892 and 

by Monnartz in 1911 Extre1y strong sulphuric and hydro- 

chioric acid solutions were used in these experinents. 
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After neir1y one hundred yors of but aparentiy casual 

interest in the chror.um alloy2 the recognition of their 

corrosion reEistant possibilitise by ¡Iarry brearley brought 

their first cpplication in the cutlery industry (, p.7.'). 

essrs. John Brown&Co., Ltd. and 24e88r3. Thoxias Firth 

& on5, Ltd., of Sheffield, Eniland, hd e joint reøowch 

laboratory under the direction of Harry Firearley. In 1913 

i3roarley ws investiatin xnetol swnplcs for rifles and naval 

guns, with particular interost in erosion reaitance. tthing 

by reagents and clicro8copic examination Wct& pìrt of the re- 

search procedure. He noted a considerable difference in the 

reaction to the etchiní reents for certain chrome alloys 

with different heat trettients. Further, he observed a very 

much prolonged resietrtnce to the usual rusting tnd corrosion 

of the aimplea while in the laboratory atxuosphore for long 

periods of tixe. 

The possibilities for suth a steel n the cutlery ±xistry 

wore readily recognized by l3reariey, but it was the following 

year, 1914, before he could persuade a firm to try the new 

material, &nest 3tuart, cutlery ranager for iessr. F. F. 

s1ey, devoted considersble effort to developing the new 

techniques necessary for working thi8 type of ste1. 

It is of passing interest to note that Brearley never 

patented this new "stainless artic1& t, p.3) in England, 

but did obtain a patent in Canada in 1915 and in the United 

States in 1916. 



Patented in 1913 were two series of chrozaiur-nicke1 

steels which approximnte the present A.I.S.l. Type 300 serias 

of stainless, But there seemed to be little developaent, 
application, or uso of this type prior to iorld ar I. 

Thus the first decade of whìt might be termed "the 

stcinloss steel ora" saw the dovelopr!lent of highchromium 

stainless steel conparable to our present I.I.S.l. Type 400 

series. In addition to its acceptance by the cutlery in.. 

dustry, it found considerable use n the rnûnuIicture of 

en3ne exhaust va.ves before, and especially during, or1d 

ar I ta, p.2t4). 

Fo1lowin the Great ar two additional industries ban 
cinking parts from stainless steel. 

Inherent advantaies of stainless soon found it being 
used for steazi-turbine blades. Techniques for formin, and 

welding had to be worked out to ìao this application. 
The steani.'.locotnotive industry bosan using this new 

Liaterial for many of the parte, particularly of the engine. 
Possibly because of tae experience of the intern:l ccmtion 
engine ¿ntnufncturere with stainless steel exhaust valves, 

the øteanenino manufzcturers adopted it first for valve 

mechanism use. 

The last. thirty years have seen ever widening fields 

of application and use of this rnodern material. 
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The ch1ractori3tics of stin1os steel make it popular 

for dairy, brewery, restaurant, arid food procea8in equip» 

ruent because it does not iffect teste or flavor. Heat re 

siLance as well s strength proportes find it in use for 

ga turbine m woil a tten turbine blades, anti-friction 

boarixi, and jet plano p.rts. Corro8ion risietmnce lands 

it to uso in laundry, charaical, and oil industrias. Touh- 

noes qualifies it for pump shafts, dental, and edioal 

instruments. And it3 loting, low-maintenance beauty finds 

it incrensinly evident in architectural trim, siding, sigra, 

and automotive trim. Thu latter industry is th largest 

single user of stainless steel. 

Fron its original developrent nd use, stainless steel 

is throu.giout the field of cutlery the master metal: touch, 

durable, and ever ioru beutiful in forrr and finish. The 

modern kitchen io rplote with stainless. From the popular 

but expensive chrome plating of appliances, manufacturers 

are turnln to fabricating frxr stainless. There are ad- 

vantages over a plating which soetines peels and sometimes 

wears through to the xild stool beneath. 

Thus, .t isn't surprising to reau in the trade journal, 

h;iL, that stainle5s is second only to mild steel in pro 

duction tOnna;e (, p.l9). 

kiut tne steel industry is confronted with a problem: 

}ow to meet this risin; demand when one ei' the alloying 

elements, niccel, is in short supply? Additional research 



will be needed to Lind a replacement element. Ctainless 

steel of the future may be modified from that which is 

,vailable and in use today. 

Çenica1 Conuosition 

Thora hza been some developmental chana in the chemi- 

cal composition of the stainless steel which is presently 

recommended for use in the secondary school metal shop, as 

compared with that pat ted by harry 3rearley over forty 

years aso. Çuotin I4onypenny (8, p.8): 

". . . it will be seen that the ranje of compos.tion 
specified Was 9 to l per cent. of chromium with carbon 
below 0.7 per cent. and preferably below 0.4 per cent. 
Certain other elements n limited amounts, up to i or 2 
por cent., were l so allowed as not affecting the re 
ault, . . ." 

As will be noted in Figure 1, paie 9, the .zcsrpt from 

the 1955 S.A1 E. Handbook (10, p.56) shows the A.l.3.I. Typo 

400 series of stainless steel recommended for cutlery use is 

quite similar to the original stainless steel patented by 

Brearley and introduced to the cutlery industry. This type 

of stainless steel is also known as hih-chromiwn iron. 

)f wide uce in tic sheet forn is A.I.8.1. Type 300 

serios of atainles, also shown in FLrure 1, pae 9. ¿ 

taon dei6ization for this type is "l88" which refers to the 

chromium (18 per cent) and nickel (d per cent) content of 

the alloy. Those percwtes re riot. exact, but approxiznate 

the range permissibL. ' a will be eeen in the chart. Further 



Chemical Compositions of SAE drought Stainless Steels 

SAE Chemical ornposition Limits % __________________ AISI 

'Iumber 
___________ 

; 

_____ 
liAax. 

11n 

max. 
Si 

max. 
P 

max. Cr 
S range 

Ni 
range Other elements 

Type 

30301 O.O-O.l5 2.00 1.00 0.04 0.03 16.00-1S.00 6.00-8.00 - 301 

30302 0.08-0.15 2.00 1.00 O.Oi 0.03 17.00-19.00 7.00-10.00 - 32 

30303F 0.15 max. 2.00 1.00 - - 17.00-19.00 8.00-10.00 P,S,orSe 0.07mm. 
Zr or Mo O.Omax. 303 

* 
__________ 

4' 
_____ 

4' 4' 
_____ * _________________ 

4' * 
__________ 

* 4' 4 

51410 0.15 max. 1.00 1.00 0.04 0.03 11.50-13.50 - - 410 

51420 0.30-0.40 1.00 1.00 0.04 0.03 12.00-14.00 - - 420 

4' 4' 4' 4' 4' 4' 4' 4' 4' 4' 

Figure 1. '.0 
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perusal of the chart indicates what J3rearley discovered: i.e. 

that chromium, , and nickel were the important elents 

in alloying stainless steel. 

?hyiciI properties 

Both the A.i.L'.I. Type 30C) and O0 serìes of stainless 

steel are touch alloys by nature of their chemical coiiposi 

tion (6, p.30ó-3O8). Compared with mild steel, both types 

are poor conductors ci' electricity and of heat. 

The 00 series of chroiium..nickci. stainless commonly 

called type is flOfl'-.IAwflet±C. .Lt is non».heat..troctable 

but i ductile ¿.nd cn be work..hrdened from basic tensile 

str3nth of 90,000 psi to eis much as 260,000 pci. The hard- 

nass ranges from 120 to 480 IIrinell. 

Because of these characteristics, the stainless steels 

are difficult to machine. To izuprovo machining qualities, 

A.l.3.l. Type 303 contains phosphorus, sulphur, or selenium 

aß ShOwn £fl Figure 1. paso 9. 

The ¡.l.$.l. Type 400 series of stainless steel are 

both magnetic and heat treatable. 

Heat treatnient information including arinealin; tempera- 

turo rance, hardening tnperature rande (where npplicable), 

and quench aro shown in Figure 2. pase Il for the recom- 

mended types of stainless for use in the school metal shop 

(10, p.120-121). 
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Heat Treatment of SAE Wrought Stainless Steels 

Steels AiSI No. Full Annealing Ternperature,F Hardening Ternperature,F Quench 

30301 301 130O - 2100 - Water or Air 

30302 302 1800 - 2100 - Water or Air 

30303F 303 1800 - 2100 - Water or Air 

* * 

5lll0 410 1550 - 1ô50 1750 - 1850 Oil or Air 

51420 420 1550 - 1650 1800 - 1850 Oil or Air 

Fture 2. 
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C}{APTJ III 

£QUIPWNT AND TOOL3 ¡FOR STAINLESS 
IN LHE SCHOOL SHOP 

Luslitv and Ad.ivatent Tools aui.znont 

Iecause of the nature of stainless steel, .s discussed 

in Chapter II, th recommendations fron industry are for 

good quality tools and equipziient. 

raisin hiers thould be of £orjed steel. rJ touch.' 

ness of stainless sel requires a touch, hardened tool to 
stand up i 

service, 

The usual cast iron stakes are not adequate to stand 

the working of stainless. The stke needs to be of forged, 

hardened steel, or of cast iron with a hardened steel face. 

Any cutting tool or equipcient, such s shear or twist 

drill should be of hih..apeed steel. 

"Stainless steels are toucher than zild steels and re-. 
quiz's heavier and more powerful equiiicnt. ¿xperierice 
has cthown that stainless stoels require a shear vith 
capacity O% to O% greater than would be used for 
plain carbon steels." (3, p.o4) 

The Type 40() seriej of stainless, sometimes called 

"chroLIlium" stainless, may enorally be handled the aae s 

¡i1d steel so fr as shear blade adjustment i concerned. 

The Type 300 series, also known as "chro47iui-.nickel" 

stainless, is best handled by adjusting the shear blades 

uora closely th.n for ordinìry carbon steel (IO, p.4). 
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"A recomnended clearance for lieht gages of chromium.. 
nickel stainless steels is 0.001" to O.O0]. and for 
keavier aez 0.001" to 0.002". A closer clearance 
will tend to have a haraful. effect on the blades be- 
cause of scraping action. On extra thin gagea it is 
soietirioa necessary to operate with no clearance wnat- 
ever, or .n adjustment close enough to Cut tissue 
paper." 

Rand snips should be adjusted close and, if the gaugois 

very heavy, double cutting or compound lever shears should 

be used. 

The saud genera.]. rules apply to other shearing types 

of tools and equipment such as nibblers. 

The rule of two to three teeth minimum in the kerf for 

cutting with a hacksaw must be closely observed when sawing 

stainless. The hacksaw frrnne should be well constructed 

and rigid. 

Power metn1-cuttin band saws are excellent for con- 

tours. Operating instructions for the various types of 

metals including stainless should b followed. 

If an abrasive cut-oft wheel is used, the resinoid- 

bonded wheels are rocoaended at high speeds. The range 

suggested is from 10,000 to 16,000 surface feet per minute. 

Center-punching should be done with a three-cornered 

punch and as lightly as the job will permit. 

Twist drills will need to be of high speed steel nnd 

preferably of short twist and short length to reduce the 

tendency to chatter. 

Standard taps ìiil work, but for best results it ía 
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reconunonded th they be ground with a 15-degree hook. They 

ciay be purchaaed with this an1e. it i3 suested thct 

50 per ceflt thread be cut because it will be easier to tap 

and will be or ample strength in most cases. Taps must be 

kept sharp and lubricated with heavy oil, 

For machining in the rzetal-turning lathe, high-speed 

tool bits aro recommended. Cemented carbide tools will per.. 

mit higher turning speeths. Tools should be carefully ground 

and honed to keen cutting edges. 

The caro and mauintenance of the tools and equipxnsrit 

used for rking stiniess steel was indicated in the pre.. 

vious section: (1) keep them sharp; and, (2) keep them prop- 

erly ¿dJustcd. 

An additional precaution is that of maintaining the 

shear table smooth. lrreularitios iziprossod upon the aur 

face or the stainless steel not only affect the finish, but 

leave workhardeneu spots which may interfere with later 

cutting operations. 

A corollary of item (1) above is that tools will have 

to be sharpened more often when working any quantity of 

stainless steel. They 8hould always be carefully honod to 

a keen edge, 

Adjustments should be checked often to keep them as 

recommended. 
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host tools and equipnont will be purchased and the re 

commendations of quality will need to be observed. 

Some items can and should be made in the school shop. 

These would include hammers, stakes, and wooden foruing and 

starting blocks. Since good qu1ity forged haLers are 

evailable, they should be purchseed. 

Wooden forrnin blocks can be purchased or de frcrn a 

stp or blocK of hardwood with the depression cut in the 

end rain. A hardwood such as maple may be used, either in 

the solid forai, or built up by lamination and gluing. 

In the send High School industrial arts shop, a block 

aix inches aquar by ten inches long was uade from salvaged 

desk tops. These were of maple. The pieces were ripjed to 

width, joined, and planed. The pieces were then coated with 

8lue, carefully stacked, clamped and left to dry. 

The depression in the end grain was made by i shop-made 

tool in the drill press. two-and-a-half inch section from 

Li discarded £i1 of 12 inch to 14 inch size was used. This 

was ground to n three-inch radius on one side. The radius 

may vary to suit the type of depression desired. 1earance 

was ground for normal r.ght-hand rotation in the drill ss, 

The blade was then centered and brazed into a slotted taper 

shank to fit the drill press. See Figuro 3, page ló. 
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Figure 3. 

Shop-made Tool for eutting 

Depression in Forming Block 
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Un1e forged, tempered tekee cari be purchased, they 

will have to be macle n th school shop. 

In the Bend shop th18 wu done by first ecurin 

broken truck axle from a local. &rae. The flanged end, 

pluQ about ten inches of axle shaft, w used. This part 

w cut ofi' by usiii n oxy.'ncotylene cutting torch. A 

power hacksaw can be tsed, but experience in the k3end shop 

has too often revealed hard spits which ruin the saw blade 

and result in the use of the torch in the end. 

The short f1aned axle shaft wìs then put in the gs 

fore alAd heated to a white heat and allowed to cool. slowly 

to anneal it. 

The shaft end was then turned in the ieta1 turning 

lathe to a diaieter of ne inch for ¿, distance of two and 

a half inches. 

The £laned end was turned to a uahroom shape for the 

head of the stake. The form cHn of course, be varied to 

suit the purposes of the individual thop. The forrì could 

be square or rectanular id cut by a milling machine. It 

would be poaible to cut the form with an oxy-.acetylcne 

torch and thon carefully finieh..grind it froe.-hcmnd. 

The turned, aushroom shape was first filed to remove 

the turning ¡iarks arid then abraded to a anooth finish with 

an aluninum oxide industrial abrasive cloth. A coarse grit 

was used first and finally a No. 220 grit. 

The ¡aushrooi was heated to a white heat and quenched 



in a five gallon bucket of tap water. Although a crack 
appeared in the shaft, the head ws sound and hard. 

The stake was reiuiounted in the netal-turnirz lathe 
nu aiin abraded to reuove the scale wich í'or:ned when it 

was hotud. 
Abrading was donc from co, ee t ne with a No. 400 

grit as the final cloth abrasive u8ed. The 8tce was then 
polished bright on cloth wheel with "tripoli as the 
polishing abrasive. See Figure 4, page 19. 
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Figure 4. Shop-made Stake 



CHAPT IV 

T.LdIiIQUES FOR OxtKIN STAINLESS 

uttin Forming 

In adapting industry procedure8 nd recoxninendationa 

to the school shop, the requir8iient of 30 per cent to O 

por cent greeter capacity for a 3hear cari be cict by conrae 

application. Check the gu capacity of the her and then 

limit its uae for stainless to four or five gugea lighter 

materiel. For exunple, n shear with 16 gauge capacity in 

mild steel should not be used for stainless heavidr than 20 

cue. 

Sttinless sheets available from local sheet metal shops 

will probably be 24 gauge to 2g gauge. This aeenc to be the 

range most coconly used in siuil1er coiumercia3. shops. The 

local school shop may secure this material in the form of 

short ends or scrap, ether by donation or for less than 

the reulcìr price per pound. 

It will. be noted that the extra tou1,hnesa o1 stainless 

wifl. require more force in operating the shear. ¡s the cut 
is actually auade in the mteriai, it is noticeably more 

rapid than in muild steel. For these reasons, cere nust be 

exercised in properly positioning the piece to be cut and 

then in rnaintaining the position during the cut. Do not 

atterAlpt to trim very close to an edge. 
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CirculRr blanks for ho11owin bowls nay be readily cut 

on Beverly type h&ìr. In opertin this stiezr, side 

force on the hnd1e should be nia1ntined while procediní 

with the cut. This is in conformance with the rocommendo 

tion for close her clearance. Because of the toughnesa 

of this rncterin1, there seems to be more of a tendency to 

ro11" when cutting 8tìnIe55 steel. 

1f the 8hop does not have 3everly type shear, then a 

paìr of coîpound lever shrs would be advi8ed. A good pair 

of straight Snìp$ can b used, 'n either case, they should 

be sharp and aaintained for stainless work oily. 

The kund snip can be hiore effectively used to ut the 

ßtinie3s sheet by the technique of f&stenin one handle in 

a vise. Thus, the weight of the body cn be brought to beer 

on the free handle ts well as to exert side pressure to ¿nain. 

tain essonti11y zero clerance between the bladìs o1 the 

ch e ax'. 

i4he usual hacksaws available in the school shop are 

adequate for cutting stainless. Two cautions should be kept 

irA taind: 

(1) be sure to observe the recommended cainimwn of two 
to three teeth in contact in the kerf, and, 

(2) be sure to saw with steady, firtn strokes so that 
the teeth do not slide In the kerf without cutting. 

The ductility of stainless is greater then that of mild 

steel (11, p.3). Its formability 18 excellent, but the 

treater atruu$h requires greeter force to form the metal. 
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lt has, as a reault, about tiíce the sprinback as mild 

steel. 

The greater ductility perit3 sharp 90'degree and full 

l8O-deree bende. 3prinback will not be as noticeable on 

the apron bras and a sharp bend as it will be when forming 

a radius. 

The benciin curva for any final form will have to be 

determined by experimentation for the particular applicaUn. 

DriUin g TaLLir 

Twist drill recomí.eiithtions call for high-.speed steel 

with short twist and length. 

High speed steel b...ts seeni to be the moat prevalent in 

uso. iost hih school shops have this type. If the shop 

were not so sup)lie(ì, it would be necessary to purchase the 

sizes needei for st;tinlesa steel work. 

A the drill bits are worn, chipped, and re-sharpened 

in general shop work they are reduced £n length. These 

short drill bits may be retained especially for stainless 

work. 

.hile the recommendation of industry is for a short- 

twist drill bit, the usual twist drill found in the school 

th011 .'s satisfactory. In industry it is a production prob- 

leni but in the school shop the relatively liiiited usa does 

not require a epecíal twist drill. 

your recozìmendations for drilling stainless in the 
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school shop are: 

(1) keep the drill bit sharp, 

(2) use plenty of coolant, preferbiy sulfurized or 
chlorinated oil, 

(3) run the drill prs at ¿about half the speoã reCom 
pended for mild steel, 

(4) always supply oufficiont pressure to keen 
Cutt i Tk 

Thssa recoiixaendations were followed in the iond school 

ehop and round to wor sat.stactorily. 

The adwonishiont to "keep the bit cutting" is because 

or the work-hrdenin characteristics of chroiuxn..nickel 

stainless. 4thdrawal or the drill bit should be done 

quickly. flidirk; of the drill bit without cutting will cause 

hardenini in t bottoni of the hole and difficulty in start. 

ing the cut again, 

en tapping, use a new, ehirp tap and carefully grind 

e l5degreo hook-grind on the entering threads. because of 

the extra strength of stainless, a 50 per cent thread should 

be ample for most school projects. 

Coolant recocendations a; Lo saxe as for drîi1in. 

Use a sulfurized or cnlorinsted oil. 

Compressive working of chromium..nickel stainless steet 

causes work-hardening, therefore it is recotnended that 

st;ìinloss steel not be used for rai5ing. 



24 

The greater ductility of stixüess lends it readily to 

the forauatìon of bowls by the hollowing process. The 11ow- 

ing process streatches the rnetal rathar than changing it by 

compression or upsetting. 

The procedure for hollowing sts.nless is the sazie as 

for othet craft ietals, such aa copper, with two ¡nain ex- 

coptions: 

(1) the extra toughness of stainless requirea a heavier 
hanmer and heavier blows to stretch the rrieta,l as it 
is driven nto the depression of the wood block, 

(2) when driven forcefully, it ws found that no anneal- 
ling was needed between courses. 

howls were hollowed in the Bend school shop requiring 

£roa five to seven coursas without the need for annealling. 

In bouging and planisliing stainless, the toughness of 

the etl carries the blow through to the ste. The tough- 

ness also requires heavier blows. For these reasons, cast 

iron stakes will be damaged. lt is necessary to use a hard- 

surfaced stake. The shop-nede ste described in Chapter 
III W&8 made in the Bend 8chooi shop and 8tands up well in 

service. 

oft p1derir i4ver razn 

Soldering proceaures for tiri plate, copper, and mild 

steel and the soldering supplies usually on hand in the 

school shop for auch metals will gencrafly not be stis- 

factory for soldering stainless steel. 
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Surface preparation is the sïie s Lor ¿nild steel. 
Derease the ineal, and if it is polished surface roughen 

it with a fìle or abrasive. This improves oleculr adhe- 

sion. 

While 50-0 solder coLron1y used for mild steel cn be 

used on tainits&, it is stronly recornended that 70-30 

solder be used (13, p.4). That ta 70 per cent tin nnd 30 

per cent 1e:d. The use of 70-30 solder for stainless is 
preferred becuse: 

(1) the lower iaelting point produces less discoloration 
of ¿djacent metal, 

(2) better "wetting" properties re evident, 

(3) better corrosion resistsnce of the solder is coin- 
pnrable to the stainless itself. 

It is very importmnt that the right type of flux be 

used for successful solderiní of stainless steel. This is 
due to the necessity of cutting throu1À the chromium oxide 

filin on the metal. It is recommended that a ood commer- 

cii1 flux especially for st&inless be purchased (13, p.60). 
The 1end school shop purchased ftllen Stainless Solder 

and Allen flux. These worked very well. 

uiestions for techniques of soldering stainless are: 

(1) if the job permiti, it would be ìdvisable to "tin" 
the edcs with a film of solder before joirthg then, 

(2) use a large soldering copper and take ¿more time fr 
the heat, to penetrate because stainless has a loww 
coefficient of conductivity than mild $teel, 

(3) do not over-hect, use only enough heat to ne1t ¿md 
flow the solder, 
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(4) wash iiirnediately with plenty of water to dilute and 
carry away the strong acid. 

As with soft soldering, some of the usual procedures 

for silver brazing should not be used on stainless steel. 
The melting point of the sliver solder should not be 

higher than 1200 degrees Fahrenheit and the alloy analysis 

should be close to the following (13, p.47): 

Silver . . . . . 0 per cent 
Cadmium . . . . 1g per cent 

Zinc . . e e 16.5 per cent 

Copper . . . . . 15.5 per cent 

The flux used should be that of the runuficturer of the 

silver eolder. y following the directions of the manuftc- 

turer a satisfactory job can be accomplished. 

Following the soldering, thoroughly wash with plenty of 

water to rernove any trCe of the flux. 

urfcQ Finishízi 

The first consideration in surface finishing should be 

caro in handling prior to finishing in order that scratches 

and marts might be reduced to i minimum. 

lndustry recoitonds the use of lubricants with abrasive 

finishing of stalnioss. Yew school shops may be so equipped. 

Finishing can be donu satisfactorily with abrasive 

strips and rubber-bacìced wneals. Aiwn mum oxide is prefer-. 

red, although silicon crbide can be used. iile a speed 



27 

of ,000 to 8,000 eurfce feet er ¿ninute is recommended, a 

speed of 5,500 surface feet per minute was used w.th good 

x'esults in the Bend school shop. 

in progressing from coare to fine grits in the finisb 

in sequence, it is best not to change by more than 40 its 

for succeedir4 operations; for example, 80 grit to 120 grit. 

i commercial satin-1ie finish is produced by 150 grit 

and hand block. 

are: 

Techniques to be emphasized in school shop procedure 

(1) do not try to cut too fast because heavy pressure 
Causes overheating and tends to cause buckling 
and discoloration of the iieta1, 

( 2) never attempt to rernove too much nieta). with a fine 
abrasive because it is bettor to uso the coarsost 
j;.rit size consistent with the finish desired, 

(3) keep abrasve scz'atciies straight and paralleJ.. 

If buffing i8 to follow 9brading, the final grit for 

abradin should b 240 to 20. For extra bright finish, 

industry recomuends buffing With chromium oxide rouge. or 

the 5Ch001 &hop a £ifli8h using "tripoli" would in most ceses 

be satisfactory. There should be extra ernphasis on correct 

buffin procedures. 

f, in any of the processes, steel wool is to b used 

it:. must be a atainiesa steei wool. Never use ordinary 

stcel wool. The surface will be contarninated with minute 

particles of ordinary steel which will rust and discolor the 



28 

finieh of the project. 

A final de in of project can be done with soap, 

water, and such cleansers as Bon Aìi, Dab-û, or i1d Dutch 

Cleanser. The bricht, durable, natural finish of stainless 

requires no protective coating of any kind. 



CflA?TER V 

UfltARY ¡tND CLNLLUiUU 

Stin1es e1 i r1ativeiy new ¡ieta1 alloy. The 

characteri$tics of heat resistance, corrosion resistance, 
alAd touhriss have increased its use in iany applications. 
Froii the cutlery industry, its desirable qualities brou,ht 

it, into th cteam..locoznotive nd steani -turbino industris. 

Today, it is widely u8ed in the dairy, brewing, chemical, 

oil, Lood processing, medical, architectural, autorotive srxi 

Lflfl Other industries, Fine cutlery, kitchen utensils, home 

appliances aru being incresin4y fbricted from stainless. 

With production onnnge second only to mild steel, it 

would seem reosonable that this alloy snould be added to the 

media found in the secondary school industriel arts metal 

shop. 

In order to successfully handle this now material in 

the school shop, research into the procedures, practices, 
and roconniondations of industry were first necessary. Ex- 

perirnonthtion to adapt these procedures and develop tech- 
ri.ques for the school shop then followed: 

(1) if new equipment is be.in purchased, it ;houid be 
of ood quality, 

( 2) tools ind equipment used for stainless work should 
be kcept sharp and properly adjusted, 

(3) some equipment, such as hollow-ware states, may 
need to be made in the school shop from toucher, 
herder material than the usual stakes of cast iron, 
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(4) with some nodification, cutting, forzzin, drilling, 
&ìnd tapping can be done with the uBual school shop 
tools nd equipment, 

(5) the ductility of ctainles3 readily adapts it to 
hollow vessel projeCts, 

(6) satieftetory soft solderin, and silver bring re- 
quire 8pcic1 st&inless steel supplies, aid, 

(7) surface finishing can be accomplished by careful 
use of the usual school shop equipment and supplies. 

The differences between handling mild steel and stain- 

less steel are sufficient to cause difficulty. Adapttíons 

from industry procedures can be accomplished to a sufficient 

extent to maice stninluss projects practicl in the limited 

facilities of the secondary achol rnetl ukìop. 

By observing the recoxendations outlined bove, it is 

felt that 10th, 11th, nd 12th grde pupils carL successfully 

include stainless projeCt3 in their school meteul shop work. 

The toughness of stainless would be a challenge to the pupil's 

ability and skill. The instructor zaight wish to limit the 

stainless projects to us a challenging projects for the 

advanced classes or for the better pupils in a class. W1th 

careful selection by the instructor, it is possible to in-. 

dude some limited stinle83 worÌ in a junior high school 

metal shop. 

This experinental research doe3 not presune to be cx- 

haustivo. It concerns b:cic problercis confrontin the person 

workin stainless for the first time in the school shop. 

buch additional oxperirentation can and should be done to 
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develop techniques hith will help brin about inclusion of 

thi8 ne uledid in th induatriil arts meti]. 8hop prorum. 

Aru.s in which th writer sueats ¿iddítional research 

and experitnenttion are: 

ti) piercing, whether the norml 8chool met3l ßhOp 
equipment would be adequate or not, would bear 
investigation 

(2) holding supplies und techniques for stuirL1ess 
steel 

(3) metal spinning, possibilities or handling 8tainless 
in a school shop by this hh1y skilled operation 

(4) projects for a secondary ahop, development of a 
series appropriate to th& pupil level and the 
limited facilities of such shops 

projects for junior high school mots]. shops, csro- 
fui selection and experimentation to determine the 
extent of adaptability to this grade level. 
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