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AN INVESTICATION OF THE NHEDLE LIKE STRUCTURE IN HIGH

SPEED STEEL.

INTRODUCTION
CHARACTWRISTICS OF THIS STRUCTURE

The needle like structure, so celled beceuse of its simi-
larity to 2 myried of needle points hes been under investigetion
et the lsboratory of the Reo Motor Cer Compeny for some time
beceuse it hes heen found in vnrecticelly eall high speed steel
milling cutters, reesmers end other tools which heve felled due
to bresckege of the teeth or crumbling of the cutting edges. This
structure seems to meke the steel very brittle. In most ceses
it exists &s & thin lgyer on the outside of the tool, often not
over 005" deep which will soon crumble awey end the tool will
not cut smoothly nor to size. If this structure extends very
deep - it hes been found to extend completely throuch some
milling cutters end reamers = the result is quite often thet the
edges will weer awey quickly end then the additionel loed will

ceuse the teeth to bresk, rulning the tool.

CAUS®E OF THIS STRUCTURE IS UNKIOWN

The exact ceuse of this structure or & heat treeating prectice
by which it may be evoided eppeers to be unknown, elthough its
bed effects ere often elimineted by e2llowing enough stock on the



tools so thet this structure cen be ground away.

A feirly eccurste survey of the literature on metellurgicel
subjects reveeled only three pspers in which this structure was
mentionede*

Dr. C. A, Edwards stetes thet "A new brittle constituent
eppears at sgbout 129207, in tempering which ceused the feilure
of high speed tools", In & leter peper published jointly with
Mr. H. Kikkewe he ehandons this position,

Dr. Jo A. Metthews refers to the "brittle constituent"™
mentioned in Dr. Edwerds' peper end states "This constituent
is due solely to overheeting end is not produced when tempering

et 12920F, in properly hardened high speed steel™,

THEORIES AS TC ITS CAUSE

Other theories have been eadvenced such es;
le Uneven heeating, '
2¢ Insufficient temperinge
3 Hardening temperature too low and
not ellowing the tools to cool to
e low enough tempersture in the
quench before they ere tempereds

4, Thet the structure is mertensites

PURPOSE OF THE INVESTIGATION

Since this structure does not occur regulerly end since no

»x
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one hes proven how it cen be produced or evoided it wes decided
to meke this investigetion £s simple end 28 free from complice-
tions end & lerge number of veriebles es possible eand yet help

to prove or disprove one or more of the gbove theories,

SAMPLES AND THEIR HEAT TREATLIENT

SIZE OF SAMPLES |
Two semples of high speed steel 1/2 in. x 1/2 in, x 18 in,
long were chosen from e steel compeny who furnish ebout 85% of
the high speed steel used by the Reo Motor Cer Compsny. These
bers were chosen beceuse we heve hed more experience with this
steel than with other steels end beceuse it seems to be fairly
free from this dbrittle structure. This, however, might be due

to our method of heast treetment rather then to the steel itself,

HUAT TREATMENT AND METALLOGRAPHIC EXAMINATION
HARDFNING

The semples were prehested et 1550°F, end then the bers were
pleced in the furnsce so thet ebout 12 in, wes inside the door
or in the furnece prorer, while the belence of the bar was out-
2ide the doore The furnece was ges heeted heving & heeting
chember 8 in. x 11 in, x 13 ins This furnece wes meinteined et
2 temperature of 2500°F, by mesns of & Brown pyrometer equipment.
The semples were in the furnece epproximetely four minutes. The
ObJject of this method wes to heet the end of the bers to es8 neer

28500°%r, o8 possible end heve the belence of the bers gresde in



tempersture from 25009F, to the cold ends which were outside

of the furnace door, After heesting, the bers were quenched in
011 et 125°F, end ellowed to cool to the tempereture of the oil,
The bars were then removed from the o0il end e£llowed to cool to

room temperesture,

METALLOGRAPHIC INSPECTION OF HARDELED SAMPLES

Senples, 7/16 ine. long were cut from the ber es shown in
Pige 1=A, starting st the end of the ber which hed been heated
to 2500°F, \We removed end examined 29 semples. Only 21 semples
ere included in this report becsuse it was found thet the samples
beyond the 21st, hed not been heated to & herdening temperature
end therefore were ell elikes Each semple wes polished, etched
with 54 nitric gcid in elcohol end examined under the microscope,
for the needle like struecture. The mrgnificetion wes 1000
dicmeters,

In order to have & comperison of the verious structures the

center of each semple wes photogrephed,

TEMPERING

The semples mentioned sbove were next tempered by heeting in
& Leeds end Northrup electric autometicelly controlled furme ces
The tempersture wes 3309F. when the semples were pleced in the

furnece, It took one hour end 36 minutes for the temperature to

Yeach 11009F, The tempersture was meinteined between 1080 end






end 11000F. for 14 hourse The samples were cooled in eir,
LETALLOGRAPHYIC INSPECTION OF THMPrRED
SAMPLES
The semples were repolished end exemined under the microscope,
using the seme megnificetion end etching medium es for the
herdened semples. Thebcenter of eech semple wes egein photo-

rrephed to pro#ide g comparison of the structures,

DESCRIPTION OF LIICROSTRUCTURES
TYPICAL IZEDLE LIKE STRUCTURE
a4 typicel needle like strueture is shown in Fige 1le The
reeder should not confuse this structure with & mertensitie struc-
ture which is 2180 0F 2 needle like typee Qur observetions leed
ug to htelieve thert this structure 1s seperete end distinet from e
mertensitic structures 4 study of the following photomicrogrerhs

vill eid in meking tais cleer,

SERIES O0F HARDENED STRUCTURES
The series of hrrdened structures ere snown in Fig, leH to end
ineluding Fige 21-He The nimbering beginus at the end of the der
which wes hested to 2500°¥, (See Fige 1~4)
A study of the hsordened semples feiled to revecl eny needle
like structure. However, there ere severel very interesting things
brought out in this seriss of photosrephs which it might be well

to mentions The overheeting extended to ebout Fige 11-H. This 1is



shown by the size of the sustenite ereims ond elso by the fsct
that the cerbides heve gone to the grein bounderieg, In ell
semples up to Fige 14-~4 the cerbides were more or less in the
shepe of cubes, while in the belance of the semples they were
more neerly sphericel in shape. The first indicetion of incom~
plete sustenite greins is shown in Fige 19«H which indicetes that
the tempereture at this point wes not high enough for the formee

tion of complete greinse

SERIES OF TELIPERED STRUCTURES

This series shows the tempered structures of the semples
ebove mentioneds. They 2re designeted by Fige 1-D to &nd includ-
ing Fige 21=De

The tempered semples showed no needle lilke structure.in the
first semple, Fig., 1l=-D, but it wes very evident from Fige 2~D to
end including Fige 17=De The depth of the needle like structure
veried from 005 in, in Figs 2~D to ¢0005 in, in Fige 17=D, This
series of photogrephs also shows seversl very interesting feetures,
which probebly heve no bearing on the needle like structure, dut
ere of genorael interests, The cerbides exist in the form of cubes
and also in nerrow irreguler sheped bands from Fige 1=D to Fig.
1l-D, beyond this they exist mainly es spheres. '

The mertensitic structure is present in & large number of the
Samples for example Fig. 2-D shows this structure. A large num=

bex of the semples show the outlines of the eustenite greins,
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This is rether remerkeble, beczuse the semples were drewn for

14 hourse

ROCKWELL HARDNESS

The Rockwell herdness waes teken of both the hardened and

the tempered samples. The herdness is shown under eech of the

structures.
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Mig. 1.

This shows & typicel needle like structure. It is believed
thet this structure is not mertensite. Compere it with Figs.
2-D and 3-D and elso with martensitic structures es shown in
The lletellogrephy of Steel &and Cest Iron by He M. Howe end in
The Metellogrephy and Heat Treetment of Iron end Steel by

Albert Sauveur,

Megnification --=<==e-- -- 1000X

Etched with e 5% solution of nitric acid in
elcohol.



Pig. 1-H

Rockwell herdness

Depth of needle like
structure -ee---ccccea- None

Bedly overhested

Rockwell herdness =---- 64,8
Depth of needle like
structure

Cerbides e2re meinly in the
grein bounderies

None

Fis. 1-D

Rockwell herdness ----- 6246

Depth of needle like
structure -

Bedly overheated

Fig. 2-D

Rockwell herdness -~-=-= 6246
Depth of needle like
structure -ee--e-c-c-- - ¢005"
Structure is mertensitic

Megnificetion ----« 1000X
Etched with 5% nitric scid in elcohol
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Rockwell hardnegs =---- 6445 Rockwell herdness ----= 6248
Depth of needle like Depth of needle like
structure =---<---ewea- None structure --==-cccceaaa 0 004"

Structure is mertensitic

Fig. 4-D

Rockwell herdness -—---« 63,8

Depth of needle like Depth of needle like
structure =------ece-aa

None structure ----ceccece-- - o0025"
The outline of the sustenite
greins is still present

Rockwell herdness =--== 6lg¢5

Megnificetion ----- 1000
Etched with 5% nitric scid in elcohol



15

Pig. B.D
Rockwell herdness =---= 64 Rockwell hardness ----= 6248
Depth of needle like Depth of needle like
structure -==ee-ee--- -= None structure ------- —————— 002"

Figo B-D
Rockwell herdness =---= 6446 Rockwell herdness =---= 62
Depth of needle like Depth of needle like
structure ~--~eccecccea-a none structure ==--ceccee--- - 003"

Megnificetion ----= 1000X
Etched with 5% nitric ecid in elcohol



Fis. 7-H Fiso 7-D
Rockwell herdness ----- 64 Rockwell herdness —---= 628
Depth of needle like Depth of needle like
structure ~-=cececccaaa None structure —ecececcccacaa «002"

g e X
Pig. B-H ng. B.D

Rockwell hardness ----= 6545 Rockwell herdness ----= 6168

Depth of needle like Depth of needle like

structure ------------ - None structure -=---------a - o002"

Uegnificetion ----= 1000X
Etched with 5% nitric escid in elcohol
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Fig. 9-H Fige 9=D
Rockwell herdness =----- 64,2 ~ Rockwell herdness ----= 63,1
Depth of needle like Depth of needle like
structure -=e-cecceee-aa None structure ---ecceccaa-o «002"

LS s . s

Fig. 10-H Pig. 10-D
Rockwell herdness ~---= 64.6 Rockwell herdness =~---= 6345
Depth of needle like Depth of needle like
structure =~=--cc-mceeeaaa None structure ~ecececccaa--- - «002"

Megnificetion ----« 1000X
Etched with 5% nitric ecid in elcohol



Fige 1ll=H

Fige 11=-1
Rockwell hesrdness ~---- 65 Rockwell herdness -—~--= 6243
Depth of needle like Depth of needle like
structure --=-=---==«-~ None structure ~=-c-cec-e--- - «004"
Correct herdening temperature

Fig. 12-H Pig. 12-D

Rockwell herdness --=--= 65e1 Rockwell herdness ----= 63

Depth of needle like Depth of needle like

structure --~=---=-c--= None structure ----=---- --== o002"
Megnificstion -=---- 1000X

Etched with 6% nitric scid in alcohol
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Fige 13-H : Fig. 13-D

Rockwell herdness =---= 6445 Rockwell herdness =---= 6245
Depth of needle like Depth of needle like
structure -===-=------ - None structure ~=--c=~-e-e-- - ¢002"

Fige l4-H Fige 14=D
Rockwell herdness =----= 65.1 Rockwell herdness =---= 6241
Depth of needle like Depth of needle like
structure ==--cec-e-e<e= None structure -=---- —————— - o0005"

Megnificetion =---« 1000X
Etched with 5% nitric ecid in elcohol



Fige 15«D

Rockwell herdness ----e 638

Depth of needle like Depth of needle like
structure ~=e--ce-ee---

None structure -=--ecccecece=- - ¢0005"
Note lerge number of very

smell cerbides

Rockwell herdness ----= 61le3

Fige 16-H Fige 16=D

Rockwell herdness =---= 656l
Depth of needle like
structure -—==--==e-=- - None

Rockwell herdness =----= 61l¢b
Depth of needle like
Stplcture - e GD @ = - - - - .owsn

Megnificetion =-=e= 1000X
Etched with 5% nitric =eid in elcohol
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Fige 17-H Fige 17=D

Rockwell herdness --=--= 6443 Rockwell herdness -==--= 60
Depth of needle like Depth of needle like

structure =--cece<ccewe- None structure ===--e-e----= 40005"
Neerly 211 cerbides eare

sphericel

J . ‘,;’y‘ ’_;,

Fiso 18-H Figo 18=D
Rockwell hardness ----« 64,1 Rockwell herdness ----= 59,6
Depth of needle like Depth of needle like
structure ~=-cecccccca= - None structure ---c-cceccca-- - None

Megnificetion ==--- 1000X
Etched with 5% nitric ecid in slcohol



Fige 19=H

Rockwell herdness =~---« 6363

Depth of needle like

structure -~--ccccccc-a None

Incomplete sustenite greins

Fig. 20-H
Rockwell herdness =---= 6248

Depth of needle like
structure ~e---eccc--- - None

Megnificetion =---= 1000X
Etched with 5% nitric ecid in elcohol

22 1

Fige 19<D

Rockwell herdness -~--- 58

Depth of needle like
structure ~===ccceeccaa

Fig. 20=D

Rockwell herdness -=--= 5663
Depth of needle like
structure --e-cecccec--a




Fig. 21-H

Rockwell herdness ----= 58
Depth of needle like
structure «--~-~<<<«<<-<~ None
No definite eustenite greins.
Tempersture too low for the
formetion of saustenite greins.

Fig. 21-D

Rockwell herdness --~-= 5245
Depth of needle like
structure -===e==<w---- None
Structure very similer to
the herdened structure.
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RESULTS FROIT OTHV R INVHSTIGATIONS OF THIS STRUCTURE

In o series of tests, to determine the effect of verying the
length of the tempering time upon the structure end impect velue
of quenched high speed steél, each semple wes quenched from es
neer 2300°F, &8 possible end then tempered et verious times,
varying from 15 minutes to 13 hours. The tempereture wes 1070
to 1080°F, Every tempered semple showed the needle like structure.
It veried in depth from 010 in. in the sample tempered for 12
hours to 0007 in. in the semple drawn for 9 hours. There ep-
peered to be no connection between the length of the tempering
time and the depth of the needle like structurees For example
it wes 40025 in. deep in both the semple temvered for 15 min,
end the sample tempered for & hourse Other investigetions, in-
cluding the present one, seem to indicate thet & verietion in
the temvering time or tempereture hes no influence in ceusing

‘this structure.

ONE !ETHOD OF OVARCOMING THIS STRUCTURE

Since this structure is usuelly not over 005 in. deep it
cen usuelly be removed by leeving enough stock on both sides of
the cutting edges so thet 005 in. mey be ground eswey efter
hardening and temveringe However, this is difficult end expene
sive and in some ceses even impossible without speciel grinding

meachines,
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SUMMARY

In conclusion, the results of this end our other investige-
tions would seem to werrent the following stetements:
ls Thet overheeting might not be entirely
the enswer becruse this structure wes
present =8 fer es Fig. 17=D, while Fige
11l-D showed e&hout the correct herdening
temrereture. In other investiretions
whecre the temperesture wes held es neer
23000F, es possible this structure wes
sometimes vresente, However, overhesting
or some one temperature not necesserily
very high considering high speed steel
temperatures probebly hes & decided in~
fluence, if it is not the entire ceuse,
beceuse in most ceses this structure is
on the outside of the semples, which be=-
comes the hottest, 2l1ls0o this structure is
elweys very coerse which helps to orove
the ehove stetement,
2e¢ Thet uneven heating is out of the question

becsuse it is often present in smell
semples which heve been hested with lebore-

tory eecurecye
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Insufficient tempering ie not the ceuse
for the reeson thet the semples in this
investigetion were temnered for 14 hours,
which is meny times the usuel length of
timees In 2 previous investigetion where
the temrering time wes veried, there
soemed to be no effect so fer es time wes
concernede

Tempering before the tools were entirely
cold, certeinly wes not the ceuse of the
needle like structure in this cese, for
the reeson that the samples were et room
temperature for two deys before they were
tempered,

The structure does not appeer to be & mere
tensitic structure because they do not look
elike, end beceause it seems to beer no re-
laetion to tempering time nor tempereturee
Mertensite is e trensitory structure which
should very with both time end temperetures
Pr. Tdwerds end Dr. latthews both refer to
it es8 thourh it was 2 new structure. In
feot Dr. Edwerds cells it "e new brittle

constituent”,
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The informetion obteined in this end in
our other investigetions, does not def-
initely prove the cesuse of this structure.
It does, however, show one method of over-
coming the difficulty where it exists es e
thin leyer on the outside of tools. It
elso shows thet tempering time nor temper-
eture seem to heve no effect upon it end
thet it is very 11ké1y ceused in some way
during the hardening operation, therefore
e prectice of hardening should be used
which would eliminete this structure es

riuch es possibles
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