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(Origin of Matewrial and Object of Investigation, contid) -

in ordex to determine, if possible, the reason for faillure.

The remaining pins were from the Cockshubtt Plow
Company Limited, Brantford, Ontarioc. ALl but four were of
Sehafi. 1045 steel, the others helng of S.A.L. X1L335 steel.
Some of these pins had besn hardened by the Focco induction
method, whilst some had been quenched after Pelang liguld-
carburized. Bobth types of pina had been given a variety
of heat treatments after being hardened. An examination of
all pins was requested,; in ovder to determine which treat-
ment conferred the most satliasfactory properties.

In order to readlily identify the varlety of pins
exemined, the pin types were designated by lettera sg
indicated in the followinpg table;

Tablie T

TITANITERINNER

CoPoRe pins, pack-carburized S.A.fH.2110 ateel:

Iype

Ao = [Unbroken after 2092 miles.
B = Proken, no ﬂiioag ziven.
C o bl 1 k) xlh\'.. .ﬂli _LOM o

Do = o, 410 n

T - T, no mileage given.
},?o = i 9 A‘”‘O U"i(‘ S8,

Coekashutt Flow pinags

G. = TLiguidecarbucized S.A.1.1045 = R280° P, drawy no nl given.
Hr o wa 1 1 12 1 - ‘{!OQ €3 F R i 3 it e (14

ITo = ~ ® f i " = 600° P, " 327 miles.
Je = Tocco=hardensd J3.A.E.X13386 - 250° ¥, draw; 935 miles,
I{ ° b i i ﬂ‘ a A E; o 104. = 850@ E‘ @ ¥ g 95}5 1

Lo = " " f = 400° P, " : wo mil.given.
N{o = R L . 1 i = 6@09 I—i‘ ] it ; 232\{? mi.l@ﬂ LY
Ne f i S.A K. X335 = 2B0° P, draw,

Oo e it I 1s 1] - 2500 Fo 1R

F’ o . 1) 31 it i ’ oo 250@ Fc 11}

X e e
Zean S
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(Macroscopic BExaminetion, contid) -

Alameter meagurenents wore made on Ping A, I, My, and H
at the point on the pin whers faillure usually ogeurs. The

results obtained are veported in the following table, the

1

values glven Leing sn average of at least soven readings:

Pin Dlameter, in inches
Ao = 0.871L |
Ie = 0.869
Mo - Q.870
o 0,862

=3

Magnarlux Teste:

ALl the pins were magnafluxed, both civoularly
and longiltudinally, using the residusl powder method.
2,000 asmperes was used for circular snd 1500 amperes for
longitudinal magnetization.

No transverse cracks were found. Plgure 2
ahows & longitudinal defect found in a Tocco-hardened
S.ABe. 1045 pin which had been drawm at 2509 F., and had
been in service for 935 milss. Figures 3 and 4 show &
sories of radial cracks or strainsg on the head of a pin,
ag revealed by the magnaflux method. These wore presant
on two liquid-carburized pins drawn at different temperatures,
namely @50 F, and 400° F., but having gons the same

wmileaga, 935,

{(Figures 2, &, snd 4 are
ghown on next page)
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Hardness Testsa:

Using the Vickers method and a 10-kilogram
load, havdnssses wers baken of the etched zsamples atb
varying distenees from the surface., Depth-~to-hardness

relationships are shown in Table IT.

Teble L.

NOPENPist e

3  VICKhARS HABDNESS NUMBERS

SAMPLE ¢ A% g ATt Depths, in luches from surfnce

_NO, sosurface § O.ARS D003 0.0008 Q,0708 U0 & 0,1chs 0,450
A STOR 635 435 10 240 168 168 183
Bo 882 795 708 600 40% . 204 27 190
GCo 803 748 6a7 {75 250 2135 187 178
Do ' 882 688 628 =95 @12 L0 187 1.8&
Ee 8L% 767 672 455 352 2560 202 200
R Q33 a18 660 458 a6 16 17 167
G 570 Gi2 482 350 270 253 280 218
He eve 633 838 &85 EBJA 26a 60 245
Lo 654 455 S0 256 240 250 25 220
do 600 647 o770 270 a47 R4LE 240 230
Ko 853 795 755 37H 298 291 278 270
Lo 890 648 a0 410 Q40 230 Re8 217
Mo HAO 530 516 440 ST 310 238 224
Na 708 645 580 459 S45 240 RHE 228
0o 893 692 620 385 263 25%7 208 24%

P &00 626 LS}k 3056 2 220 2le 204
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Microscople Examination:

Polished sectlons from all pins were ezanined

under the microscope, bhoth in the unstched condition and

-after an eteh in a solution of 2 per cent nitric acid in

alecochol. DIramination of the unetched specimens showed
that the steel was quite clean. Plgures 6 to 14, which
appear at the end of this report, are photomicrographs,

at 1000 magnification, obtal ned from representative struce
tures revealed by the nital efch. Captions under the
flgures indicate the locations from which the photomicro-

graphs wore taken.

§$ee photomicrographs at end)

St

of this repors.

[AE,

Bend Tesba:

3,

BPend toests of the unbroken pins were carric d out
in an Amsler Unlversal testing machine, using le-inch yredil
and 9-inch ceantres.

The results obtalned are listed in Table ITIT.

Jable TIT.
Pin Bend at twreak, Broaking load, in
in degrees pounda
Ao - 1.5 - 5,00Q
G- - 28,9 - QQQOO
Ho - 10.5 - 8,650
Lo - 5.0 - 10,000
Je - 7.0 : - 8,200
Ko - 4.5 - 8,000
Lo - 7 ° 3 - 3.0 » OOO
Mo =~ 28,0 - 14,750
Vo - 1.8 - 75000
o & 1.3 - GgVOO
P < e '\?3 o 2 e 2 f:'OQ
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Discussion of Results:

Macrosconlc Bxeminatlon -

It is significent that pin breakege invariably
oecurs ab the same locabtion, which indicetes that the pin
i1s most hea%ily stressed ot this polnt rather than at the
eye junctures, This may occur as a result of lack of per-
feetion of the inner suriace of the eye holes, a condition
that is inevitable in any cest 1ink. IH would be interesting
to know whether pins used 1n 1links made bﬁ different
manufacturers all falled in the ssme place. 1t is alsc
gignificant that the pinsg show very little wear, a 9306-mlile
gservice only causing a reduction in diameter of 0.00% ineh.
It would seem, then, that the wear resistance of a very
havrd case is not nesded in this service. jhe fact that
breskages invariably occurs at the same location indlcates
a marked stresms concentration. The use of a softer and
more ductile material should result in betier stfeag
distribution.

Uognalflux Tests =

The maghaflux examinatlon showed no transverse
cracks in any of the pins. It 1a umlik@lyg then, that
guenching crscks are respongible for any of the pin fallurss
encountered and it would seem cerltsin that sgound hardened
casesn can be produced by the Tocco method. Subsequent
examination revesled that the indication of a longltudinal
defect in one Tocco pin was causged by an avea of strain.
Merkings in the head of the liguid-carburized pin moat
probably Indicate straln apeéS which form as a result of
forging at too low a temperature, since subssguent examina-

tion revealed no cracking in these sreas,



{Discuagsion of Results, contid) -

Cage Depth =~

Only Pins L&, G, and J met the apecification
requirements with regpect to case depth. It would scem
that the pins produced hy the ligquidecarburizing process,
however, would probadly be satisfectory oa this score,
although they sre llkely to have a cese depth of about 40
poer cont of the meximum aspecified. Three of the (¢. P. Re
pins have approximately the regulred depth of case. The
others have conaiderably thicker ceses. It ig obvious
thav the case produced by the Toecco method is liable
to e less uniform in thickness than the cese on pins
treated by pacle or liguidecarburlizing methods. The average
cage thicknesses on thessg Toeco-hardened pins 2lso éexceads
the specified maximum., Tooco-hardened pins, however, have
approximately the same case thicknessges as have the more

heavily carburized . P. R. plus.

a
¥

Hardness Tests

Only the C. P. B. pins and Ping K, N, and 0 have
cases of the required speciliflied hawdness. It ig peculiaw
that Pla G, which has heen drewn gt 2509 F., sbould have
a Jower hardness than Piag H and I, which hav@ beon drawn
respectively at 400° P, and 600° F., since all pins have
been glven the same hardening tveatment. The lower haprd.
neas ol Pin G may Do dus to the fact that 1t was improperly
quonchad. Tt 1s also possible that the pins may heve heen
mixed in tagging. Appsrently a 250° P, draw produces very
nearliy the roguired hardness ln both XL335 and 1045 Tocco-

treated pins. The cowres of the Pocco~herdensed pins have
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{(Discussion of Results, cont'd) -

(Hardneass Testa, conbid) -

&

more wuniform hardnessesg than have the cores ¢f the C. P. R.
pins., It is obvicus thet the Tecco treatment has 1littls
effect on the core wmaterial,.

Mileroscopic brxamination =

The cleanliness of the steel indicates that

satlafactorily made ateel was used in every case. The amounts

of ferrite in the core are an indication of the temperature
from which the core mat@pial was guenched., For the pack-
and liquid-carburized pins, the cors and case mabterial

must necessarily have been quenched from the same tompera-
ture. The lavge amount of ferwvite in the C. P. R. pins
shows that these pins were cooled slowly in the carburizing
medium and then reheated to approximately 1400° F. and
subsequently quenched. All other pinsg contaln only & small
amownt of ferrite, so they wmust have been quenched f£irom
Just undesr the uppor critical. It would have been better

e

1f these pims had heen quenched from a alightly higher
temperature, a8 a uniform fine pearlitic (sorbitic) struce~
ture is to be preferred. Gases produced by the Tocco
method are wmuch finer in structure than are cases produced
by packs- 2 liaid-carburizing. Because of this, it is
posgible that they might have bvebtbter properties.
All cases, however, had satisfactory structurss.

Bend Teats -

Only one G. P. R. pin was available for the

~

bend teat end 1t gave poor values. This should not be

Jetz

taken to landicste that this is the result that wight
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{Discusgion of Resulis, cont’d) =

(Bend Tests, contld) -

noruelly be ezpscted from . P. B. plnsg, as it is quits
poggible that this pin wag not representetive. Only

Pinsg G, Hy, T, snd M, L.0., all the liguid-carburlzed

pins and the Tocco pin that had been drawn abt 600% F.,
met the load reguiremonts of the specification. Pins 4
and L, however, very nearly met the requirements. The
eases of all of those pins had hardnesses under the gpecl-
fied minimam and the two pins that gave the best bend
best results had the softest cases. Case thickm@ﬂ& for
the ranges present sesms o have 1ittle effect on the
results, as the twd ping that gave the best results had
respectively the thinnest and thickest caas of any of the
pins examined. The liquid-carburizing method, obviously,
produces satisfactory pins. If the specified bend teat
Ls to be met, however, the Tocco treatment must be fol-

lowed by a draw of st least 400° R.

R A AT R AR B

Suremacy s

Since oniy one whole ¢. P. R. pin was submitted
for examination, it 1s not felt that any comment can be
made on this type of pin. It is obvious, however, thab
a good percentage of the (¢. P. R. pins have more than the
apacifled maxlmun case thlclness.

The liguidecarburized pins mest the requirements
of the specification and gbould give satisfactory service.

The Tocco-treated pins examined have cores with

non-uniform thicknesses. The average thickness of these cores
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{Summary, cont’ld) -

exceods the specified maximum by about the same amount
as do the thlclknesses of the cores on the more heavily
carburised (¢. P. K., pins. DBend test results indlcate that
Tocco pins wouwld probably not be satisfactory unless the
Tocco treatment were followed by a draw of ab least 400° P,
Megnaflux tests indicates that the pins have not
been ecrecked in process of manufecture. Pin dismeter
measurenents show that pin wear is smell. It would seem,
thon, thet the minimum allowable cage hardness shonld be

reduced.

Gonclusions:

Satisfactory pins can be produced by any of
the following processos:

(1} Pack carburizing followed by a guench and draw
to the reguired hardnesa,

(2) Tiquid carburizing followed by a quench and draw
to the regquired hardnesa,

(3) Induction hardening followed by a quench and draw
to the reguired hardness.

{(4) A quench snd draw of a sultably selected steel

to the reguired hardness,

-

Previous work has indicated that the Tocco
treatment wust be preceded by the last-named treatment,
because case depth becomes too great 1f unsorbitized stoeck

lg used. This heat treatment, of course, also improves

the core properties. It may be that this teeatment would

the thermonic principles were used, asg such equipment
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(Conclugiong, contid) -

operates at high frequency and consequently can produce
shallow caseg. The Induction Heating Company, of 389
Lafayette Street, New York (ity, meke such equipment for
induatrial vee and areo sald to sell & &0=kilowatt unit
for 85,000, TUnsorbitized pins heat-treated by this
method, of course, would not have as good core properties.
bxeepting induction treatments at very nigh
fraquencies, the quench and draw treatment undoubtedly
lends itself most readily to economical mass production.
If this method were to be followed, the steel selected
should have a composition which allowed for the production,
in a gquenching operation, of an outer hardened zone of
the desired thickness and a soft cove. Steels are available
which resct in this Fashion in %/8 inch sections. The
literature glves the required data on the subject, one
publication, the B.8.E. Journal, July 1943, being parti-
cularly valuable. This method of manufacture certeinly
merits a thorough Lest,

It should be emphasized that awn slloy steel 1s
not esaential in this application, for carbon steel should
give fairly satisfactory results fop éil methods of mani-
facture provided fthe ping are not heat-treated to too high
& hardness,

e results of This investlgation would show
that full advantage is not being takken of the high wear-
regiatance of very hard cages and yetu the use of ping having

such cages seriously lwmpeirs pin performence. Conalderation
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should be given, then, to changing the spscifleablion

to meet the realities of the situwation. It Iis firmly
believed that better results would be secured 1f case
hardnesses were held botween 500 and HHO Vickeras. In

thia event the wmaximum thickpess allowed for the case

conld be increassd to at least Q.08Q inch, as the

embrittiing effect of too thdek & cass ils not nearly ao

greal when the case hardness iz lowered. I these
chenges wers made in the specification, the allowable
bend anyle on a lZ-inch radius could be increased to
12 degrass 1F this were considered desirable.

Tt 1s belleved that ssrious conslderation

shouvld be given to these suggestions.

(Welsisistuiatelvisinieleininie
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