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(Original of laverial Cont'd)

2. The spring for the clothes pin was fore
med in & machine constructed by Mr, Hardisty.
3. That erter some months the spring be-

comes glack and the clothes pin falls apari,

Information wag requested regarding the suita-
bility of the wirs for this type of clothes pin

and the bending of spring wirs and machinsg used fox

this purposs,

Object of Investigations

To evaluate the spring wire in respect to its

mitabllity for this design of clothes pin,

PROCEDURE:

L. Viswal BExemination:

'MFigures 1 and 2 are photagraphs
of the spring wire as Tormed and in the assembled clothes
pin, It was noted that soms springs appsared weak and
others strong In the assembled pin, TFigure 3 is a photo-
graph showing the pevimanent set induced in the spring
form as a result of the assembling opervation, Some of
the springs failed in the forming operation, Figure 4 i1s

& photograph of a typical failure,

2, Chamical Analysis:

Table I lists the results of the
chemical analysis of samples from two different colls,
For comparlson purposes only A.S.T.M. Specification A-287-

41 for hard drawn.spring steel wire ls also given,
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IABLE L
Chemicel Analysis A S. T .M, A-BR7-41 Analysis Spec.
2o 2.
Carbon (0,51 0,68 0,45 - 0,75
Manganese | 1,08 .07 0.60 - 1,20
Phosphorus| 0,015 0,008 ~048 max,
Sulphur 0,031 0,028 0580 mex,
Silicon 0,16 0,19 0,10 = 0,30

+ - Carbon conbent is only approximate dus to difflculty
in shearing small gemples for analysis,

4, Microgcopic Examinatilons

Transverse and longltudinal secte
ions were taken firom both satisfactory and unsatisfactory
spring wire, mounbted, etched and examinad under the micro
scope., Figure 6 ig & photomlerograph of the normal sorbi-
tic structure of the transverse avea, Pliure 7 1s a photow
mlcrograph of the longltudinel area showing the elongated
graing of a typleal hard drawn structure, No differences
were noted in the microstructure between the satisfactory
and unsatisfactory wire examined,

4. Physleal Tostgs

Both hardness and tensile testas
ware taken on various conditions of the wire, The results
are summarized Iln Table IT below., All hardness readings
ware taken on a Vickers Hardness Testing Machine (30 Kilos
load) and the results obtained converted to Rockwell ¥C©
9cale values and approximate tensile strengths. Tensile
tests were performed alter galvenizing had been removed
from the test pieces on a 20,000 lb, Baldwin-Southwark Ten-

sile Machine (2,000 1bh, scale) end values obtained converted

to approximate Rockwell "C" hardness numbers,

TABLE I1
Bscimated  [fenaile :
Condition of the Wire; Vickers | R"C"Nos.| btensile Strength
Nos, |by con- | strength (actual
version | by conver- (tests)
sion, ..l
(a) (L) ' ;
Coil wire prior to 420434 | 42-44 196000-20400(
straightening and : 47 231,000
forming {as rec'd), 47 | 231,000
Satisfactory springs 48 ! 234,000
were subsequently 48 234,600
formed from thlis wire
with normal breakagei
) i
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TABLE IT  (cont'd)

T HstinRted ten~ |Tensila
Condition of the |[Vigkers R"C"Nos. | sile strength | Strength

Wire Nos, by con- | by Converslon (actual tests
© |version P& 1, Pa8.1.,
b} - B
Coil wire af¢er i
traightening and 49 ‘ 241,000
Fmiar e forming ; 40 | 243,000
CH

pring wire from agd02-454 | 4145 189,000-212,000
emblad pins which [408-487 | 41-45 ' 189,000-212, 000
appeared woeak and [409-429 | 41,5«4% ; 183,000-200, 000
Llkely to fail in [406-4R828 | 4148 189000186, 000
garvice 45 *

210,000

- ——

g&) _

prings which were

slack in the assen-
led pin: A-preed-
ngs on the work-
ng arm, B-the ecrli }
lcal bend whers A467-449 44,56-48 | 208, 000-22Q, 000
he wire passes un-Ba67«47Q 44,5-48 | 216, 200-220,000
er the pin, C-readCiB9-473 4H-46 212,000=220, 000
ngs on the wire AMABR =448 4344 200, 000+208, 000
essing under the [RR4l-468 44-~44.5 ! 204,000-2158,000
in Citdd4-470] 44,5<48 { 208,000-220,000

(e)

tire from o coll
in which there ap-~
peared o be au une )

sual number of 49 238,000
fractures in form- . 49 237,400

am s e am——. e e st St

)
Springs which frace| 409-444] 41-4. 189, 000-212, 000
tured in forming. 409-439; 41-44.5 | 189,000.212,000

to the fracture,
lgh reading in
the uneffected wire

|

A.S,T. N, A=B27-4). gpecifies tensile limits of
SRADL, R0 o 204,000 pos.t, Tor 14 gaunge, hard drawn spring
wice, The A.d.M, landbook, 1839 Zdition (page 984) lists

& huardnoss renge of Rockwsll "C" 41 %o 45 for hard drawn
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spring stesel used in cold forming small helloal colla,
Compare the results obtained with both of these specls
flcations,

Physical Test #21, end chemlcal anelysls re-
sult #1 were both obtalined from The same céilo Similarly
test () and anzlysis #2 wore obtained from the same coil,
Apparently dlffleulty in producing satlsfactory pinsg in-
ereaged with the increased carbon content, although the
wire still fell within the limits of 4,8.7.M. Specifica~
tion A=-227-41.,

5. Design:

The stress analysis cf-this'type
of clothes pin was determined, Assuming 14 gauge hard
drawn spring wire sonforming to A.85.7.M. Spec, A-BE27-41
it can bo shown that the maxlmum gafe working stress with
intermittent losding is spproximately 48,000 p.s.i., This
i3 & torsional shear stress acbing at the crltical polnt
where the wire pesses under the pin. The astual working
atresa which is developed at this point was found to be
approximately 200,000 p.s.i., almost four times greater
than the safe allowable sitress., (See Appendix X) Atten-
tion is also called to the sharp right angle bends at
points A and B (ses figs, 1, 4) and the resulting deforma

!

tion on the inside of the bend (fig, 5)

Discussion:

It was reportsd that some difficultyils sxperiene
ced 1n asgembling the clonhes pian 1.e, breﬂkaga of &he
wire 1n tha forming operation and slackness of the spring

ig the assembled clothas pin, In add:_t;n,onD thes service
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1ife of this type of clothes pin was reported to be
semewhat shorter than thas normally expacied,

No differences were noted in the mierostructure
betwoen satisfactory and unsatisfactory vire. The wirve
has a normal pabented and cold drawn structure,

The chemical analysis revealsd nothing unusual,
A.S5.T.M. Specificabion A=-287-41 being very similar. The
physical %ests also fall within the limits of either this
gspecification or the physical requirements of a typlcal
specificatlion for a hard drawn spring steel used in cold-
forming small hellecal coils.t However, a definiite tendeney
was nobted betwsen the increased carbon content, the
hardness and the number of fallures in the forming operation.
I¢ is roported that an increase in the number of faillures
in foyming gccur as the carbon content ineresses., With
satisfagtory wirve, the hardness values were R “GU 41-48
and the carbon content approximately 0,55 per cent. When
the carbon content inereased to 0.68 per cent with a core
regponding increase iu bhardness to R "C"® 49, the number of
failures in the forming operation also inecreased, Note
however thet the wire still falls within the limits of
ASTM A-207-41. Tt would appear thabt althovgh the wire
8611l conforms to specificabion, it is not the most sult-
able for this partioular application; its sultability A
deoreasing as the composition of the wire spproaches elther
Limit of the specification. VUiire of higher carbon content
will omuse the fallure in Torming while that of lower
carbon content will permit permasnent set and slackness in
the assembled pin, |

00 S oP vo

+ A.3.iM. Handbook, 1939 Edition, Pages 983<4,
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The deglgn dovelops a high working stress (topr=
sional shear) at the critical bends where the wire pasgses
under the pin} It can be shoun that the gggggg working
gtress (200,000 p.s,i.) 1s far in excess of the waxlmmm
safe working stress (48,000 p,s.i.) for hard drawn spring
wire loaded intermittently and conforming to ASTN A-227-41,
The sherp right engle bends at points A and B (fig. 1.) act
as stress raisers, i,e, ectually raise the stress at these
cormers above the apperent maximum streas being epplied and
increagse the probability of fallure at A and B, This is
substantiated in figures 4 and 5, photographs of a typleal
failure, A 1&%@@? radiug at these points would help to
counteract this gtross-ralsing effect, When the service
streas accompanlies the sssembling and forming shbresses, il
fracture has not occeurred, short service life will pesuito
The type of failure wlll be detemmined by (a8) the megnitude
of varlable stresses end/or (b) whethar the wire 1s on the -

hlgh or low side of the chemical specification,

gonciuslons:

1. The wire has a normel patented and cold
drawn structurs, No differences wers nobted in the micro=
structure between satlafactory and unsatisfactory wire
oxamined,

2, The chemical and physical properties of
thls wire conforms to A,3.T.M. Specification A-827-41 and
in the semples examined were consistently within these
limita, |

So Ib wonld appear that the wire suppllad is
aaeording to gpecification but for this partlcular appliea-
ﬁioa ls noh the most sultable, Unsatugfactory springs oc-
cur when the wire varies from the average to the low or high

limits of the specification,

>Qo 000 BD
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(Conclusiong contfad)

4. Sevaral undersirable {eatures were noted
in the design. Tt develops a high working stress (tor-
slonal shoeer) greatly in excaess of the maximum safe worke
ing stress, Hence o short service life may be expected,
The stresseraising efffect of the shearp 90° bends furthaer

aggravete this condivion,

5, With wire of high carbon content, the like-
1lkood of failupe occuring in the forming operation is ine
creased, With wirs on the low side of the carbon range
and in conjunction with the savere &treéﬂ@ﬂ outlined in

the discussion, slackness will occur in the assembled pin,

B
Eeries WSt E R S e L

Recommondat(onso . {

The performance of the spring wire with this par-
ticular design would be iwmproved partially bys
(a) A lergoer bend radius at the polats A and

B (fig, 1.) consistent with satisfaectory asgembling,

(b) Chenging to sn oll-tempered spring wire

or a cold drawn wire of heavier gauge with the same op
higher physical properties, The abllity of the forming
machine %o band the wire, the recoil in Lforming snd the
praésure required to spread the jaws of the assembled pin
are limlting factors, Trial lots would determine the sulta-
bility of the wire., Since the product is In the low price
field, the cost fastor would be the prime conslideration in
changing to a different gauge oy wire,

However, in view of the undesirsble feaitures of
the design, it is felt that the romedial effeet of the above

suggestions would be very slight, With a change in design

to incorporate a hélical coll a® the point. where the wire

00060 90
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{ Rocommendations conttd)

passes undar the pin, better performance would he agsucead
since:

i. The working stress wonld be reducsl consider-
gbly to within sa¥e limits,

£, The straess-raising effect of the sharp 90°
bends would be totally ol .minsted at thai critical polint,

A further advantage to such a change in design
would be the utilization of a less expensive wire than 1s
now used,

000000000000

QOO0
00

(Figures 3 ©o ?”?Eilow,)
KBY: o {en Pagas 10 and 110 )
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(Investigation of Hard Drawn Spring Wire
As Used in the Twin Pin Clothes Pin, contid) -

AR SN TS

SkEFC B

Y

Raférring to the above sketab, 1t is scen
that the tobal stress acting on point B is composed of a
torsional sheax stress (the working stvasg) and static residual
stresses developed in the forming and assembling operations, |
0f these, the working stress is the most imporbtant since in
the assembled pin, it alone varies,

When the load is applied at i, the wire is twisted
at B. When the torque is removed and if the tors lonal yleld
point has not been exceeded, the resiliency of the wire will
return the spriug to its former shepe, However, with repeated
applications of the load the torsional yield point 1z exceeded,
permanent set occurs and the wire slackens, rvendering the
clothes pin useless. |

The load I, required to spread the jaws of the pin
was found for both jaws on six clothes pins, selected at
réndom from a dozen ready for market. These readings were
LO# - lﬁ# (12 readings, ave, = Ll&#).

Assuming the average pin using this type and sime(
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(Appendix, conttd) -

of wire requires & load of 13 lbs,

If L = applied load
B = resultant csacting force about A,

Fo= pesulteny foree on the spring abt .
Taking momonta about A
LED M xa,

187 % % ¥y % 7/16",
Fl & 1409 len

L

Taking moments aboub B

By ox K = Pg ¥
34 offx 1-8/8% = pg 2;‘ 140
Fa = 13,55 1lba.

The stress concontration is at point B of the wire.
Part of the force ¥o is taken up by the deflection of the
arm "¥%, Therefore Lt will givoe an added mosaure of safleby
to our caleulations if "¥" ig considerad s stiff member and
thet the whole of Fp is transmitited directly at B,

Therefore Torque = Fp x ¥

15,556 = L&l
20,4 in lbs,.

# 43

The reaction of the wooden slot in which the spring

fits counbteracts the bending elffect of Fg on the wire passing

" under the pin. Hence ot B only the torsional effect need

be considered.

The torsion formule T = 53 J where T = Torque in in,~lbs,
r Sg= max. unit shearing
atress 1o p.8.1,
o =
r = radiuws of the wire, ins

For a solid circular seetion J = wrd
!fs

snd 14 gauge wire has a diemeter = ,080%

i

Txr

L it

20,4 x ,04

7?590§)4

204, OOO PaBols

wmu:.m

= unit shear stress actually developed
in the spring
unlt working stress

Therelfore Jg

#

3!

f

polar moment of inertis
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(Appondix, contld) -

(2) A3 & check oa the value obtained for 8y (204,000
Pe8.1.), the deflection of polnt ¢ was roughly measured fox
ﬁoth,jaws of slx pine. It was roughly cstimated that ¢ moves
a distance of greater than 3/1.0" at right andles to "Y" when

the jaw is spirsad 1,6, x = .30 or highew,

only .29) ins.

jg' When X =
{
S Shen & = tan™t 201
\‘\\’M—% i 0575
TN
\ = R0

Also 35 = r{iug where © = radius of the wire
= 04
L 0 = angle of twist in radians
‘ By = shearing modulus of elasticity
= 12 x 10
1 = langth of the arm that is
twisted

it

%%, the length of the arm
pagsing under the pin since
only one jaw is belng
operated at a time,

If Y moves through 12¢
f= 12 2
180
= o209 vadians

and Sg = .04 x 209 x 12,000,000
L
Q

= 200,000 p.s.i.

This value is a close check on the praviously estimated working
stress.

{3) The following quotations are extrasted from "The
Deslgn of Machine Meubers" by A. Vallance, (p. 164J

(a) "Tests Indilcabte that the yleld stress in torsion is
approximately 45% of the ultimate strength in tension for oil-
tempered Wire and 38% for herd drawn wire,"

(b) ?The safe working stress should not exceed 80% of the
torsional yield stress and if the spring is ebntinucugly Sub=-

Jeeted to rapld load fluctvatlons, the working stress must
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{Appendix, conttd) -

bs reduced 25 to BOF." ‘

Consider 14 geuge hawd drawn spring wire cohﬂonming
to A.8.T.M, Specification A-2287-41, The tensile atrength
would fall betwsen 210,000 p.s.i. and 254,000 P.8.1. If
on the lower limit

the torsional yleld stresa = 38 x 210,000 = 73,500 p.s.i.
: ) 100

and therefore the safe working stress for intermittent loading
= 80 x 73,800 & 78 = 44,000 p.s.i. or lower, depending upon

100
the value between 25 and 50% arbiirarily selected.

Similarly, i on the upper Limit,
‘ the safe working stwess = 053,300 p.9.i,
Therefore the safe working stress lies between
44,000 p.n.1. or possibly lower (see above) and 53,300 p,s.il.
A flgure of 48,000 is arbitrarily selected.
Compare, the safe working stress (48,000 p.s.i.
approx.) with the actual working stress (200,000 p.s.i. approx.).

A e D daras s 10 St
A eyt oy S e, S

Qttawa, Ont. )
August 15, 1946,
KBY3LB.




