MET 4501 Fall 2024: Practice In-Class Quiz5 Name: SQLUT lDN

INSTRUCTIONS:

This quiz is open-book and open-note, and you may work with your classmates. Please answer
all questions and show all of your work.

GIVEN:

A spring inside a ballpoint pen fails catastrophically during normal use. The spring breaks and
ejects violently from the pen, hitting the user in the eye, causing significant injury. We’ve been
asked to investigate the incident to determine if this failure is due to defective design, inadequate
testing or quality control, a material defect, or something else.

The helical compression spring, as designed, is made of no. 6 music wire. The outside coil
diameter of the spring is 4.5 mm.

The ends are squared and there are 14 % total turns. Note that “closed” and squared” are
synonyms.

FIND:

If the spring material is yielded during normal use. We’'ll break that task down into the below
steps:

a) The torsional yield strength of the wire, Sj,,.

b) The static load corresponding to the yield strength, F,.

c) The spring rate, k.

d) The deflection that would be caused by the load in (b), y,.

e) The solid length of the spring, L.

f) What length should the spring be to ensure that when it is compressed solid and then
released, there will be no permanent change in the free length?

g) Given the length found in (f), is buckling a possibility?

h) The pitch of the body coil, p.

BONUS:

With a pair of calibrated calipers, measure the length of a spring inside an exemplar pen. Is the
free length appropriate?



(o) THE STRENGTH OF SPRING WIRE DEPENDS oN
THE WIRE s1ZE, d. FROM TABLE A-2R IN SHIGLEY:

A 28 Decimal Equivalents of Wire and Sheet-Aetal Gauopes® (A Sizes Are Given in Inches)

| | Steel Wire
Name American Birmingham | United Manu- or | |  Stubs
of | or Brown or Stubs States facturers Washburn ( Music ' Steel ] Twist
Gauge: & Sharpe Iron Wire Standard* dard & Moen Wire Wire Drill
Tubing, A —
Ferrous Ferrous Ferrous
Nonferrous Strip, Flat Sheet and Wire Steel Twist
Principal Sheet, Wire, Wire, and Plate, Ferrous Except Music Drill Drills and
Use: and Rod Spring Steel 480 Ibf/ft® Sheet Music Wire Wire Rod Drill Steel
7/0 0.500 0.490
6/0 0.580 0 0.468 75 04615 0.004
5/0 0.516 5 0437 5 0.430 5 0.005
4/0 0.460 0 0.454 0.406 25 0.393 8 0.006
3/0 0.409 6 0.425 0.375 03625 0.007
2/0 0.364 8 0.380 0.343 75 0.3310 0.008
0 0.324 9 0.340 03125 0.306 5 0.009
1 0.289 3 0.300 0.281 25 0.283 0 0.010 0.227 02280
2 0.257 6 0.284 0.265 625 0.262 5 0.011 0.219 02210
3 0.229 4 0.259 0.25 02391 0.243 7 0.012 0.212 02130
4 0.204 3 0.238 0.234 375 0.224 2 02253 0.013 0.207 0.209 0
5 0.181 9 0.220 0.218 75 0.209 2 0.207 0 0.014 0.204 0.205 5
(] 0162 0 0.203 0.203 125 01943 0.192 0 @l 0.201 02040
7 0.144 3 0.180 0.187 5 0.179 3 0.177 0 .018 0.199 0.201 0
8 0.128 5 0.165 0.171 875 0.164 4 0.162 0 0.020 0.197 0.199 0
9 0.114 4 0.148 0.156 25 0.149 5 0.148 3 0.022 0.194 0.196 0
10 | 0.101 9 0.134 0.140 625 0.134 5 0.135 0 0.024 0.191 0.193 5
11 [ 009 74 | 0.120 0.125 0.119 6 0.120 5 0.026 0.188 0.191 0
12 0.080 81 0.109 0.109 357 0.104 6 0.105 5 0.029 0.185 0.189 0
13 0.071 96 0.095 0.093 75 0.089 7 0.091 5 0.031 0.182 0.1850
14 0.064 08 0.083 0.078 125 0.074 7 0.080 0 0.033 0.180 0.1820
15 0.057 07 0.072 0.070 312 5 0.067 3 0.072 0 0.035 0.178 0.180 0
16 0.050 82 [ 0.065 0.062 5 0.059 8 0.062 5 0.037 0.175 0.177 0
17 | 0.045 26 | 0.058 0.056 25 0.053 8 0.054 0 0.039 0.172 0.173 0
(Continued)
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d=0.0\v in= 0.4l mm

FROM TtABLE 10-4 IN SHIGLEY:

Relative
ASTM | Exponent Diameter, Cost of
Material No. m Diameter, in mm Wire
e e

- 0004100256 201 0.10t0 6.5 26

OQ&T wiref A229 0.187 0.020 to 0.500 147 0.5to 12.7 1855 1.3
Hard-drawn wire? A227 0.190 0.028 to 0.500 140 0.7 to 12.7 1783 1.0
Chrome-vanadium wire$ A232 0.168 0.032 to 0.437 169 0.8to 11.1 2005 3.1
Chrome-silicon wirell A401 0.108 0.063 to 0.375 202 1.6t09.5 1974 4.0
302 Stainless wire* A313 0.146 0.013 to0 0.10 169 0.3t02.5 1867 7.6to 11

0.263 0.10 to 0.20 128 2ESHOtS 2065

0.478 0.20 to 0.40 90 5to 10 2911
Phosphor-bronze wire™ B159 0 0.004 to 0.022 145 0.1t0 0.6 1000 8.0

0.028 0.022 to 0.075 121 0.6to2 913

0.064 0.075 to 0.30 110 2t07.5 932

A= 221l MPa-mm™ , m=0.195



THEREFORE, THE ULTIMATE TENSILE STRENGTH IS:

- 2211
Su+ - ft\m = 145 = 25l Mfa

(O41)>
THEN, FROM TABLE (D-p,

Maximum Percent of Tensile Strength

Before Set Removed After Set Removed

(includes Ky, or Ky) (includes K))
Music wire and cold- 45 60 to 70
drawn carbon steel

Hardened and tempered 50 65to 75
carbon and low-alloy steel

Austenitic stainless 35 55 to 65
steels

Nonferrous alloys 35 55to 65

= 045S,, = 0.45(25(b M) =112 MPa

S53
(b) Fy°
WE know THAT =K, 3E0
Td?>
AND Fy IS THE FORCE REQUIRED FOR
U= Sga SO, REARPANGING:
': _Td? S5y
¥KD




WE KNOW D =4.Smm , SO
D: DQ‘A: 4 5-0.49mm = 4.09 mm

THE BERGSTRASSER FACTOR\S

-4C+2
Ko =Ze3
WHERE C=0) (s the SPRING INDEX.
D _409 _
C = d ~ 049 0

K, = 4C+2 :4(lu)+z .
°4C-3 Ta(p)-3 1%
so, THE FORCE To CAUSE STATIC YIELD IS

g 11-(0.‘}) mm>3(](32. MPa) - |
YT T R(1.19)(4.08 rmy y 6.6 N'




(&) o L6
~ R0°Na
Na CA'N 6E FOUND USING T‘ABLE‘ 'O“‘

Type of Spring Ends

Plain and Squared or | Squared and
Term Ground Closed Ground

End coils, N, 2
m N, N, +1 N,+2 N,+2

Free length, L, pN,+d PN, + 1) pN,+3d PN, +2d

Solid length, L,  d(N,+ 1) dN; d(N,+ 1) dN;

Pitch, p (Lo—dyN, Ly/(N,+1) (@Ly—3dyN, (I,—2dyN,

WE RE GIVEN N, = 4.5, So
N'l': Nm'l‘ 2 §‘\> Nu: Nt.-z-
=145-2=125

G CAN BE FOUND N TABLE (0-S:

Elastic Limit,
Percent of $% Di
1ameter
Material 4,in

Music wire A228 65to 75 45 to 60

—_— 0.033 to 0.063
0.064 to 0.125 285 196.5 11.75 81.0
>0.125 28.0 193 116 80.0
HD spring A227 60 to 70 45 to 55 <0.032 28.8 198.6 117 80.7
0.033 to 0.063 28.7 197.9 116 80.0
0.064 to 0.125 28.6 1972 115 793
>0.125 285 196.5 114 78.6
Oil tempered A239 85 to 90 45 to 50 285 196.5 112 772

Valve spring A230 8510 90 50 to 60 295 203.4 112 772



G=R2F Cla= 827 X0 fa

&6 _ (o4 mmy) (82.7F GPu)

N*

80 No 2(4 ,qum>3( |2 '5‘)
.::YO.S“’Z Nfmm

(0\) ‘ju'? = ktj

=Y = 0342 N/mm:m z "'",")

(e) L.° FROM TABLE 10-):

Type of Spring Ends

I

Plain an
Term Groun

End coils, N, 0 1 2 2

Total coils, N, N, N,+1 a2 N,+2

Free length, L, pN,+d PN, +1) PN, +3d PN, +2d
Colidlengh, Iy dN;+1) b, ﬁi(zv,wtl” dN,

Pitch, p (Lo—dyN, Ly/(N,+1) (Ly—3dyN, (L,—2dyN,

L= d(Ne+)=(tmm)(14.54) =[G 30w




() L, TO AVOID NIELDY
Lo=Lsty, T636+11.2 mm={256m

(4) Is BUCKLING POSSIBLET
THE ABSOLUTE STABILITY CONDITION (3¢

FROM tABLE (D-S, E=2034 Gia MD =32 76h
WE LOOK [N TABLE 10-2 FOR X

End Condition Constant a
———p> Spring supported between flat parallel surfaces (fixed ends)
One end supported by flat surface perpendicular to spring axis 0.707

(fixed); other end pivoted (hinged)

Both ends pivoted (hinged)
One end clamped; other end free 2

*Ends supported by flat surfaces must be squared and ground.

Ve 11'(40qmtv> 2(2—05.4—22.7')
L 05 2(22 F)+20%4

L. < 6,82 mm \zs.(o{ua.zz)
BUCKLING PossIBLE!




(h) FROM TARBLE 10-1:

Type of Spring Ends

Plain and Squared or | Squared and
Term Ground Closed Ground
2

End coils, N, 0 | 2

Total coils, N, N, N,+1 N,+2 W
Free length, L, pN,+d PN, + 1) PN, +3d PN, +2d
Solid length, L, d(N,+ 1) dN, d(N,+ 1) dN,

(Lo—dYN, Ly/N,+1) T(Lo— 3dyN,| &,-2dyN,

Lo - 3&1 _25.(amm“5(0.4l MM)
) 25

Na
[\«P= 145 m ]

—

—

BONUS" ACTUAL L, =22 mm FOR
MY PEN, SO THE SPRING MIGHT

BUCKLE.,

WHAT PROTECTS AGAINST A FAILURE [
WELL, THE SPRING IS RESTRAINED,

wheN PROPERLY INSTALLED, BY 4




R0 (THE TUBE OF INK) AND BY
BLING LOCATED N A HOLE (INSIDE
THE BoDY OF tHE PEN,)

(F INSTALLED AS Stow
HERE, BVEN IF THE
SPRING BUCKLES, T

WOULD (ONTACT THE
TUBE OF INK AND/OR THE

BoDY OF THE pEN.

$0,TO FAIL IN THE
MANNER ALLEGED,
[T SEEMS L |kE

SSMETHING ELSE MUsT
BE AT PLAY.




