
MET 4501 Fall 2024: Practice In-Class Quiz 5     Name: 
 

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 ½ 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, 𝑆௦௬. 
b) The static load corresponding to the yield strength, 𝐹௬. 
c) The spring rate, 𝑘. 
d) The deflection that would be caused by the load in (b), 𝑦௬. 
e) The solid length of the spring, 𝐿௦. 
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? 
 
 
 

 

SOLUTION



a THE STRENGTH OF SPRING WIRE DEPENDS ON
THE WIRE SIZE d FROM TABLE A 28 IN SHIGLEY

O

o

d 0.016 in 0.41 mm

FROM TABLE 10 4 IN SHIGLEY

i

A 2211 MPa mmm m 0.145



THEREFORE THE ULTIMATE TENSILE STRENGTH IS

Sut m as 2516 MPa

THEN FROM TABLE 10 6

Ssy 0.45Sut 0 45 2516MPa 1132ND
b Fy
WE KNOW THAT I KB8FI

Td

AND Fy IS THE FORCE REQUIRED FOR
I Ssy SO REARRANGING

Fy



WE KNOW Do 4 5mm SO

D Do d 4 5 0.41mm 4.09mm

THE BERGSTRESSER FACTOR IS

KB

WHERE C Pd IS THE SPRING INDEX

C 10

KB 1.14

SO THE FORCE TO CAUSE STATIC YIELD IS

F tt 1 6.6ND



c

k Na

Na CAN BE FOUND USING TABLE 10 1

WE'RE GIVEN Nt 14.5 50

Nt Nat 2 Na Nt 2
145 2 12.5

G CAN BE FOUND IN TABLE 10 5

o
o o



6 82.7 6Pa 82.7 109 Pa

0.342NM.MN

d y F Ky

y FY
mm

192m

e Ls FROM TABLE 10 1

d Nt 1 41mm 14.5 1 6.36nF



f Lo TO AVOID YIELD

Lo sty 6.36 19.2 mm 25.6mF

9 IS BUCKLING POSSIBLE

THE ABSOLUTE STABILITYCONDITION IS

Lo GET
FROM TABLE 10 5 E 203.4GPa ANDG 82.76Pa

WE LOOK IN TABLE 10 2 FOR α

4 4991 8 511
Lo 416.82 mm 25.6416826

BUCKLING POSSIBLE



h FROM TABLE 10 1

o o

p 42 25.6mmzf.am

p1.95mmD

BONUS ACTUAL 22 mm FOR

MY PEN SO THE SPRING MIGHT

BUCKLE

WHAT PROTECTS AGAINST A FAILURE

WELL THE SPRING IS RESTRAINED

WHEN PROPERLY INSTALLED BY A



ROD THE TUBEOF INK AND BY

BEING LOCATED IN A HOLE INSIDE

THE BODY OF THE PEN

AS INSTALLED


