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Aid at the exam/appendices

e Schmid, SR, Hamrock, BJ and Jacobson, BO (2014) Fundamentals of Machine Elements. CRC
Press, Boca Raton FL, USA. (Original hard copy, or chapter copies)

e Sundstrém, B. (red.) . Handbook of Solid Mechanics. Stockholm: Department of Solid Mechanics,
KTH. Optional edition

e Formula sheet
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Problem 1 (Springs/ Shrink fit)

a) An overflow valve, shown in the sketch, has a piston
diameter of 12 mm and a slit length of 4 mm. The

spring has a mean coil diameter of D = 10 mm and a 1
wire diameter of d = 1.25 mm. The valve should open at ﬁ i j i a 012
2.5 bar (0.25 MPa) pressure and be totally open at 4 bar 7 [ l

(0.4 MPa) pressure when the spring is fully compressed.
Calculate the number of active coils, the free length, and

the pitch of the spring. The shear modulus for the spring — 4
material is G = 80 GPa. The spring ends are squared and ground. 3p)

b) Determine the maximum shear stress for this geometry. Use Wahl’s factor to account for the effect

of curvature on shear stress. (2p)

Problem 2 (Threaded joints)

A flange, holding a bearing and a geared shaft M4x0.7 stud
assembly in a gearbox is connected to the gearbox Flanged Nut
housing with M4x0.7 studs and flanged nuts, of p
grade 8.8 (steel , E = 207 GPa) as shown in the al * { 1] *
figure. The studs are mounted on threaded holes ) [ _
of the housing as shown in figure. I |

a)
b)

c)
d)

e)
f)

g)

The flange thickness is 4 mm (as shown) and it is
made of an aluminum alloy.

Calculate the proof strength of each stud.
Calculate the joint stiffness k;, using Wileman’s Threaded Hole CIearance Hole
equation.
Assume that the stud was wholly threaded and evaluate the stiffness of each stud in the joint.
Calculate required tightening torque to create a 3.5 kN preload. Assume a collar diameter of
5.2 mm and coefficient of friction of 0.15 between all surfaces.

Ttightening = P(0.161p + 0.577 dle- + 0.5 dcollarucollar)'

dp =d.—0.6495p

Calculate the mean stress and amplitude of stress, when external force changes between 0 and 2.5
kN (for each stud).
With the 3.5 kN preload, if the external load keeps increasing, which happens first? joint
separation, or studs reaching their proof strength? Find the maximum external force that the joint
can tolerate without separation or reaching studs proof strength.
Draw the corresponding bolt diagram (and show conditions e and f on it).
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Problem 1 (Fjadrar / Krympférband)

a) En dverstromningsventil, illustrerad i skissen, j ﬁ i i | ‘
, ﬁ 212

har en kolvdiameter pd 12 mm och en spaltlingd pa
4 mm. Fjddern har en medelspiraldiameter D = 10 ( r
mm och en tradddiameter d = 1,25 mm. Ventilen ska | |_|
Oppna vid ett tryck pa 2,5 bar (0,25 MPa) och vara

helt 6ppen vid 4 bar (0,4 MPa) nir fjadern &r fullt

_,|4'<__

sammanpressad. Berdkna antalet aktiva varv, den fria ldngden och fjdderstigningen.
Skjuvmodulen for fjidermaterialet &r G = 80 GPa. Fjdderdndarna &r slipade och planslipade.

(p)
b) Bestim den maximala skjuvspénningen for denna fjadergeometri. Anvénd Wahls faktor for
att beakta krokningens inverkan pa skjuvspanningen. (2p)
Problem 2 (Gangforband) M4x0.7 stud
Flanged Nut

kugghjulsaxel i en vixelldda dr fastsatt vid >

En fldns som haller ett lager och en p + 1, P
vixellddshuset med M4x0,7-pinnskruvar och I

fléansmuttrar av hallfasthetsklass 8.8 (stal, E = I 1 | J 4mm ¢

207 GPa), enligt figuren. Pinnskruvarna &r

Flansens tjocklek d&r 4 mm och materialet &r

monterade i gdngade hal i huset. \\\\\Q

en aluminiumlegering.

a)

b)
c)

d)

g)

Thr/eaded Hole Clearance Hole

Berékna provlasten (proof strength) for
varje pinnskruv.
Berikna forbandets styvhet (k;) med Wilemans ekvation.
Antag att pinnskruvarna &r fullt gdngade och bestdm styvheten hos varje pinnskruv i
forbandet.
Berikna det erforderliga atdragningsmomentet for att erhélla en forspanning pa 3,5 kN.
Antag en kragdiameter pa 5,2 mm och en friktionskoefficient pé 0,15 mellan alla
kontaktytor.

Ttightening = P(0-161p + 0-577dpp~ + 0.5, dcol]arp-collar)'

d, =d.—0.6495p
Berdkna medelspéanningen och spanningsamplituden i varje pinnskruv nér den yttre lasten
varierar mellan 0 och 2,5 kN.
Avgor vad som intriffar férst om lasten (P,,,) fortsétter att 6ka: forbandets separation
eller att pinnskruvarna nér sin provlast. Bestim den maximala kraft (P,,,) som forbandet
kan uppta utan separation eller att pinnskruvarna 6verskrider sin provlast.
Rita motsvarande skruvdiagram och markera villkoren e och f'i diagrammet.



