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Two parts are fastened by 4 rivets (Fig. 1). Calculate
lightweight design of the fastening by rivets as rods
loaded with shear forces. Assume that the loading is
distributed evenly among the rivets. Friction between
fastened parts is absent.

Loading forces are F = 2 kN.

Thickness of fastened parts is a = 10 mm.

Minimum safety factoris n_;, = 3.

Permissible shear stress is T qp,.

Consider hollow rivet design.

Consider materials with high strength-to-density ratio.

Perform cost comparison. _ _
‘ Fig. 1 — Loading scheme

Lightweight Design in Mechanical Engineering
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Problem 2

1. Consider solid rivets made of stainless steel,
copper, aluminum and titanium alloys.
Stainless steel AlSI 316; 0,4 5: = 205 MPa;

Copper alloy — Brass (Cu—Zn); 0,4 5, = 144 MPa;
Aluminum 6061; 0,014 o = 240 MP3;

Titanium Grade 5 (Ti-6Al-4V); 0,;e1q1; = 790 MPa.

Assume T o, = 0.6 0,4 / Ny, for all materials.
T =41 MPa;

= 28.8 MPa;

=48 MPa;

=158 MPa.

perm.St
perm.Br

T
tperm.AI
T

perm.Ti
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2. Construct a free-body diagram (FBD) to
determine shear forces V in rivets (Fig. 2).

From equilibrium condition 2F, =0,
F-4-V=0; V=F/4=0.5kN.

-
e
b

F

Fig. 2 — FBD for determining shear forces
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3. Determine minimum rivet cross-section area A ..
(Fig. 3), which satisfies the safety marginn_. =3.

=17.4 mm?;
=10.4 mm?;
=3.2 mm?;

a=V/t
=V/rt

perm.Al —

perm.Ti

4. Calculate minimum rivet diameters d_ .

d...=(4 A/ TY%=3.94mm;

d. s=(4-A g /MY =47 mm;

Arin.at = (4 Apgin.a1 / )2 = 3.64 mm; Fig. 3 — Solid rivet
Ainin7i = (8 * Anyinri / T1)/2 = 2.0 mm. cross-section scheme

‘ Lightweight Design in Mechanical Engineering o A
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5. Select diameters of solid rivets (Fig. 4), which satisfy the safety
margin n_;.. = 3, and calculate actual cross-section areas =
dact.St =4 mm, act St — [Tt (dact St)Z] /4 12.57 mmz |

dact.Br = 5 mm,; act Br = [T[ (dact Br)Z] /4 19 64 mmz d b
dact.AI = 4 mm, act Al — [T[ (dact AI)Z] /4 12 57 mmz

dact.Ti =3 mm; act T~ [Tt (dact TI)Z] /4 7.07 n’"'n2

for selected diameters of rivets
act ] =V / Aact.St =39.79 MPa; nact.St = tperm.St ) nmin/ tact.St = 309’

6. Determine actual tangent stresses t_, and safety factors n_ @ M

act Br = \ / Aact.Br =25.47 MPa; nact.Br = tperm.Br ) r‘min/ tact.Br = 3'39; F 4 S |d . t .
Cact.al = v / Aact.AI = 39.79 MPa; Nact.al = tperm.AI ) nmin/ Lact.al = 3.62; 8- olid rivets.
CactTi = v / Aact.Ti =70.74 MPa; Naceri = tperm.Ti ) nmin/ CactTi = 6.7. d— Steel; b _ braSS,

Lightweight Design in Mechanical Engineering o 5
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7. Calculate a hollow (tubular) rivet design (Fig. 5). Usually, the
opening in a hollow rivet is 70% of nominal rivet diameter.
Select hollow rivet outside diameters D, and verify selection if
the cross-section area A, is more than the minimum A_. ..
Dyp.st = 6 mm; typ g = 0.15 - Dyp e = 0.9 mm; Ay g = T (Dypse * tyrise — thrise’) = 14.42 mm?;
Dyrer =8 MM; typp, = 0.15 - Dy g, = 1.2mMmm; Ay g, = T (Dyypg, * tuppr — tursr’) = 18.1 mm?; :

Dypai = 5 MM; tyg o= 0.15 - Dy oy = 0.75 mm; Ay o = T (D g * tug i = tua?) = 1237 mm2;  Fig. 5 —
Dypyi =2 MM; typ 1 = 0.15 » Dy y; = 0.3 mm; Ay 1 = T (Dyygy; * typri — tyrri®) = 5.37 mm?, Hollow rivet
(HR) cross-

section

8. Determine actual tangent stresses t,; and safety factors n
Turst = V / Aprst = 34.67 MPa; Nyr.st = Tperm.st * Nin/ Thr.st = 3-55;
Turer = V / Aursr = 27.63 MPa; Nyr.Br = Tperm.Br Nin/ Threr = 3-13;
Tyrat = V / Ayra = 40.42 MP3; Nyr.al = Toerm.al Nin/ Thr.al = 3-56;
‘ Trri = V / Aprri = 93.07 MPa; NyrTi = ToermTi * Nein/ Thrmi = 5.1

Lightweight Design in Mechanical Engineering o 6
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9. Perform volume calculation for actual solid and hollow rivets
made of Stainless Steel, Brass, Aluminum and Titanium.
Average rivet head volume is 40% and 100% of pin volume

for solid and hollow rivets, respectively.

d
Vi, =A@ 1.4=175.93mm?3; Vo, =Ars - a2 =288.40 mm?3; & -
Vg, =A, g2 1.4=274.89mm3; V oo =Ayrp - a*2=361.91mm?3 N
Vy=A,ena-1.4=175.93mm3 Vg =Aura- a2 =247.40 mm3; | | F
Vi =A,pica 1.4=98.96 mm3  V o.=Agqn-ar2=107.44 mm3. NI N
C d

Fig. 6 — Hollow rivets (HR):
a — steel, b — brass,
‘ ¢ —aluminum, d — titanium
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10. Densities of materials are

Stainless steel AISI 316 pg, = 8000 kg/m?>; Brass Pg, = 8550 kg/m?>;
Aluminum 6061 P = 2700 kg/m?; Titanium Grade 5 pr; = 4430 kg/m?.
11. Calculate mass and weight of 4 solid rivets made of various materials

mg, = 4 - pg, - Vs, = 0.0056 kg; G, = mg, - g =0.055 N;

Mg, =4 - pg, * Vg, = 0.0094 kg; Gg, = Mg - g = 0.092 N;

my, =4 - py; + Vo = 0.0018 kg; Gy, = my - g = 0.002 N;

and hollow rivets

Mypst =4 * Ps; * Vipse = 0.0092 kg; Gyr.st = Myrst - 8 = 0.090 N;
Myrer =4 * Pgr * Virsr = 0.0124 kg; Gurpr = Mypp - §=0.121 N;
Mypai =4 Par " Vira = 0.0027 kg; Gyr.al = Mypa- 8 =0.026 N;

Mygri =4 Pri * Vigi = 0.0019 kg; Gyrri = Mygyi- 8= 0.019 N.
‘ Lightweight Design in Mechanical Engineering
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12. Perform cost calculations. Prices for materials per kg are
Stainless steel P, = 2.67 €/kg;

Brass P, = 8.4 €/kg;

Aluminum 6061 P, = 5.97 €/kg;

Titanium Grade 5 pp; = 2.34 €/kg.

13. Calculate material costs

MG, = mg, - P, = 0.015 €; MCig.st = Mygse * Psy = 0.025 €;
MCg, = mg, - pg, = 0.079 €; MCyg s = My g, * P, = 0.104 €;
MCp = My, - py = 0.004 €; MCyg.a = Myg.ar * P = 0.006 €;
MGy =my; - p;; = 0.01 €; MC,r7i = Mygri * Pri = 0.011 €.

‘ Lightweight Design in Mechanical Engineering o 9
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Conclusion.

Solid rivets under shear loads are more lightweight than equally safe hollow
rivets made of the same material.

Therefore, when calculating material costs, solid rivets are less expensive.
For stainless steel — by 67%, for brass — by 32%, for aluminum — by 43%, for
titanium — by 10%. This is mostly due to the fact that rivet head volume is
larger for hollow design. The safety margins are sufficient for all cases.

Aluminum rivets have the lowest cost out of all materials.

‘ Lightweight Design in Mechanical Engineering o 10
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Thank you for your attention!

Matthias Kroger, Prof. Dr.-Ing. at TUBAF
Serhii Onyshchenko, PhD, assoc. prof. at DUT
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