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Applications in mechanical engineering

This training aid will illustrate the application of the HP 33S calculator to several problems arising in mechanical
engineering. These examples are far from exhaustive, but do indicate the incredible flexibility of the HP 33S calculator.

Practice solving problems in mechanical engineering
Application 1: Stress on an element (Mohr circle)

The Mohr circle equations convert an arbitrary stress configuration to principal stresses, maximum shear
stress, and rotation angle. It is then possible to calculate the state of stress for an arbitrary orientation 6'.

o Maximum
Stress State Principal Stresses Shear Stress

Figure 1

The Mohr circle formulas are shown below, where s is the normal stress, t is the shear stress, sy is the
stress in the x direction for Mohr circle input, sy is the stress in the y direction for Mohr circle input, Ty is the
shear stress on the element for the Mohr circle input, s1 and s; are the principal stresses, 0 is the rotation
angle, and tmax is the maximum shear stress. Note that 6 is the angle of rotation from the specified axis to
the principal axis, and so should be thought of as a negative angle. This is opposite to the normal Mohr
circle convention.
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. Sy~ Sy 2 !
Maximum shear stress 7., = + 7Ty Figure 2
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Principal stress S, = > + T ax Figure 3
o S, +S,
Principal stress S, = > Tnax Figure 4
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Rotation angle f=—tan" al Figure 5
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Example:  If s, = 25,000 psi, s, = -5,000 psi, and 1y, = 4,000 psi, compute the principal stresses, the angle of
rotation ©, and the maximum shear stress.

Solution: Solve for the maximum shear stress, Tmax.

In RPN mode: (2151 (0) 0] (o] ENTER]) (3] (0] () 0] CA = = x) 4] 0] 0] (0] (x)

In algebraic mode:  (2](5](0](0](0](=](5](0](0](0)(ZL](ENTER] (=] (2] (ENTER] ()
(£1(21 (0] (0] (0] () (ENTER] (X] (STO) (T]

ALG

[241BBBREE
125241747 Fues

Solve for the principal stress, s1.
In RPN mode: (2)(5]0J (0] (o] (ENTER] (5] (0]( 0] (0] FA) () (2] (=] (ReL) (11 (£]
In algebraic mode:  (21(5](0](0](0](+]1(5]1(0] (0] (0] L) (ENTER] (+](2] (] RCL] (T (ENTER]

ALG

cHHBE-Z+T=
2aa241747 P

Solve for the principal stress, s..
In RPN mode: (2)(5])(0] (0] (0] (ENTER] (5](0]( 0] (0] A () (2] (=] (Re) (T (=]
In algebraic mode:  (21(5](0](0](0](+](5]1(0](0])( 0] (FL)(ENTER] (£](2](=](RCL] (T](ENTER]

ALG

2HBARL2-T=
-22241747 Fues

Solve for the rotation angle, 6.

In RPN mode: (2](ENTER] (4] (0](0](0](x](2](5] (0] (0] (0] (ENTER] (53] (0] (0] (0] (4]
BRI AN (2]E)

In algebraic mode:  (2]x](4](0](0](0]H)I@I(J(2]1(5]0]0])] (=) (5] (0] (0] 0] 4]
(/3] () (ENTER] (&) (ATAN] (2] (2] (ENTER]

ALG

ATANZEEEREREEE
15T, Fues

Answer: The principal stresses, s1 and sy, are 25,524 psi and -5,524 psi. The angle of rotation, 6, is 7.4657 degrees.
The maximum shear stress is 15,524 psi.
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Application 2: Gear forces (worm gears)
There are three mutually perpendicular forces resulting from input torque on worm gears as shown below.

Driver: Worm (Right hand)
L\;’ !“f *Jf'"?_.‘..

A
. _ LA
Rotation F, mm”—-ﬁ* A
Fws Ft (worm)
F 1

Hgoar) \I‘lf}j}x

§S Rotation ;Ofm gear
/ // E

The worm gear force formulas are shown below, where T is the input (worm) torque, n is the pitch radius of
the worm, Fi is the tangential force on the worm, o is the lead angle of the worm, L is the lead of the worm,
ris the pitch radius of the worm gear, ¢n is the pressure angle measured perpendicular to the worm teeth,
¢ is the pressure angle measured parallel to the worm axis, f is the coefficient of friction, Fus is the
separating force between the worm and the gear, and Fga.y is the force parallel to the gear axis.

Figure 10

, T
Tangential force F=— Figure 11
r
. sing,
Separating force - wormand gear F,  =F, - Figure 12
cosg, sina +f cosa
ftana
. cos
Force parallel to gear axis Fox = F __cosh Figure 13
tana +
COoS ¢,
4 L
Lead angle a=tan"| — Figure 14
2t
4 tan
Pressure angle parallel to worm gear ¢ =tan l(—%] Figure 15
cosa
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Example:  Atorque of 512 in-Ib is applied to a worm gear having a pitch diameter of 2.92 inches and a lead of 2.2.
inches. The normal pressure angle is 20 degrees and the coefficient of friction is 0.10. Find the lead angle,
the forces on the worm and worm gear, and the tangential force.

Solution:  Solve for tangential force and store it in variable F.
In RPN mode: (2] (ENTER] (2] () (9 (2] ENTER] (2] (2] (£ (STO (£
In algebraic mode:  (5](1](2] (== (2] (] (2] (2)#E=) (1) ENTER] STO) (£

AL

aldsi29d+20=
JoB6543 Fore 18

Solve for the lead angle and store it in variable A. Make sure the HP 33S is in degrees mode first.

In RPN mode: (MODES) (1]
21O2IENTR) 2] H @@ E 2] @ 2 ENTER) E @)
&) (ATAN] STO) (A)

In algebraic mode: N

AQLU2EHR2IHEE@E)
@) Q2@ 2] (2] @) 1) ENTER] (&) (ATAN] (STO] (A]

ALG

2338223 1693E 7]
134861 Fore 17

Solve for the separating force on the worm.

In RPN mode: (RCL] (A)(SIN) (&) (LASTx] [COS] (0] (- (1) (] (x==¥] (2] (0] (COs)
2] SN (X)) REL (E](X]

In algebraic mode: (2101 (X)) ([ (2] (0] (COS]
(@M RCL (A (COs] (/) ) (X (RCL) (F) ENTER

AL

SINZB=(COS2@x5
3798933 P 18

Solve for the force parallel to the gear axis.

In RPN mode: Re (A TAN] () ) X2 e]cos) =H =) (=)
(OO ENTER) (2] (0] (COS) I RO (A TAN] (K] ()

In algebraic mode:  (REL)(EJX]1E@) (=] (1] (=]0] )X R (AJTAN] (2]

2] (cos) Im) (1] (=] 13) (Q [RCL) (A) TAN] (1] (0] () (1 =)
21 (cos) Im) (] I=]) (L) [ENTER]
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ALG

Frel1-B1XTANAS
9869879 P 19

Answer: The lead angle is 13.49 degrees, the separating force on the worm is approximately 379 pounds and the
force parallel to the worm gear axis is approximately 987 pounds. The tangential force is approximately 351
pounds.
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