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CHAPTER 1 
THE NATURE OF MECHANICAL DESIGN 

 
Problems	1‐14	require	the	specification	of	functions	and	design	requirements	for	design	
projects	and	have	no	unique	solutions.	
	
15.	 D	 	1.75	in		25.4	mm/in	 	44.5	mm	
	
16.	 L	 		46.0	m		0.3048	m/ft	 	14.0	m	
	
17.	 T	 	12	500	lbin		0.1130	Nm/lbin	 	1418	Nm	
	
18.	 A	 		4.12	in2		645.2	mm2/in2	 	2658	mm2	
	
19.	 Section	modulus	 	S	 	14.8	in3		1.639104	mm3/in3	 	2.43105	mm3	
	
20.	 Moment	of	inertia	 	I	 	88.0	in4		4.162105	mm4/in4	 	3.66107	mm4	
	
21.	 Given:	Amin	 	750	mm2:	In	U.S.	units;	Amin	 	1.162	in2	

	 U.S.	Angle	–	From	Appendix	15‐1:			L223/8;			A	 	1.36	in2	 890	mm2 	

	 SI	Angle	–	From	Appendix	15‐3:		Angle	75755;			A	 	864	mm2	

22.	 Power	 	P	 	7.5	hp		745.7	W/hp	 	5.59103	W	 	5.59	kW	
	
23.	 Ultimate	tensile	strength	su	 	127	ksi		6.895	MPa/ksi	 	876	MPa	
	
24.	 Given:	Steel	shaft;	D	 	35	mm	 	0.035	m;	L	 	675	mm	 	0.675	m	

	 Find:	Weight	of	the	shaft:	Weight	 	mass		g	;		g	 	9.81	m/s2	

	 Mass	 	density		volume;	Density	of	steel	 	7680	kg/m3	 From	Appendix	3 	

	 Volume	 	V	 		area		length	 	D2/4		L	

	 V	 	 0.035	m 2/4		0.675	m	 	6.4910‐4	m3	

	 Mass	 	7680	kg/m3		6.4910‐4	m3	 	4.98	kg	

	 Weight	 	m		g	 	4.98	kg		9.81	m/s2	 	48.9	kgm/s2	 	48.9	N	
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25.	 Given:	For	a	torsional	spring,	Torque	 	180	lbin	for	35	of	rotation.		

Find	the	scale	of	the	spring	 	Torque	per	unit	of	rotation.	Express	the	result	in	both	

U.S.	and	SI	units.	

T	 	180	lbin		0.1130	Nm/lbin	 	20.3	Nm	

Angle	 	 	 	35			rad/180	 	0.611	radians	

Scale	 	T/ 	 	180	lbin/35	 	5.14	lbin/degree	

Scale	 	T/ 	 	20.3	Nm/0.611	rad	 	33.3	Nm/rad	

26.	 Given:	12.5	hp	motor	operating	16	h/day,	5	days/week	

	 Compute	the	energy,	E,		used	by	the	motor	for	one	year	in	both	U.S.	and	SI	units.	

	 E	 	12.5	hp		16h/day		5	days/wk		52	wks/year		550	ftlb/s/hp		3600	s/h	

	 E	 	1.031011	ftlb/year	

	 E	 	1.031011	ftlb/year		1.356	J/ftlb		1.0	Nm/J		1.0	W/Nm/s		1h/3600	s	

	 E	 	38.8106	Wh/year	 	38.8	MWh/year	

27.	 Given:	Viscosity	 		 	3.75	reyn		 1.0	lbs/in2 /reyn		144	in2/ft2	 	540	lbs/ft2	

	 	 	3.5	lbs/in2		4.448	N/lb		1.0	in2/645.2	mm2		106	mm2/m2	 	25.9103	Ns/m2	

28.	 Given:	n	 	1750	rpm;	24h/day;	5.0	years.	Find	life	in	number	of	revolutions.	

	 Life	 	1750	rev/min		24	h/day		60	min/h	365	days/year		5	years	

	 Life	 	4.60109	revolutions	
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17) 

17)

SAE

(Table 2-8) 

(Table 2-9)

SAE

from SAE 1040, 4140, 4340, 4640
(Table 2-9) 

from SAE 1040, 4140, 4340, 4640
steels  (Table 2-9)

SAE 1080 steel is a reasonable choice.
  
 

SAE 5160 OQT 1000
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SAE 1040 WQT 

SAE 1040 and

SAE 1040 WQT 

SAE 1040 and

SAE 1015, 1020,

 [See Appedix A-5.] 

 ASTM A992 Structural steel is used for most 
wide-flange beam shapes. 
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Problem 38 (Continued) 

 

 

 

 

 

 

ASTM A536, Grade 100-70-03 is a ductile iron with a 
tensile strength of 100 ksi (689 MPa); a yield strength of 
70 ksi (483 MPa); 3% elongation (brittle); modulus of 
elasticity (stiffness) of 24x106 psi (165 GPa). 
 
ASTM A47, Grade 32510 is a malleable iron with a tensile 
strength of 50 ksi (345 MPa); a yield strength of 32.5 ksi 
(224 MPa); 10% elongation (ductile); modulus of elasticity 
(stiffnes) of 26x106 (179 GPa. 
 

(Table 2-11)

 Aluminum 7178-T6 has the highest strength; tensile strength = 
88 ksi (607 MPa); yield strength = 78 ksi (538 MPa). 
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 PET, polyurethane 

PET.

PET

 Resins used for composites include polyesters, epoxies, 
polyimides, phenolics, (all thermosets), and 
thermoplastics: PE, PA, PEEK, PPS, PVC. 
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   See Section 2-17, Table 2-16, Figures 2-23 and 2-24 for  

    answers to Questions 74 to 100. 
 

  

   Questions 70-73 refer to Figure 2-23 and Table 2-17 in the text.

 General conclusions from Questions 70-73: The specific 
strengths of the metals listed range from 0.194x106 to 
1.00x106, approximately a factor of 5.0. The specific 
stiffnesses are very nearly equal for all metals listed, 
approximately 1.0x108 in. The specific strengths of the 
composites listed range from 1.87 to 4.88x106 in, much 
higher than any of the metals. Glass/epoxy has a specific 
stiffness about 2/3 that of the metals. The other 
composites listed range from 2.2 to 8.3 times as stiff as 
the metals.  
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