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Sections: 

 Common Properties and Conversions 

 Thermodynamics 

 Heat Transfer 

 Fluid Mechanics 

 Mechanics of Materials 

 Failure Theories 

 Motor Equations/Electrical 

Common Properties/Conversions: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7.48𝑔𝑎𝑙 = 1𝑓𝑡3 

1𝑔𝑎𝑙 = 8.35𝑙𝑏 

1𝑠𝑡𝑜𝑘𝑒 = 100𝑐𝑠𝑡 = 929 𝑓𝑡2 𝑠⁄  

778 𝑓𝑡 ∙ 𝑙𝑏𝑠 = 1𝑏𝑡𝑢 

1𝑐𝑚 = 0.3937𝑖𝑛 = 3.281 × 10−2 

1𝑚 = 39.37𝑖𝑛 = 3.281𝑓𝑡 

1𝑚2 = 10.76𝑓𝑡2 = 1550𝑖𝑛2 

1𝑚3 = 35.31𝑓𝑡3 = 6.102 × 104𝑖𝑛3 

1𝑀𝑊 = 3.412 × 106
𝑏𝑡𝑢

ℎ𝑟
 

1𝑘𝑊 = 3412.14
𝑏𝑡𝑢

ℎ𝑟
 

Common conversions: 

12000 btu/hr=1 ton 

𝑔𝑐 = 32.2
𝑙𝑏𝑚𝑓𝑡

𝑙𝑏𝑓𝑠2
 

𝐶𝑝(𝑎𝑖𝑟) = 0.24
𝑏𝑡𝑢

𝑙𝑏𝑚 ∙ 𝐹
 

𝐶𝑝(𝑤𝑎𝑡𝑒𝑟) = 1.0
𝑏𝑡𝑢

𝑙𝑏𝑚 ∙ 𝐹
 

𝐶𝑣(𝑎𝑖𝑟) = 0.171
𝑏𝑡𝑢

𝑙𝑏𝑚 ∙ 𝐹
 

Common Constants:  

 

Gravitational Constant 

Specific Heat (constant pressure): 

Specific Heat (constant volume): 
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DENSITY 

Material  (lb/ft3) Material  (lb/ft3) 

Aluminum 172 Mercury 847 

Brass 540 SAE 20 Motor Oil 57 

Carbon tetrachloride 99.4 Seawater 63.9 

Copper 570 Stainless Steel 499 - 512 

Ethyl Alcohol 49.3 Water 62.4 

Gasoline 42.5 Wrought Iron 474 - 499 

Glycerin 78.6 Air @ 32 °F and 1 atmosphere 0.0805 

Kerosene 50 Air @ 70 °F and 1 atmosphere 0.0749 
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Gauge 
Density of air [lb/ft

3
] at different temperatures [°F] 

pressure 

[psi]  30 40 50 60 70 80 90 100 120 140 150 200 

0 0.081 0.08 0.078 0.076 0.075 0.074 0.072 0.071 0.069 0.066 0.065 0.06 

5 0.109 0.107 0.105 0.102 0.101 0.099 0.097 0.095 0.092 0.089 0.087 0.081 

10 0.136 0.134 0.131 0.128 0.126 0.124 0.121 0.119 0.115 0.111 0.109 0.101 

20 0.192 0.188 0.185 0.18 0.177 0.174 0.171 0.168 0.162 0.156 0.154 0.142 

30 0.247 0.242 0.238 0.232 0.228 0.224 0.22 0.216 0.208 0.201 0.198 0.183 

40 0.302 0.295 0.291 0.284 0.279 0.274 0.269 0.264 0.255 0.246 0.242 0.225 

50 0.357 0.35 0.344 0.336 0.33 0.324 0.318 0.312 0.302 0.291 0.287 0.265 

60 0.412 0.404 0.397 0.388 0.381 0.374 0.367 0.361 0.348 0.337 0.331 0.306 

70 0.467 0.458 0.451 0.44 0.432 0.424 0.416 0.409 0.395 0.382 0.375 0.347 

80 0.522 0.512 0.504 0.492 0.483 0.474 0.465 0.457 0.441 0.427 0.42 0.388 

90 0.578 0.566 0.557 0.544 0.534 0.524 0.515 0.505 0.488 0.472 0.464 0.429 

100 0.633 0.62 0.61 0.596 0.585 0.574 0.564 0.554 0.535 0.517 0.508 0.47 

120 0.743 0.728 0.717 0.7 0.687 0.674 0.662 0.65 0.628 0.607 0.597 0.552 

140 0.853 0.836 0.823 0.804 0.789 0.774 0.76 0.747 0.721 0.697 0.686 0.634 

150 0.909 0.89 0.876 0.856 0.84 0.824 0.809 0.795 0.768 0.742 0.73 0.675 

200 1.185 1.161 1.142 1.116 1.095 1.075 1.055 1.036 1.001 0.967 0.951 0.879 

250 1.46 1.431 1.408 1.376 1.35 1.325 1.301 1.278 1.234 1.193 1.173 1.084 

300 1.736 1.702 1.674 1.636 1.605 1.575 1.547 1.519 1.467 1.418 1.395 1.289 

400 2.29 2.24 2.21 2.16 2.12 2.08 2.04 2 1.933 1.868 1.838 1.698 

500 2.84 2.78 2.74 2.68 2.63 2.58 2.53 2.48 2.4 2.32 2.28 2.11 

700 3.94 3.86 3.8 3.72 3.65 3.58 3.51 3.45 3.33 3.22 3.17 2.93 

800 4.49 4.4 4.33 4.24 4.16 4.08 4 3.93 3.8 3.67 3.61 3.34 

900 5.05 4.95 4.87 4.76 4.67 4.58 4.5 4.42 4.26 4.12 4.05 3.75 

1000 5.6 5.49 5.4 5.28 5.18 5.08 4.99 4.9 4.73 4.57 4.5 4.16 

 
 
 
 

SPECIFIC GRAVITY 

Material  (SG) Carbon 
dioxide 

0.00198 Oxygen 0.00143 

Acetylene 0.0017 
Carbon 

monoxide 
0.00126 Petrol 0.72 

Air, dry 0.0013 Cast iron 7.20 PVC 1.36 

Alcohol 0.82 Hydrogen 0.00009 Rubber 0.96 

Aluminum 2.72 Lead 11.35 Steel 7.82 

Brass 8.48 Mercury 13.59 Tin 7.28 
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Cadmium 8.57 Nickel 8.73 Zinc 7.12 

Chromium 7.03 Nitrogen 0.00125 Water (4oC) 1.00 

Copper 8.79 Nylon 1.12 Water, sea 1.027 

 

Gas or Vapor Formula cp 

(Btu/(lbm
oF)) 

cv 

(Btu/(lbm
oF)) 

κ = 
cp / cv 

cp - cv 

(ft 
lbf/(lbm

oR)) 

Acetone  0.35 0.32 1.11  

Acetylene C2H2 0.35 0.27 1.232 59.34 

Air  0.24 0.17 1.40 53.34 

Alcohol C2H5OH 0.45 0.4 1.13  

Alcohol CH3OH 0.46 0.37 1.26  

Ammonia NH3 0.52 0.4 1.31 96.5 

Argon Ar 0.12 0.07 1.667  

Benzene C6H6 0.26 0.24 1.12  

Blast furnace gas  0.25 0.17 1.41 55.05 

Bromine  0.06 0.05 1.28  

Butatiene       1.12   

Butane C4H10 0.395 0.356 1.094 26.5 

Carbon dioxide CO2 0.21 0.16 1.289 38.86 

Carbon monoxide CO 0.24 0.17 1.40 55.14 

Carbon disulphide  0.16 0.13 1.21  

Chlorine Cl2 0.12 0.09 1.34  

Chloroform  0.15 0.13 1.15  

Coal gas      

Combustion products  0.24    

Ethane C2H6 0.39 0.32 1.187 51.5 

Ether  0.48 0.47 1.03  

Ethylene C2H4 0.4 0.33 1.240 55.08 

Monochlorodifluoromethane, 
R-22 

      1.18   

Helium He 1.25 0.75 1.667 386.3 

Hexane       1.06   

Hydrochloric acid      

Hydrogen H2 3.42 2.43 1.405 765.9 

Hydrogen Chloride HCl 0.191 0.135 1.41 42.4 

Hydrogen Sulfide H2S 0.243 0.187 1.32 45.2 

Hydroxyl OH     1.384   

Krypton      

Methane CH4 0.59 0.45 1.304 96.4 

Methyl Chloride CH3Cl 0.240 0.200 1.20 30.6 

Natural Gas  0.56 0.44 1.27 79.1 

Neon       1.667   
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Gas or Vapor Formula cp 

(Btu/(lbm
oF)) 

cv 

(Btu/(lbm
oF)) 

κ = 
cp / cv 

cp - cv 

(ft 
lbf/(lbm

oR)) 

Nitric Oxide NO 0.23 0.17 1.386  

Nitrogen N2 0.25 0.18 1.400 54.99 

Nitrogen tetroxide  1.12 1.1 1.02  

Nitrous oxide N2O 0.21 0.17 1.27 35.1 

Oxygen O2 0.22 0.16 1.395 48.24 

Pentane       1.07   

Propane C3H8 0.39 0.34 1.13 35.0 

Propene (propylene) C3H6 0.36 0.31 1.15 36.8 

Steam 1 psia. 120 – 600 oF  0.46 0.35 1.32  

Steam 14.7 psia. 220 – 600 oF  0.47 0.36 1.31  

Steam 150 psia. 360 – 600 oF  0.54 0.42 1.28  

Sulfur dioxide (Sulphur 
dioxide) 

SO2 0.15 0.12 1.29 24.1 

      

 

 

SPECIFIC HEAT Cp 

 (Btu/(lbm 
oF))  (Btu/(lbm 

oF)) 

Aluminum 0.22 Osmium 0.031 

Antimony 0.05 Palladium 0.057 

Barium 0.048 Platinum 0.03 

Beryllium 0.436 Plutonium 0.032 

Bismuth 0.03 Potassium 0.180 

Cadmium 0.055 Rhenium 0.033 

Calsium 0.15 Rhodium 0.058 

Carbon Steel 0.12 Rubidium 0.086 

Cast Iron 0.11 Ruthenium 0.057 

Cesium 0.057 Scandium 0.14 

Chromium 0.11 Selenium 0.077 

Cobalt 0.1 Silicon 0.17 

Copper 0.09 Silver 0.057 

Gallium 0.088 Sodium 0.29 

Germanium 0.076 Strontium 0.072 

Gold 0.03 Tantalum 0.034 

Hafnium 0.033 Thallium 0.03 

Indium 0.057 Thorium 0.03 

Iridium 0.31 Tin 0.05 

Iron 0.11 Titanium 0.13 

Lanthanum 0.047 Tungsten 0.032 
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Lead 0.03 Uranium 0.028 

Lithium 0.85 Vanadium 0.116 

Lutetium 0.036 Yttrium 0.072 

Magnesium 0.25 Zinc 0.09 

Manganese 0.114 Zirconium 0.06 

Mercury 0.03 Wrought Iron 0.12 

Molybdenum 0.06 Ruthenium 0.22 

Nickel 0.10   

Niobium (Columbium) 0.064   

    

MOLECULAR WEIGHT 

 (lb/kmole)   

Acetylene, C2H2 57.4 Isoprene 150 

Air 63.9 Isopropylbenzene 265 

Ammonia (R-717) 37.5 Krypton 185 

Argon, Ar 88.1 Methane, CH4 35.4 

Benzene 172 Methyl Alcohol 70.6 

n - Butane, C4H10 128 Methyl Butane 159 

1,2 - Butadiene 119 Methyl Chloride 111 

1-Butene 124 Methylcyclohexane 216 

cis -2-Butene 124 Methylcyclopentane 186 

trans-2-Butene 124 2 - Methylhexane 221 

Butylene 124 2 - Methylpentane 190 

Carbon Dioxide, CO2 97 Natural Gas 41.9 

Carbon Disulphide 168 Neon, Ne 44.5 

Carbon Monoxide, CO 61.8 Neohexane 190 

Chlorine 156 Neopentane 159 

Cyclohexane 186 Nitric Oxide, NO 66.2 

Cyclopentane 155 Nitrogen, N2 61.8 

n – Decane 314 Nitrous Oxide, N2O 97 

Deuterium 4.44 n – Nonane 283 

2,3 - Dimetylbutane 190 n - Octane 252 

2,2 - Dimethylpentane 221 Oxygen, O2 70.5 

Diisobutyl 252 Ozone 106 

Duoderane 375 n – Pentane 159 

Ethane, C2H6 66.3 Pentylene 154 

Ethene 61.8 Propane, C3H8 97.2 

Ethyl Alcohol 102 Propene 92.8 

Ethylbenzene 234 Propylene 92.8 

Ethyl Chloride 142 R-11 303 

3 - Ethylpentane 221 R-12 267 
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Higher and Lower Heating Values for Common Fuels 

Fuel Formula HHV/GHV [btu/lbm] LHV/NCV [btu/lbm] 

Gasoline C8H18 20500 19082 

Kerosene - 19800 18391 

Diesel C10H20 - C15H28 19650 18453 

Hydrogen H 61000 51500 

LPG (propane/butane) - 21180 19562 

Natural Gas - 23170 21003 

Methane CH4 24000 21500 

Methanol CH3OH 8580 7760 

Bituminous C137H97O9NS 11630 11101 

Anthracite C240H90O4NS 12750 12520 

 

 

 

 

 

 

 

 

Ethylene, C2H4 61.8 R-22 191 

Fluorine 83.8 R-114 377 

Helium, He 8.82 R-123 337 

n – Heptane 221 R-134a 225 

n – Hexane 190 R-611 132 

Hydrochloric Acid 80.4 Styrene 230 

Hydrogen, H2 4.44 Sulfur 70.6 

Hydrogen Chloride 80.4 Sulfur Dioxide (Sulphur 
Dioxide) 

141 

Hydrogen Sulfide 75.1 Sulfuric Oxide 106 

Hydroxyl, OH 37.5 Toluene, toluol 203 

Isobutane (2-Metyl propane) 128 Triptane 221 

Isobutene 124 Xenon 289 

Isooctane 464 o - Xylene, xylol 234 

Isopentane 159 Water Vapor - Steam, 
H2O 

39.7 
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THERMODYNAMICS: 

 

 

 

 

 

  

𝑇𝑎 = 𝑇𝑏 (
𝑃𝑎

𝑃𝑏
)

(
𝛾−1

𝛾
)

      𝜂𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑜𝑟 =
𝑇2 − 𝑇1

𝑇2′ − 𝑇1
 

𝑇2

𝑇1
= (

𝑝2

𝑝1
)

𝛾−1
𝛾

= (
𝑉1

𝑉2
)

𝛾−1

= (
𝜌2

𝜌1
)

𝛾−1

 

(
𝑇2

𝑇1
)

𝛾
𝛾−1

=
𝑝2

𝑝1
= (

𝑉1

𝑉2
)

𝛾

= (
𝜌2

𝜌1
)

𝛾

 

(
𝑇1

𝑇2
)

1
𝛾−1

= (
𝑝1

𝑝2
)

1
𝛾

=
𝑉2

𝑉1
=

𝜌1

𝜌2
 

(
𝑇2

𝑇1
)

1
𝛾−1

= (
𝑝2

𝑝1
)

1
𝛾

=
𝑉1

𝑉2
=

𝜌2

𝜌1
 

𝑤ℎ𝑒𝑟𝑒 𝛾 =
𝐶𝑝

𝐶𝑣
 

𝑊𝑖𝑑𝑒𝑎𝑙 = 𝑚(ℎ1 − ℎ2) 

Isentropic Process: (ΔS=0) 

Isentropic Relations for an Ideal Gas: 

Adiabatic: (Q=0) 

𝑠 = 𝑠𝑓 + 𝑥𝑠𝑓𝑔 

𝑢 = 𝑢𝑓 + 𝑥𝑢𝑓𝑔 

𝑣 = 𝑣𝑓 + 𝑥𝑣ℎ𝑓𝑔 

𝑥 =
𝑚𝑔𝑎𝑠

𝑚𝑔𝑎𝑠 + 𝑚𝑓𝑙𝑢𝑖𝑑
 

ℎ = 𝑥ℎ𝑔 + (1 − 𝑥)ℎ𝑓 

𝑠 = 𝑥𝑠𝑔 + (1 − 𝑥)𝑠𝑓 

𝑢 = 𝑥𝑢𝑔 + (1 − 𝑥)𝑢𝑓 

𝑣 = 𝑥𝑣𝑔 + (1 − 𝑥)𝑣𝑓 

 

Quality: 

ℎ = ℎ𝑓 + 𝑥ℎ𝑓𝑔   

∆𝑠 = 𝐶𝑝 ln
𝑇2

𝑇1
− 𝑅 ln

𝑃2

𝑃1
         

∆𝑠 = 𝐶𝑣 ln
𝑇2

𝑇1
− 𝑅 ln

𝑉2

𝑉1
 

𝐶𝑝 − 𝐶𝑣 = 𝑅 

∆ℎ = 𝐶𝑝∆𝑇           ∆𝑢 = 𝐶𝑣∆𝑇 

Constant Heat Capacities: 

At/near room temperatures- 

 

 

𝑃𝑉 = 𝑚𝑅𝑇 

𝑃𝑉 =
𝑚𝑅∗𝑇

𝑀𝑊
 

𝑅 =
𝑅∗

𝑀𝑊
 

Ideal Gas: 

Where R* is the universal gas 

constant is 1545.4 (ft-lbf)/(lbmol-R) 
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HEAT TRANSFER: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

𝑅𝑡ℎ =
𝑇1 − 𝑇2

𝑄
[
𝐹 ⋅ ℎ𝑟

𝐵𝑡𝑢
] 

 Thermal Resistance: 

For a plate :  

𝑅𝑡ℎ =
𝐿

𝑘𝐴
         

T1 T2

L                   

 
For a film: 
 

𝑅𝑡ℎ =
1

ℎ𝐴
         Where h is the film coefficient 

 
For a curved layer: 
 

𝑅𝑡ℎ =
ln

𝑟𝑜
𝑟𝑖

2𝜋𝑘𝐿
            

R1

Ro

 

 
L=length of curved layer (into the page) 
 

NOTE: Thermal resistance doesn’t equal R 
value! 

𝑇𝑡 = 𝑇∞ + (𝑇𝑜 − 𝑇∞)𝑒−𝑟𝑡 

𝑟𝑡 = − ln
(𝑇𝑡 − 𝑇∞)

(𝑇𝑜 − 𝑇∞)
 

𝑇𝑡 = 𝑇∞ + (𝑇𝑜 − 𝑇∞)𝑒−𝐵𝑖(𝐹𝑜) 

𝑇𝑡 = 𝑇∞ + (𝑇𝑜 − 𝑇∞)𝑒
𝑡

𝑅𝑒𝐶𝑒⁄  

𝐶𝑒 = 𝐶𝑝𝜌𝑉 

Transient Heat Transfer (Newton’s 

Method): 

Or 

Where      r= rate constant (usually given) 
                  t=time 
 T∞=Surrounding Temp 
 To=Initial Temp 
 Tt=Temp at time t 

 

Lumped Parameter Method: 

If Bi<0.1: 

Where     Fo=Fourier number (usually given) 
 t=time 
 T∞=Surrounding Temp 
 To=Initial Temp 
 Tt=Temp at time t 
 Bi=Biot number 
 

Lumped parameter-Electrical Analogy 

Where     t=time 
 T∞=Surrounding Temp 
 To=Initial Temp 
 Tt=Temp at time t 
 Bi=Biot number 
 

And           𝑅𝑒 =
1

ℎ𝐴𝑠
 

NOTE: ReCe is also known as the time 

constant (τ) 
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FLUID MECHANICS: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑃1𝑔1

𝜌1𝑔𝑐
+

𝑉1
2

2𝑔𝑐
+

𝑧𝑔1

𝑔𝑐
+ 𝐸𝐴 =

𝑃2

𝜌2
+

𝑉2
2

2𝑔𝑐
+

𝑧𝑔2

𝑔𝑐
+ 𝐸𝐸 + 𝐸𝑓 + 𝐸𝑚 

Bernoullis equation: 

Where: P=pressure [lbm/ft2] 
               ρ=density [lbm/ft3] 
 V=velocity [ft/s] or [ft/m] 
 gc=gravitational constant 32.2 [lbm-ft/lbf-s2] 
 g=gravitational constant at point of interest [ft] 
 Ea=Energy added to the system (pump or compressor) [ft] 
 EE=Energy extracted from the system (turbine) [ft] 
 Ef=Energy lost due to friction [ft] 
 Em=Energy lost due to major pipe losses (bends, fittings, valves, etc.) [ft] 

 

Energy Added: 𝐸𝐴 =
550[

𝑓𝑡−𝑙𝑏𝑠

𝑠−ℎ𝑝
]𝑃𝐻𝑝𝜂

�̇�[
𝑙𝑏𝑠𝑚

𝑠
]

=
1000[

𝑊

𝑘𝑊
]𝑃𝑘𝑊𝜂

�̇�
 

Where:              𝑃ℎ𝑝 =
ℎ[𝑓𝑡]𝑄[𝑔𝑝𝑚]𝑆𝐺

3956
=

Δ𝑃[𝑝𝑠𝑖]𝑄[
𝑓𝑡3

𝑠⁄ ]

550
 

 

Energy Extracted (turbine):  𝐸𝐸 =
𝑃[

𝑓𝑡−𝑙𝑏

𝑠
]

�̇�[
𝑙𝑏

𝑠
]

 

Friction Energy: 𝐸𝑓 = ℎ𝑓 ×
𝑔

𝑔𝑐
=

𝑓×𝐿[𝑓𝑡]𝑉2[
𝑓𝑡

𝑠
]2

2𝐷[𝑓𝑡]𝑔𝑐[
𝑙𝑏𝑚−𝑓𝑡

𝑙𝑏𝑓−𝑠2 ]
 

Where: 𝑓 = 𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟  taken from Moody chart 
 

Pipe/fitting loss energy:  𝐸𝑚 = ℎ𝑚 ×
𝑔

𝑔𝑐
= 𝐾ℎ𝑣 =

𝑓×𝐿𝑒[𝑓𝑡]

𝐷[𝑓𝑡]
×

𝑉2[
𝑓𝑡

𝑠
]2

2𝑔𝑐[
𝑙𝑏𝑚−𝑓𝑡

𝑙𝑏𝑓−𝑠2 ]
 

𝑅𝑒 =
𝜌𝑉𝐷ℎ

𝑔𝑐𝜇
 

Reynolds Number: 

Where: ρ=density [lbm/ft3] 
              V= Velocity [ft/s] 
 Dh=Hydraulic diameter [ft] 
 gc=gravitational constant 32.2   [lbm-

ft/lbf-s2] 
 µ=Viscosity [lbf-s/ft2] 
 

Laminar Flow:   Re< 2100 and  
               Vaverage=1/2(Vmax) 
 
Turbulent Flow: Re > 4000 and  
  Vaverage=Q /A 
 
Where: Q=volumetric flow [ft3/s] 
 A=Area [ft2] 
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𝑉𝐵 = √(
𝑓𝐴

𝑓𝐵
) (

𝐿𝐴

𝐿𝐵
) (

𝐷𝐵

𝐷
) × 𝑉𝑎 

Pipe Systems: 

A

B  

VA+VB=Vt 

Where: VA = flow through pipe A 
 VB = flow through pipe B 
 Vt = total flow in or out of system 
 

 
Where: fA = friction factor through pipe A (unitless) 
 fB = friction factor through pipe B 
 LA = length of pipe A [ft] 

LB = length of pipe B 
DA = diameter of pipe A [ft] 
DB = diameter of pipe B 
VA = flow rate through pipe A [ft3/sec] 
VB = flow rate through pipe B  

 
hA = hB 

 

Where: hA = head loss across pipe A 
hB = head loss across pipe B 
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MECHANICS OF MATERIALS: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

𝛿 =
𝐿𝑜𝜎

𝐸
=

𝐿𝑜𝐹

𝐸𝐴
 

AXIAL ELONGATION IN A BEAM: 

Where: δ = axial deformation [ft] 
 Lo= original length [ft] 
 σ = axial stress [lb/ft2] 
 E = modulus of elasticity       

[lbf/ft2] 

𝜎 = 𝐸𝜀 

𝜏 = 𝐺𝜙 

HOOKES LAW: 

Where: σ = stress [lb/ft2] 
 E = modulus of elasticity  [lbf/ft2] 
 ε = strain [dimensionless] 

 

 
Where: τ = shear stress [lb/ft2] 
 G = modulus of rigidity (or shear 

modulus)       [lbf/ft2] 
 φ = shear strain [dimensionless] 

𝜙 =
𝑇𝐿

𝐺𝐽
 

𝜏𝑆𝐻𝐸𝐴𝑅 =
𝑇𝑟

𝐽
 

𝐽 =
𝜋𝑟4

2
 

𝐽 =
𝜋(𝑟𝑜𝑢𝑡𝑠𝑖𝑑𝑒

4 − 𝑟𝑖𝑛𝑠𝑖𝑑𝑒
4 )

2
 

CIRCULAR SHAFT TORSION: 

And  

Where: φ = angle of twist [rad] 
 T = torque  [lbf-ft] 
 L = length [ft] 
 G = modulus of rigidity (or shear 

modulus)       [lbf/ft2] 
 J = Polar moment of inertia [ft4] 
 r = radius of shaft [ft] 
 
POLAR MOMENT OF SOLID SHAFT: 
 

 

POLAR MOMENT OF HOLLOW SHAFT: 
 

 

𝜎 =
𝑀𝑐

𝐼
 

BENDING STRESS IN A BEAM: 

Where: M = Moment at point of stress [lb/ft2] 
 C = distance from neutral axis [ft] 
 I = centroidal moment of inertia 

[ft4] 
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FAILURE THEORIES: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝜎1, 𝜎2 =
1

2
(𝜎𝑋 + 𝜎𝑌) ±

1

2
√(𝜎𝑋 − 𝜎𝑌)2 + (2𝜏)2 

𝜏1, 𝜏2 = ±
√(𝜎𝑋 − 𝜎𝑌)2 + (2𝜏)2

2
 

PRINCIPAL STRESS: 

PRINCIPAL MAX SHEAR: 

𝜎1

𝑆𝑢𝑡
+

𝜎2

𝑆𝑢𝑐
> 1 

𝐹𝑆 =
𝑆𝑢𝑡

𝜎1
 

1

𝐹𝑆
= 𝜎1 (

1

𝑆𝑢𝑡
+

1

𝑆𝑢𝑐
) +

𝜎2

𝑆𝑢𝑐
 

FOR BRITTLE MATERIALS: 

Static Loading: 

Max Normal Stress Theory,  

Failure Criteria: 𝜎 > 𝑆𝑢 

And       𝐹𝑆 =
𝑆𝑢

𝜎
 

 𝑆𝑎 =
𝑆𝑢

𝐹𝑆
 

Where  Su = ultimate strength (psi) of the 
material 

 FS=Factor of Safety 
 Sa = Allowable Stress 

 

Coulomb-Mohr, 

Where  Sut = ultimate strength (psi) of the 
material in tension 

 Sut = ultimate strength (psi) of the 
material in compression 

 σ1,2 = Principal stresses (psi) 

 

Modified Mohr, 

When σ1  ≥  0 ,  σ1   ≥  –σ2 

When σ1  ≥  0 ,  σ1   ≤  –σ2 

 

𝜖 =
𝑆𝑦

𝐸
 

FOR DUCTILE MATERIALS: 

Static, uniaxial Loading: 

Failure Criteria: 𝜎 > 𝑆𝑦 

Max strain theory: 

Max shear stress theory: 

𝑆𝑦𝑠 =
𝑆𝑦𝑡

2
  

(yield strength in shear is half the 

tensile yield strength) 

Where  SY = yield strength (psi) of the material 
 ε=strain 
 E = Modulus of elasticity 
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εf

Conservative? Syt = Syc?

Conservative?
Modified Mohr 

(MM)

Brittle Coulomb-

Mohr (BCM)

Ductile Coulomb-

Mohr (DCM)

Distortion Energy 

(DE)

Maximum Shear 

Stress (MSS)

<0.05 >0.05

 

 

St

St-Sc

-Sc

σ2

σ1

NON FAILURE 

REGION

 

 

Sut

Sut-Suc

-Suc

σ2

σ1

NON FAILURE 

REGION

Coulomb-M
ohr

M
od

ifi
ed

-M
oh

r

 

Brittle Coulomb-Mohr: 

Quadrant Failure Criteria 

σ1 ≥ σ2 ≥ 0 𝜎1 =
𝑆𝑢𝑡

𝐹𝑆
 

σ1 ≥ 0 ≥ σ2 
𝜎1

𝑆𝑢𝑡
−

𝜎2

𝑆𝑢𝑐
=

1

𝐹𝑆
 

0 ≥ σ1 ≥ σ2 𝜎2 = −
𝑆𝑢𝑐

𝐹𝑆
 

 

Brittle Modified-Mohr: 

Quadrant Failure Criteria 

σ1 ≥ σ2 ≥ 0 𝜎1 =
𝑆𝑢𝑡

𝐹𝑆
 

σ1 ≥ 0 ≥ σ2 and |
𝜎2

𝜎1
| ≤ 1 𝜎1 =

𝑆𝑢𝑡

𝐹𝑆
 

σ1 ≥ 0 ≥ σ2 and |
𝜎2

𝜎1
| > 1 

(𝑆𝑢𝑐 − 𝑆𝑢𝑡)𝜎1

𝑆𝑢𝑐𝑆𝑢𝑡
−

𝜎2

𝑆𝑢𝑐
=

1

𝐹𝑆
 

0 ≥ σ1 ≥ σ2 𝜎2 = −
𝑆𝑢𝑐

𝐹𝑆
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Syt

Syt-Syc

-Syc

σ2

σ1

NON FAILURE 

REGION

 

 

 

Syt

Syt-Syc

-Syc

σ2

σ1

NON FAILURE 

REGION

 

 

 

Sy
-Sy

-Sy

σ2

σ1

NON FAILURE 

REGION

Sy

 

Ductile Coulomb-Mohr: 

Quadrant Failure Criteria 

σ1 ≥ σ2 ≥ 0 𝜎1 =
𝑆𝑢𝑡

𝐹𝑆
 

σ1 ≥ 0 ≥ σ2 
𝜎1

𝑆𝑢𝑡
−

𝜎2

𝑆𝑢𝑐
=

1

𝐹𝑆
 

0 ≥ σ1 ≥ σ2 𝜎2 = −
𝑆𝑢𝑐

𝐹𝑆
 

 

𝜎′ = √𝜎1
2 + 𝜎2

2 − 𝜎1𝜎2 

𝐹𝑆 =
𝑆𝑦𝑡

𝜎′
 

Ductile Loading: Distortion Energy Theory 

Effective Stress (Von Mises Stress): 

Factor of Safety: 

𝐹𝑆 =
𝑆𝑦𝑠

𝜏𝑚𝑎𝑥
=

𝑆𝑦𝑡

2𝜏𝑚𝑎𝑥
 

Maximum Shear Stress Theory: 

See MERM for equations 52.8-52.14 

𝑆𝑦𝑠 =
𝑆𝑦𝑡

2
 ,   I.e. Yield strength in shear is half of tensile yield strength. 

𝜏12 =
𝜎1−𝜎2

2
  ,  𝜏23 =

𝜎2−𝜎3

2
  ,  𝜏13 =

𝜎1−𝜎3

2
 , 

𝜏𝑚𝑎𝑥 = max (𝜏12, 𝜏23, 𝜏13)  

Factor of Safety: 
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Motor Equations/Electrical 

 

 

 

 

 

 

 

 

 

 

 

𝐵𝐻𝑃 = 𝑛𝑎𝑚𝑒𝑝𝑙𝑎𝑡𝑒 𝐻𝑃 ×
𝑉𝑜𝑙𝑡𝑠𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 × 𝐴𝑚𝑝𝑠𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑

𝑉𝑜𝑙𝑡𝑠𝑛𝑎𝑚𝑒𝑝𝑙𝑎𝑡𝑒 × 𝐴𝑚𝑝𝑠𝑛𝑎𝑚𝑒𝑝𝑙𝑎𝑡𝑒
 

𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝐵𝐻𝑃 = 𝐻𝑃𝑛𝑎𝑚𝑒𝑝𝑙𝑎𝑡𝑒 ×
𝐴𝑚𝑝𝑠𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 × 𝑉𝑜𝑙𝑡𝑠𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑

745.7
 

𝐵𝐻𝑃𝑠𝑖𝑛𝑔𝑙𝑒 𝑝ℎ𝑎𝑠𝑒 =
𝐴𝑚𝑝𝑠𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 × 𝑉𝑜𝑙𝑡𝑠𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 × 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 × 𝑝𝑜𝑤𝑒𝑟 𝑓𝑎𝑐𝑡𝑜𝑟

745.7
 

𝐵𝐻𝑃𝑡ℎ𝑟𝑒𝑒 𝑝ℎ𝑎𝑠𝑒 =
1.732 × 𝐴𝑚𝑝𝑠𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 × 𝑉𝑜𝑙𝑡𝑠𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 × 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 × 𝑝𝑜𝑤𝑒𝑟 𝑓𝑎𝑐𝑡𝑜𝑟 × %𝑜𝑓 𝑙𝑜𝑎𝑑

745.7
 

𝐵𝐻𝑃 =
𝜏(𝑓𝑡 − 𝑙𝑏𝑠) × 2𝜋(

𝑟𝑎𝑑
𝑟𝑒𝑣) × 𝜔(𝑟𝑝𝑚)

33000
 

BHP from Amps and Volts: 

𝑉 = 𝐴 × 𝑅 

Ohms law: 

𝑇𝑖𝑛−𝑙𝑏 =
𝐻𝑝 × 63025

𝑛
 

𝑇𝑓𝑡−𝑙𝑏 =
𝐻𝑝 × 5252

𝑛
 

Torque and Power: 

Where n=rpm 


