
Friction - Friction Coefficients and Calculator
Friction theory with calculator and friction coefficients for combinations of
materials like ice, aluminum, steel, graphite and many more.

ADVERTISEMENT

TIDE METALLIC*

The friction force is the force exerted by a surface when an object moves across it - or makes an effort
to move across it.

The frictional force can be expressed as

Ff = μ N                     (1)

where

Ff = frictional force (N, lb)

μ = static (μs) or kinetic (μk) frictional coefficient

N = normal force between the surfaces (N, lb)

There are at least two types of friction forces

kinetic (sliding) friction force- when an object moves
static friction force - when an object makes an effort to move
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For an object pulled or pushed horizontally the normal force - N - is simply the gravity force - or weight:

N = Fg

    = m ag                         (2)

where

Fg = gravity force - or weight (N, lb)

m = mass of object (kg, slugs)

ag = acceleration of gravity (9.81 m/s2, 32 ft/s2)

The friction force due to gravity (1) can with (2) be modified to

Ff = μ m ag                      (3)
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Friction Force Calculator
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2000  m - mass (kg, slugs)

9.81  ag - acceleration og gravity (9.81 m/s2, 32 ft/s2)

0.2  μ - friction coefficient

calculate!

Friction forces on inclined planes
Weight vs mass - the difference

Friction Coefficients for some Common Materials and Materials Combinations

Friction Coefficients vs. Materials and Surface Conditions

Aluminum Aluminum Clean and Dry 1.05 - 1.35 0.4

Aluminum Aluminum Lubricated and Greasy 0.3

Aluminum-bronze Steel Clean and Dry 0.45

Aluminum Mild Steel Clean and Dry 0.61 0.47

Aluminum Snow Wet 0oC 0.4

Aluminum Snow Dry 0oC 0.35

Brake material2) Cast iron Clean and Dry 0.4

Brake material2) Cast iron (wet) Clean and Dry 0.2

Brass Steel Clean and Dry 0.51 0.44

Brass Steel Grease 0.19

Brass Steel Castor oil 0.11

Brass Cast Iron Clean and Dry 0.3

Brass Ice Clean 0oC 0.02

Brass Ice Clean -80oC 0.15

Brick Wood Clean and Dry 0.6

Bronze Steel Grease 0.16

Bronze Cast Iron Clean and Dry 0.22

Bronze - sintered Steel Grease 0.13

Cadmium Cadmium Clean and Dry 0.5

Cadmium Cadmium Grease 0.05

Cadmium Chromium Clean and Dry 0.41

Cadmium Chromium Grease 0.34

Cadmium Mild Steel Clean and Dry 0.46

Cast Iron Cast Iron Clean and Dry 1.1 0.15

9/16/24, 12:18 PM Friction - Friction Coefficients and Calculator

https://www.engineeringtoolbox.com/friction-coefficients-d_778.html 3/17
3

https://www.engineeringtoolbox.com/mass-weight-d_589.html
https://www.engineeringtoolbox.com/mass-weight-d_589.html
https://www.engineeringtoolbox.com/inclined-planes-forces-d_1305.html
https://www.engineeringtoolbox.com/inclined-planes-forces-d_1305.html
https://www.engineeringtoolbox.com/mass-weight-d_589.html
https://www.engineeringtoolbox.com/mass-weight-d_589.html
https://ad.doubleclick.net/pcs/click?xai=AKAOjsvLJkehD01k_9s8GwvO_z8fCoj2_o7lL9f_-MtH5RabgaZknjK4OV9ltCJU8ihdf8i5RCpBV7bchxWgOyAcsdndefVRntVPgPoFqIab1KX5v85gMi3C3eVni-kfVnCt-EReB1RwiNIh6CarIa_1YpV6_vxiqlOGeOL0v9ZxrMYqERrroEb_sxFONW_yQE-ySMaft4KftjCa_CZnxuEW4oSupCkDGFrGvvJ5UCfjjLXdEclji-P2mb_RLaaaNmUDdn8yAuNpD_2DmhtkGdsli28xKBW680A0HKoAZGmCIgNLdZhLWydayDw0URW3gULebPG8ttSPAMms0JkVULe03hScIOwWkF4MAJUvDGKQuhniM7HDundPM6Y46EFgJztzVg8GJWAF6QK6Zme7zF0bAC8q9wGqsK3Qy01FNCwupIQPN2vJojsrP-59jRqoicTQD-jaj9-yBpaR_Sqpy3USUz3zrNt7UJrj6gmM_gElapIUX-TA_XjVtaxv4dyT0LXRg_jLS55Qbb4iydXp0RnkL5BEoEL7nWO_X1sUB9mWxyLsUO9eeTHqM742eGkuxsi_j2KxwZkiKRtfqq1_29GSBm50g87oeMlDDy30uCors5N5YQuLkWXlotSsERc5JzwjKtWk3gwnC7Nz4TgVszZBEoNVOb0Y3EiqOpTBKctXapvq1YKohUkwCPXaoz_y6xShYMHtjmb1Wx9Qga7YxxijgKN5EZ938JTIjYth3qyZI1scmlvREq2Gcvr9lGMkLU1M3QrCUQNh_YGzvy0gqAJ0vFQuVamf9rfFtS1gcew-tUHnNsk7kn4RkoNziAmrWy0A63T3of7wMzV0eU9G2vUYpWqzqM08bIdUWkrtRakGFaPHaFbxBOw--KiNsOBKi28lA0zNlFU2Z1c9hfI0U9xUdloDdogBF7nV9a37lYmWeIhoTQxYpYDfday7D6u2BGY41bjEZT639GdxhPIhu7_IutwOBD_8LKZNIg5ZbBvPxzCz6ONeAuqfQN4DPr-mz9t_gu_tqeii8axG-UOH8IeiT6uQKKimO1F8SZ-Yt7zjeO2idrd1jZBIglLb07H9-ZC1VhveeApWhfs1IsxNTslAUr5xovh2Lgls47WHrCUszjfR9MlhuUdl3rv-2JQNJiDUWhWRlfZafbHURwcaAvX4tT0rWt3i_Iy9oCVuqlixwOBK-dTtdyJFhqOs43o7WT_dAtThPslY3UevztBisPifkywnVvU7irSOwP2xk_8Cz5IbI7VrE8mjJxlSDSJRvCRr1ZdCU60uuNdMqltXJxBBbL1Xqwo9KRjqNJbAt6kOENb0PyjC8C_gktl9-F1H2ciyfyGEJ2k5Jwh61kzNZ5YJFQxtEWjKIs-AUXgxbKXHCj4N7qb5Fu-AZdeW2VEAWmdzq5CrggV9VI_ZVdwAm5DImsXrrcS0_WeQXVEKN_8bbX60bTFFKy6QMRYt4GdlmYTfByBWaSKSsQ&sai=AMfl-YSEgoSTe99VqIe-qaOQvAr-gP7EOeoQyU1J42AoFheFLI7SJ6x1NyaMVRCD3m1sUBJF3t7dg_UIKpOXHUfT7f-u0jni6Uf_J71W5eKZzDhLk__o_620MJ83RlW3O-l-sr56Ge_RdApgAttRAz62f-XwY7tDioqu7wZdqcUigPy3gDcUHvxt_SPIEe9jbxpWm1PUSGvupjcyIshKZwWKSf3GvFqwHtIrma-wHUjHhZM2CKSpS8SgQdOgVffguM2J7N9VS-2krjO88Q0IE1jYewi2sfxv0IC6-W-HalnZMlqVZs_vwzxo5Cv87-OP42RnmrSRjwjtHp1gaSocdw&sig=Cg0ArKJSzNUtC3B0fihs&fbs_aeid=%5Bgw_fbsaeid%5D&crd=aHR0cHM6Ly9sZWdvLmNvbQ&urlfix=1&adurl=https://www.lego.com/product/the-crafting-table-21265%3Fcmp%3Ddfa_32411731%3B9663855%3B403100129%3B221964027%3BSHOP%26dclid%3D%25edclid!
https://ad.doubleclick.net/pcs/click?xai=AKAOjsvLJkehD01k_9s8GwvO_z8fCoj2_o7lL9f_-MtH5RabgaZknjK4OV9ltCJU8ihdf8i5RCpBV7bchxWgOyAcsdndefVRntVPgPoFqIab1KX5v85gMi3C3eVni-kfVnCt-EReB1RwiNIh6CarIa_1YpV6_vxiqlOGeOL0v9ZxrMYqERrroEb_sxFONW_yQE-ySMaft4KftjCa_CZnxuEW4oSupCkDGFrGvvJ5UCfjjLXdEclji-P2mb_RLaaaNmUDdn8yAuNpD_2DmhtkGdsli28xKBW680A0HKoAZGmCIgNLdZhLWydayDw0URW3gULebPG8ttSPAMms0JkVULe03hScIOwWkF4MAJUvDGKQuhniM7HDundPM6Y46EFgJztzVg8GJWAF6QK6Zme7zF0bAC8q9wGqsK3Qy01FNCwupIQPN2vJojsrP-59jRqoicTQD-jaj9-yBpaR_Sqpy3USUz3zrNt7UJrj6gmM_gElapIUX-TA_XjVtaxv4dyT0LXRg_jLS55Qbb4iydXp0RnkL5BEoEL7nWO_X1sUB9mWxyLsUO9eeTHqM742eGkuxsi_j2KxwZkiKRtfqq1_29GSBm50g87oeMlDDy30uCors5N5YQuLkWXlotSsERc5JzwjKtWk3gwnC7Nz4TgVszZBEoNVOb0Y3EiqOpTBKctXapvq1YKohUkwCPXaoz_y6xShYMHtjmb1Wx9Qga7YxxijgKN5EZ938JTIjYth3qyZI1scmlvREq2Gcvr9lGMkLU1M3QrCUQNh_YGzvy0gqAJ0vFQuVamf9rfFtS1gcew-tUHnNsk7kn4RkoNziAmrWy0A63T3of7wMzV0eU9G2vUYpWqzqM08bIdUWkrtRakGFaPHaFbxBOw--KiNsOBKi28lA0zNlFU2Z1c9hfI0U9xUdloDdogBF7nV9a37lYmWeIhoTQxYpYDfday7D6u2BGY41bjEZT639GdxhPIhu7_IutwOBD_8LKZNIg5ZbBvPxzCz6ONeAuqfQN4DPr-mz9t_gu_tqeii8axG-UOH8IeiT6uQKKimO1F8SZ-Yt7zjeO2idrd1jZBIglLb07H9-ZC1VhveeApWhfs1IsxNTslAUr5xovh2Lgls47WHrCUszjfR9MlhuUdl3rv-2JQNJiDUWhWRlfZafbHURwcaAvX4tT0rWt3i_Iy9oCVuqlixwOBK-dTtdyJFhqOs43o7WT_dAtThPslY3UevztBisPifkywnVvU7irSOwP2xk_8Cz5IbI7VrE8mjJxlSDSJRvCRr1ZdCU60uuNdMqltXJxBBbL1Xqwo9KRjqNJbAt6kOENb0PyjC8C_gktl9-F1H2ciyfyGEJ2k5Jwh61kzNZ5YJFQxtEWjKIs-AUXgxbKXHCj4N7qb5Fu-AZdeW2VEAWmdzq5CrggV9VI_ZVdwAm5DImsXrrcS0_WeQXVEKN_8bbX60bTFFKy6QMRYt4GdlmYTfByBWaSKSsQ&sai=AMfl-YSEgoSTe99VqIe-qaOQvAr-gP7EOeoQyU1J42AoFheFLI7SJ6x1NyaMVRCD3m1sUBJF3t7dg_UIKpOXHUfT7f-u0jni6Uf_J71W5eKZzDhLk__o_620MJ83RlW3O-l-sr56Ge_RdApgAttRAz62f-XwY7tDioqu7wZdqcUigPy3gDcUHvxt_SPIEe9jbxpWm1PUSGvupjcyIshKZwWKSf3GvFqwHtIrma-wHUjHhZM2CKSpS8SgQdOgVffguM2J7N9VS-2krjO88Q0IE1jYewi2sfxv0IC6-W-HalnZMlqVZs_vwzxo5Cv87-OP42RnmrSRjwjtHp1gaSocdw&sig=Cg0ArKJSzNUtC3B0fihs&fbs_aeid=%5Bgw_fbsaeid%5D&crd=aHR0cHM6Ly9sZWdvLmNvbQ&urlfix=1&adurl=https://www.lego.com/product/the-crafting-table-21265%3Fcmp%3Ddfa_32411731%3B9663855%3B403100129%3B221964027%3BSHOP%26dclid%3D%25edclid!
https://ad.doubleclick.net/pcs/click?xai=AKAOjsvLJkehD01k_9s8GwvO_z8fCoj2_o7lL9f_-MtH5RabgaZknjK4OV9ltCJU8ihdf8i5RCpBV7bchxWgOyAcsdndefVRntVPgPoFqIab1KX5v85gMi3C3eVni-kfVnCt-EReB1RwiNIh6CarIa_1YpV6_vxiqlOGeOL0v9ZxrMYqERrroEb_sxFONW_yQE-ySMaft4KftjCa_CZnxuEW4oSupCkDGFrGvvJ5UCfjjLXdEclji-P2mb_RLaaaNmUDdn8yAuNpD_2DmhtkGdsli28xKBW680A0HKoAZGmCIgNLdZhLWydayDw0URW3gULebPG8ttSPAMms0JkVULe03hScIOwWkF4MAJUvDGKQuhniM7HDundPM6Y46EFgJztzVg8GJWAF6QK6Zme7zF0bAC8q9wGqsK3Qy01FNCwupIQPN2vJojsrP-59jRqoicTQD-jaj9-yBpaR_Sqpy3USUz3zrNt7UJrj6gmM_gElapIUX-TA_XjVtaxv4dyT0LXRg_jLS55Qbb4iydXp0RnkL5BEoEL7nWO_X1sUB9mWxyLsUO9eeTHqM742eGkuxsi_j2KxwZkiKRtfqq1_29GSBm50g87oeMlDDy30uCors5N5YQuLkWXlotSsERc5JzwjKtWk3gwnC7Nz4TgVszZBEoNVOb0Y3EiqOpTBKctXapvq1YKohUkwCPXaoz_y6xShYMHtjmb1Wx9Qga7YxxijgKN5EZ938JTIjYth3qyZI1scmlvREq2Gcvr9lGMkLU1M3QrCUQNh_YGzvy0gqAJ0vFQuVamf9rfFtS1gcew-tUHnNsk7kn4RkoNziAmrWy0A63T3of7wMzV0eU9G2vUYpWqzqM08bIdUWkrtRakGFaPHaFbxBOw--KiNsOBKi28lA0zNlFU2Z1c9hfI0U9xUdloDdogBF7nV9a37lYmWeIhoTQxYpYDfday7D6u2BGY41bjEZT639GdxhPIhu7_IutwOBD_8LKZNIg5ZbBvPxzCz6ONeAuqfQN4DPr-mz9t_gu_tqeii8axG-UOH8IeiT6uQKKimO1F8SZ-Yt7zjeO2idrd1jZBIglLb07H9-ZC1VhveeApWhfs1IsxNTslAUr5xovh2Lgls47WHrCUszjfR9MlhuUdl3rv-2JQNJiDUWhWRlfZafbHURwcaAvX4tT0rWt3i_Iy9oCVuqlixwOBK-dTtdyJFhqOs43o7WT_dAtThPslY3UevztBisPifkywnVvU7irSOwP2xk_8Cz5IbI7VrE8mjJxlSDSJRvCRr1ZdCU60uuNdMqltXJxBBbL1Xqwo9KRjqNJbAt6kOENb0PyjC8C_gktl9-F1H2ciyfyGEJ2k5Jwh61kzNZ5YJFQxtEWjKIs-AUXgxbKXHCj4N7qb5Fu-AZdeW2VEAWmdzq5CrggV9VI_ZVdwAm5DImsXrrcS0_WeQXVEKN_8bbX60bTFFKy6QMRYt4GdlmYTfByBWaSKSsQ&sai=AMfl-YSEgoSTe99VqIe-qaOQvAr-gP7EOeoQyU1J42AoFheFLI7SJ6x1NyaMVRCD3m1sUBJF3t7dg_UIKpOXHUfT7f-u0jni6Uf_J71W5eKZzDhLk__o_620MJ83RlW3O-l-sr56Ge_RdApgAttRAz62f-XwY7tDioqu7wZdqcUigPy3gDcUHvxt_SPIEe9jbxpWm1PUSGvupjcyIshKZwWKSf3GvFqwHtIrma-wHUjHhZM2CKSpS8SgQdOgVffguM2J7N9VS-2krjO88Q0IE1jYewi2sfxv0IC6-W-HalnZMlqVZs_vwzxo5Cv87-OP42RnmrSRjwjtHp1gaSocdw&sig=Cg0ArKJSzNUtC3B0fihs&fbs_aeid=%5Bgw_fbsaeid%5D&crd=aHR0cHM6Ly9sZWdvLmNvbQ&urlfix=1&adurl=https://www.lego.com/product/the-crafting-table-21265%3Fcmp%3Ddfa_32411731%3B9663855%3B403100129%3B221964027%3BSHOP%26dclid%3D%25edclid!
https://ad.doubleclick.net/pcs/click?xai=AKAOjsvLJkehD01k_9s8GwvO_z8fCoj2_o7lL9f_-MtH5RabgaZknjK4OV9ltCJU8ihdf8i5RCpBV7bchxWgOyAcsdndefVRntVPgPoFqIab1KX5v85gMi3C3eVni-kfVnCt-EReB1RwiNIh6CarIa_1YpV6_vxiqlOGeOL0v9ZxrMYqERrroEb_sxFONW_yQE-ySMaft4KftjCa_CZnxuEW4oSupCkDGFrGvvJ5UCfjjLXdEclji-P2mb_RLaaaNmUDdn8yAuNpD_2DmhtkGdsli28xKBW680A0HKoAZGmCIgNLdZhLWydayDw0URW3gULebPG8ttSPAMms0JkVULe03hScIOwWkF4MAJUvDGKQuhniM7HDundPM6Y46EFgJztzVg8GJWAF6QK6Zme7zF0bAC8q9wGqsK3Qy01FNCwupIQPN2vJojsrP-59jRqoicTQD-jaj9-yBpaR_Sqpy3USUz3zrNt7UJrj6gmM_gElapIUX-TA_XjVtaxv4dyT0LXRg_jLS55Qbb4iydXp0RnkL5BEoEL7nWO_X1sUB9mWxyLsUO9eeTHqM742eGkuxsi_j2KxwZkiKRtfqq1_29GSBm50g87oeMlDDy30uCors5N5YQuLkWXlotSsERc5JzwjKtWk3gwnC7Nz4TgVszZBEoNVOb0Y3EiqOpTBKctXapvq1YKohUkwCPXaoz_y6xShYMHtjmb1Wx9Qga7YxxijgKN5EZ938JTIjYth3qyZI1scmlvREq2Gcvr9lGMkLU1M3QrCUQNh_YGzvy0gqAJ0vFQuVamf9rfFtS1gcew-tUHnNsk7kn4RkoNziAmrWy0A63T3of7wMzV0eU9G2vUYpWqzqM08bIdUWkrtRakGFaPHaFbxBOw--KiNsOBKi28lA0zNlFU2Z1c9hfI0U9xUdloDdogBF7nV9a37lYmWeIhoTQxYpYDfday7D6u2BGY41bjEZT639GdxhPIhu7_IutwOBD_8LKZNIg5ZbBvPxzCz6ONeAuqfQN4DPr-mz9t_gu_tqeii8axG-UOH8IeiT6uQKKimO1F8SZ-Yt7zjeO2idrd1jZBIglLb07H9-ZC1VhveeApWhfs1IsxNTslAUr5xovh2Lgls47WHrCUszjfR9MlhuUdl3rv-2JQNJiDUWhWRlfZafbHURwcaAvX4tT0rWt3i_Iy9oCVuqlixwOBK-dTtdyJFhqOs43o7WT_dAtThPslY3UevztBisPifkywnVvU7irSOwP2xk_8Cz5IbI7VrE8mjJxlSDSJRvCRr1ZdCU60uuNdMqltXJxBBbL1Xqwo9KRjqNJbAt6kOENb0PyjC8C_gktl9-F1H2ciyfyGEJ2k5Jwh61kzNZ5YJFQxtEWjKIs-AUXgxbKXHCj4N7qb5Fu-AZdeW2VEAWmdzq5CrggV9VI_ZVdwAm5DImsXrrcS0_WeQXVEKN_8bbX60bTFFKy6QMRYt4GdlmYTfByBWaSKSsQ&sai=AMfl-YSEgoSTe99VqIe-qaOQvAr-gP7EOeoQyU1J42AoFheFLI7SJ6x1NyaMVRCD3m1sUBJF3t7dg_UIKpOXHUfT7f-u0jni6Uf_J71W5eKZzDhLk__o_620MJ83RlW3O-l-sr56Ge_RdApgAttRAz62f-XwY7tDioqu7wZdqcUigPy3gDcUHvxt_SPIEe9jbxpWm1PUSGvupjcyIshKZwWKSf3GvFqwHtIrma-wHUjHhZM2CKSpS8SgQdOgVffguM2J7N9VS-2krjO88Q0IE1jYewi2sfxv0IC6-W-HalnZMlqVZs_vwzxo5Cv87-OP42RnmrSRjwjtHp1gaSocdw&sig=Cg0ArKJSzNUtC3B0fihs&fbs_aeid=%5Bgw_fbsaeid%5D&crd=aHR0cHM6Ly9sZWdvLmNvbQ&urlfix=1&adurl=https://www.lego.com/product/the-crafting-table-21265%3Fcmp%3Ddfa_32411731%3B9663855%3B403100129%3B221964027%3BSHOP%26dclid%3D%25edclid!


Cast Iron Cast Iron Clean and Dry 0.15

Cast Iron Cast Iron Grease 0.07

Cast Iron Oak Clean and Dry 0.49

Cast Iron Oak Grease 0.075

Cast iron Steel Clean and Dry 0.4

Cast iron Steel Clean and Dry 0.23

Cast iron Steel Grease 0.21 0.133

Car tire Asphalt Clean and Dry 0.72

Car tire Grass Clean and Dry 0.35

Carbon (hard) Carbon Clean and Dry 0.16

Carbon (hard) Carbon Grease 0.12 - 0.14

Carbon Steel Clean and Dry 0.14

Carbon Steel Grease 0.11 - 0.14

Chromium Chromium Clean and Dry 0.41

Chromium Chromium Grease 0.34

Copper-Lead alloy Steel Clean and Dry 0.22

Copper Copper Clean and Dry 1.6

Copper Copper Grease 0.08

Copper Cast Iron Clean and Dry 1.05 0.29

Copper Steel Clean and Dry 0.53 0.36

Copper Steel Grease 0.18

Copper Steel Oleic acid 0.18

Copper Glass Clean and Dry 0.68 0.53

Cotton Cotton Threads 0.3

Diamond Diamond Clean and Dry 0.1

Diamond Diamond Grease 0.05 - 0.1

Diamond Metals Clean and Dry 0.1 - 0.15

Diamond Metal Grease 0.1

Garnet Steel Clean and Dry 0.39

Glass Glass Clean and Dry 0.9 - 1.0 0.4

Glass Glass Grease 0.1 - 0.6 0.09 - 0.12

Glass Metal Clean and Dry 0.5 - 0.7

Glass Metal Grease 0.2 - 0.3

Glass Nickel Clean and Dry 0.78

Glass Nickel Grease 0.56

Graphite Steel Clean and Dry 0.1
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Graphite Steel Grease 0.1

Graphite Graphite (in vacuum) Clean and Dry 0.5 - 0.8

Graphite Graphite Clean and Dry 0.1

Graphite Graphite Grease 0.1

Hemp rope Timber Clean and Dry 0.5

Horseshoe Rubber Clean and Dry 0.68

Horseshoe Concrete Clean and Dry 0.58

Ice Ice Clean 0oC 0.1 0.02

Ice Ice Clean -12oC 0.3 0.035

Ice Ice Clean -80oC 0.5 0.09

Ice Wood Clean and Dry 0.05

Ice Steel Clean and Dry 0.03

Iron Iron Clean and Dry 1.0

Iron Iron Grease 0.15 - 0.20

Lead Cast Iron Clean and Dry 0.43

Leather Oak Parallel to grain 0.61 0.52

Leather Metal Clean and Dry 0.4

Leather Metal Grease 0.2

Leather Wood Clean and Dry 0.3 - 0.4

Leather Clean Metal Clean and Dry 0.6

Leather Cast Iron Clean and Dry 0.6 0.56

Leather fiber  Cast iron Clean and Dry 0.31

Leather fiber Aluminum Clean and Dry 0.30

Magnesium Magnesium Clean and Dry 0.6

Magnesium Magnesium Grease 0.08

Magnesium Steel Clean and Dry 0.42

Magnesium Cast Iron Clean and Dry 0.25

Masonry Brick Clean and Dry 0.6 - 0.7

Mica Mica Freshly cleaved 1.0

Nickel Nickel Clean and Dry 0.7 - 1.1 0.53

Nickel Nickel Grease 0.28 0.12

Nickel Mild Steel Clean and Dry 0.64

Nickel Mild Steel Grease 0.178

Nylon Nylon Clean and Dry 0.15 - 0.25

Nylon Steel Clean and Dry 0.4
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Nylon Snow Wet 0oC 0.4

Nylon Snow Dry -10oC 0.3

Oak Oak (parallel grain) Clean and Dry 0.62 0.48

Oak Oak (cross grain) Clean and Dry 0.54 0.32

Oak Oak (cross grain) Grease 0.072

Paper Cast Iron Clean and Dry 0.20

Phosphor-bronze Steel Clean and Dry 0.35

Platinum Platinum Clean and Dry 1.2

Platinum Platinum Grease 0.25

Plexiglas Plexiglas Clean and Dry 0.8

Plexiglas Plexiglas Grease 0.8

Plexiglas Steel Clean and Dry 0.4 - 0.5

Plexiglas Steel Grease 0.4 - 0.5

Polystyrene Polystyrene Clean and Dry 0.5

Polystyrene Polystyrene Grease 0.5

Polystyrene Steel Clean and Dry 0.3 - 0.35

Polystyrene Steel Grease 0.3 - 0.35

Polyethylene Polytehylene Clean and Dry 0.2

Polyethylene Steel Clean and Dry 0.2

Polyethylene Steel Grease 0.2

Rubber Rubber Clean and Dry 1.16

Rubber Cardboard Clean and Dry 0.5 - 0.8

Rubber Dry Asphalt Clean and Dry 0.9 0.5 - 0.8

Rubber Wet Asphalt Clean and Dry 0.25 - 0.75

Rubber Dry Concrete Clean and Dry 0.6 - 0.85

Rubber Wet Concrete Clean and Dry 0.45 - 0.75

Silk Silk Clean 0.25

Silver Silver Clean and Dry 1.4

Silver Silver Grease 0.55

Sapphire Sapphire Clean and Dry 0.2

Sapphire Sapphire Grease 0.2

Silver Silver Clean and Dry 1.4

Silver Silver Grease 0.55

Skin Metals Clean and Dry 0.8 - 1.0

Steel Steel Clean and Dry 0.5 - 0.8 0.42
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Steel Steel Grease 0.16

Steel Steel Castor oil 0.15 0.081

Steel Steel Stearic Acid 0.15

Steel Steel Light mineral oil 0.23

Steel Steel Lard 0.11 0.084

Steel Steel Graphite 0.058

Steel Graphite Clean and Dry 0.21

Straw Fiber Cast Iron Clean and Dry 0.26

Straw Fiber  Aluminum Clean and Dry 0.27

Tarred fiber Cast Iron Clean and Dry 0.15

Tarred fiber Aluminum Clean and Dry 0.18

Polytetrafluoroethylene
(PTFE) (Teflon)

Polytetrafluoroethylene
(PTFE)

Clean and Dry 0.04 0.04

Polytetrafluoroethylene
(PTFE)

Polytetrafluoroethylene
(PTFE)

Grease 0.04

Polytetrafluoroethylene
(PTFE)

Steel Clean and Dry 0.05 - 0.2

Polytetrafluoroethylene
(PTFE)

Snow Wet 0oC 0.05

Polytetrafluoroethylene
(PTFE)

Snow Dry 0oC 0.02

Tungsten Carbide Steel Clean and Dry 0.4 - 0.6

Tungsten Carbide Steel Grease 0.1 - 0.2

Tungsten Carbide Tungsten Carbide Clean and Dry 0.2 - 0.25

Tungsten Carbide Tungsten Carbide Grease 0.12

Tungsten Carbide Copper Clean and Dry 0.35

Tungsten Carbide Iron Clean and Dry 0.8

Tin Cast Iron Clean and Dry 0.32

Tire, dry Road, dry Clean and Dry 1

Tire, wet Road, wet Clean and Dry 0.2

Wax, ski Snow Wet 0oC 0.1

Wax, ski Snow Dry 0oC 0.04

Wax, ski Snow Dry -10oC 0.2

Wood Clean Wood Clean and Dry 0.25 - 0.5

Wood Wet Wood Clean and Dry 0.2

Wood Clean Metal Clean and Dry 0.2 - 0.6

Wood Wet Metals Clean and Dry 0.2
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Wood Stone Clean and Dry 0.2 - 0.4

Wood Concrete Clean and Dry 0.62

Wood Brick Clean and Dry 0.6

Wood - waxed Wet snow Clean and Dry 0.14 0.1

Wood - waxed Dry snow Clean and Dry 0.04

Zinc Cast Iron Clean and Dry 0.85 0.21

Zinc Zinc Clean and Dry 0.6

Zinc Zinc Grease 0.04

Kinetic or sliding frictional coefficient only when there is a relative motion between the surfaces.

Note! It is commonly thought that the static coefficients of friction are higher than the dynamic or
kinetic values. This is a very simplistic statement and quite misleading for brake materials. With many
brake materials the dynamic coefficient of friction quoted is an "average" value when the material is
subject to a range of sliding speeds, surface pressures and most importantly operating temperatures.
If the static situation is considered at the same pressure, but at ambient temperature, then the static
coefficient of friction is often significantly LOWER than the average quoted dynamic value. It can be as
low as 40 - 50% of the quoted dynamic value.

ADVERTISEMENT

Kinetic (Sliding) versus Static Frictional Coefficients

Kinetic or sliding frictional coefficients are used with relative motion between objects. Static frictional
coefficients are used for objects without relative motion. Note that static coefficients are somewhat
higher than the kinetic or sliding coefficients. More force are required to start a motion

Example - Friction Force

Materials and Material Combinations Surface Conditions,
Lubricant

Frictional Coefficient

Static
- μstatic -

Kinetic (sliding)
- μsliding -

Materials and Material Combinations Surface Conditions,
Frictional Coefficient

St ti Ki ti ( lidi )
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A 100 lb wooden crate is pushed across a concrete floor. The friction coefficient between the object
and the surface is 0.62. The friction force can be calculated as

Ff = 0.62 (100 lb)

   = 62 (lb)

1 lb = 0.4536 kg

Example - Car, Braking, Friction Force and Required Distance to Stop

A car with mass 2000 kg drives with speed 100 km/h on a wet road with friction coefficient 0.2.

Note! - The friction work required to stop the car is equal to the kinetic energy of the car. 

The kinetic energy of the car is

Ekinetic = 1/2 m v2                           (4)

where

Ekinetic = kinetic energy of the moving car (J)

m = mass (kg)

v = velocity (m/s)

Ekinetic = 1/2 (2000 kg) ((100 km/h) (1000 m/km) / (3600 s/h))2

  =  771605 J

The friction work (energy) to stop the car can be expressed as

Wfriction = Ff d                                (5)

where

Wfriction = friction work to stop the car (J)

Ff = friction force (N)

d = braking (stopping) distance (m)

Since the kinetic energy of the car is converted to friction energy (work) - we have the expression
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Ekinetic = Wfriction                              (6)

The friction force Ff can be calculated from (3)  

Ff = μ m g

   = 0.2 (2000 kg) (9.81 m/s2)

   = 3924 N

The stop distance for the car can be calculated by modifying (5) to

d = Wfriction / Ff

  = (771605 J) / (3924 N)

  = 197 m

Note! - since the mass of the car is present on both sides of eq. 6 it cancels out. The stop distance is
not dependent on the mass of the car.

"Laws of Friction"
Unlubricated Dry Surfaces

1. for low pressure the friction is proportional to the normal force between the surfaces. With rising
pressure the friction will not rise proportionally. With extreme pressure friction will rise and
surfaces seize.

2. at moderate pressure the friction force - and coefficient - is not dependent of the surface areas in
contact as long as the normal force is the same. With extreme pressure friction will rice and
surfaces seize.

3. at very low velocity between the surfaces the friction is independent of the velocity of rubbing.
With increased velocity the the friction decrease.

Lubricated Surfaces

1. friction force is almost independent of pressure - normal force - if the surfaces are flooded with
lubricant

2. friction varies with speed at low pressure. At higher pressure the minimum friction is at velocity 2
ft/s (0.7 m/s) and friction increases with approximately square root of velocity afterwards.

3. friction varies with temperature
4. for well lubricated surfaces the friction is almost independent of surface material

Typically steel on steel dry static friction coefficient 0.8 drops to 0.4 when sliding is initiated - and steel
on steel lubricated static friction coefficient 0.16 drops to 0.04 when sliding is initiated.
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Weight
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Flow
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 m3/h
 US gpm
 cfm
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