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연성의 원리(the principle of compliance)

 강성(stiffness)과 연성(compliance) 

 연성의 원리

 연성의 원리 적용 예
 연성 최소화와 단면(cross section) 이용률

 역선(length of the line of force)의 최소화

 예압에 의한 연성의 최소화

제 6 장 수업내용
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No Abbe Error?

Precision Engineering
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Stiffness vs Compliance

Precision Engineering
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강성(stiffness)과 연성(compliance)

정적강성(static stiffness) vs동적강성(dynamic stiffness)

vs 

PLAY? 단순계산으로도 2배!!!
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강성(stiffness)과 연성(compliance)

강성(k)의정의

 k = F(힘)/d(변형)   d = (1/k)·F ; 시스템의입출력관점에서의함수식

 강성을 지배하는 인자
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강성(stiffness)과 연성(compliance)

정적강성(static stiffness)

 각 구성요소 및 접합부의 정적강성을 직렬 결합한 결과

 정적강성이 낮은 부분의 특성이 전체적인 정적강성을 좌우

 기계 각부의 정적강성의 크기를 균등히 배분하는 것이 필요

동적강성(dynamic stiffness)

 동적인 강성은 변동하는 외력(외란진동, 요소의 불평등에 의한
진동, 절삭프로세스로부터 오는 진동 등)에 주파수응답

 1 자유도계의 진동계라고 생각하면 공진진폭 A는

 공진 시의 변형량 : 정적 변형량의 수 배~수십 배
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강성(stiffness)과 연성(compliance)

연성(c)의정의

입력은 F, 출력은 δ로전달함수가강성의역수형태

설계시스템에사용하는개념으로는적당하지않다.

 δ = (1/k)· F ⇒ δ = c·F

굽힘연성과비틀림연성

 굽힘연성(bending compliance): cb ∝ 1/EI

 비틀림연성(torsional compliance) : ct ∝ 1/GIp

Max.

B.M.?
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Remind Tensile Test!!

Precision Engineering
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Kinematics & Compliance

Precision Engineering
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연성의 원리(Principle of Compliance) 

“고정도의 기계를 실현하기 위해서는

연성(compliance)을 가능한 한

작게 하는 것이 좋다.”

• 영률/전단탄성률이 큰 재료 사용

• 단면이용률 향상

• 역선의 최소화

• 예압
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연성 최소화와 단면이용률

연성감소대책 : 탄성계수(E) 또는전단탄성률(G)가큰재료사용

 취성(Brittlness)이 강한 재료는 충격에 약하므로 사용에 제한

 연성이 작더라도 동적으로 불안정한(감쇄계수가 작은) 경우 사용 제
한

 복합재료의 사용이 적합한 경우가 많다.

에폭시-그라나이트, 레진 콘크리이트, 충진재, 접합재 등

 재료의 변경은 가격, 가공 및 목적하는 특성의 상승에 비하여 다른 특
성의 약화를 가져오기 쉬우므로 신중하게 선택

http://upload.wikimedia.org/wikipedia/commons/0/09/Glass_fracture.jpg
http://upload.wikimedia.org/wikipedia/commons/0/09/Glass_fracture.jpg
http://upload.wikimedia.org/wikipedia/commons/4/4a/Mass-Spring-Damper.png
http://upload.wikimedia.org/wikipedia/commons/4/4a/Mass-Spring-Damper.png
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상용재료의 영률, 전단탄성률

http://upload.wikimedia.org/wikipedia/commons/e/e9/Shear_scherung.jpg
http://upload.wikimedia.org/wikipedia/commons/e/e9/Shear_scherung.jpg
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연성 최소화와 단면이용률

연성감소대책 : 단면의이용률을향상시킨다

형상 증가⇒연성 감소 ⇒부재 하중의 증가(변형, 비용, 조립문제)

단면적은 감소하면서 I, Ip의 증가를 도모할 필요성

단면 2차 모멘트(2nd moment of area): I

단면극관성모멘트(polar moment of inertia of cross-sectional area): Ip
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연성 최소화와 단면이용률

연성감소대책 : “Rib의사용을통한단면이용률의증대”

경사진 rib를 사용할 경우 효과적

⇒비틀림하중은 rib부에서 굽힘하중으로 변환

⇒극관성 모멘트의 향상 효과

http://upload.wikimedia.org/wikipedia/commons/8/88/Gray112.png
http://upload.wikimedia.org/wikipedia/commons/8/88/Gray112.png
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연성의 최소화와 역선의 최소화

연성감소대책 : “역선의최소화”

역선의 길이가 짧으면 굽힘변형이 작게 되는 경우가 일반적

역선의 길이가 길면 역선의 경로를 이루는 요소들의 변형이 누적

⇒전체 변형이 증가

역선은 짧게, 역선 내의 요소들의 연성은 가능한 한 작게 설계
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연성 최소화와 예압

Precision Engineering

//upload.wikimedia.org/wikipedia/commons/1/18/Bolted_joint_spring_analogy.svg
//upload.wikimedia.org/wikipedia/commons/1/18/Bolted_joint_spring_analogy.svg
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연성 최소화와 예압

연성감소대책 : “예압의부여”

구름안내의경우양방향에서예압량부여

⇒예압량 x0의부여

외력에의하여 x 만큼변형된다면

상당연성 c는 x만큼변형하였으므로

⇒연성이반으로감소

예압을줄경우하중을지지하는

볼의개수증가로수명연장의효과
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베어링 예압의 효과

Precision Engineering

Radial

Thrust

This new Pinto bearing spacer will make a great addition to our existing Wide 5 and 5x5 bearing pre-load spacers. The new pre-lo

Duplex

http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjPnvWe9aXUAhWCVLwKHewQDrYQjRwIBw&url=http%3A%2F%2Fwww.brighthubengineering.com%2Fmachine-design%2F20108-duplex-bearings-tandem-arrangement%2F&psig=AFQjCNGVVnxiMJMBphyy0rHdWYxBWUKSUA&ust=1496724890658565
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjPnvWe9aXUAhWCVLwKHewQDrYQjRwIBw&url=http%3A%2F%2Fwww.brighthubengineering.com%2Fmachine-design%2F20108-duplex-bearings-tandem-arrangement%2F&psig=AFQjCNGVVnxiMJMBphyy0rHdWYxBWUKSUA&ust=1496724890658565
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjPnvWe9aXUAhWCVLwKHewQDrYQjRwIBw&url=http%3A%2F%2Fwww.brighthubengineering.com%2Fmachine-design%2F19758-duplex-bearings-face-to-face-arrangement%2F&psig=AFQjCNGVVnxiMJMBphyy0rHdWYxBWUKSUA&ust=1496724890658565
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjPnvWe9aXUAhWCVLwKHewQDrYQjRwIBw&url=http%3A%2F%2Fwww.brighthubengineering.com%2Fmachine-design%2F19758-duplex-bearings-face-to-face-arrangement%2F&psig=AFQjCNGVVnxiMJMBphyy0rHdWYxBWUKSUA&ust=1496724890658565
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjPnvWe9aXUAhWCVLwKHewQDrYQjRwIBw&url=http%3A%2F%2Fwww.brighthubengineering.com%2Fmachine-design%2F19757-duplex-bearings-back-to-back-arrangement%2F&psig=AFQjCNGVVnxiMJMBphyy0rHdWYxBWUKSUA&ust=1496724890658565
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjPnvWe9aXUAhWCVLwKHewQDrYQjRwIBw&url=http%3A%2F%2Fwww.brighthubengineering.com%2Fmachine-design%2F19757-duplex-bearings-back-to-back-arrangement%2F&psig=AFQjCNGVVnxiMJMBphyy0rHdWYxBWUKSUA&ust=1496724890658565
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베어링 예압의 효과

Precision Engineering

This new Pinto bearing spacer will make a great addition to our existing Wide 5 and 5x5 bearing pre-load spacers. The new pre-lo
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Zero compliance realization

Precision Engineering

Basic model of suspension with a VCM



Kangwon national University Department of MEMS

Prof. B. H. Kim Precision Engineering

The end of Ch. 8
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버어니어 캘리퍼스 읽는법

 Zero mark is between 27 and 28 mm

 Look along the graduated scale to two marks that line up 

(become collinear)

 Read from ‘outside’ scale - 0.60

 Reading is 27+0.60 = 27.60mm
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마이크로 미터 읽는법

 Read the total sleeve marks : 8 

 0.5mm X 8 = 4mm

 Read the thimble’s mark that lines up with the sleeve line : 15

 0.01mm (=1/100) X 15 = 0.15mm

 Reading is 4+0.15 = 4.15mm

Sleeve

Thimble
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상용재료의 영률, 전단탄성률

http://upload.wikimedia.org/wikipedia/commons/e/e9/Shear_scherung.jpg
http://upload.wikimedia.org/wikipedia/commons/e/e9/Shear_scherung.jpg
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Epoxy-granite (polymer concrete)

Mixing Procedure

•Epoxy granite can replace cast iron and steel for superior

vibration damping, better performance, longer tool life and lower

assembly cost.

Casted Slider

http://upload.wikimedia.org/wikipedia/en/8/89/Mineral_casting.jpg
http://upload.wikimedia.org/wikipedia/en/8/89/Mineral_casting.jpg
http://upload.wikimedia.org/wikipedia/en/7/77/Aggregate.jpg
http://upload.wikimedia.org/wikipedia/en/7/77/Aggregate.jpg
http://upload.wikimedia.org/wikipedia/en/3/3d/Mixing_1.jpg
http://upload.wikimedia.org/wikipedia/en/3/3d/Mixing_1.jpg
http://upload.wikimedia.org/wikipedia/en/b/b9/Mixing_2.jpg
http://upload.wikimedia.org/wikipedia/en/b/b9/Mixing_2.jpg
http://upload.wikimedia.org/wikipedia/en/6/65/Mixing_4.jpg
http://upload.wikimedia.org/wikipedia/en/6/65/Mixing_4.jpg
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단면 2차 모멘트(2nd moment of area, 
area moment of inertia, 2nd moment of inertia)

• A property of a shape that is used to predict its

resistance to bending and deflection.

• It is not the same thing as the moment of inertia,

which is used to calculate angular acceleration.

http://upload.wikimedia.org/wikipedia/en/f/fd/IBeam2ndMomArea2.jpg
http://upload.wikimedia.org/wikipedia/en/f/fd/IBeam2ndMomArea2.jpg
http://upload.wikimedia.org/wikipedia/en/a/ae/IBeam2ndMomArea1.jpg
http://upload.wikimedia.org/wikipedia/en/a/ae/IBeam2ndMomArea1.jpg
http://upload.wikimedia.org/wikipedia/en/0/07/IBeam2ndMomArea3.jpg
http://upload.wikimedia.org/wikipedia/en/0/07/IBeam2ndMomArea3.jpg
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단면 극관성 모멘트(Polar moment of inertia)

• A quantity used to predict an object's ability to

resist torsion.

• It is not the same thing as the moment of inertia,

which is used to calculate angular acceleration.

http://en.wikipedia.org/wiki/Image:Dampfturbine_Laeufer01.jpg
http://en.wikipedia.org/wiki/Image:Dampfturbine_Laeufer01.jpg
http://upload.wikimedia.org/wikipedia/commons/d/dc/PolarMomentOfInertia.jpg
http://upload.wikimedia.org/wikipedia/commons/d/dc/PolarMomentOfInertia.jpg
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리브에 의한 단면이용률 향상

Ip = bc3/3 + hd3/3 Ip = bc3/3 + h3d/3


