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FULLY COMPLIANT MECHANISMS
No rigid-body joints

ALL Members undergo elastic
deformation

PARTIALLY COMPLIANT MECHANISMS
SOME rigid-body joints
SOME Members undergo elastic
deformation

CONTACT-AIDED

COMPLIANT MECHANISMS
No rigid-body joints

ALL Members undergo elastic

ons/amidha.PNG

-« N Midha deformation

Pseudo joints at contact sites
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HOW DO WE CONCEIVE (DESIGN) COMPLIANT MECHANISMS

(Large Deformation)

Rigid-body replacement
(PRBM)

Structural Optimization

Function and Advantages

Force, Motion and / or Energy Transfer

Function, Path and Motion Generation

Repeatability

Disadvantages (Would we now witness)

Great Deal of Web material
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CAN BE DESIGNED
FOR INFINITE LIFE

Ensure .ow Stresses

DESIGN ASPECTS

ANATOMY
Topology
Shape
Size
MATERIAL

Elastic modulus

Poisson’s ratio

COMPLIANT MECHs.

APPLICATIONS ...

Aerospace/Automotive
Sensing, Actuation, Grasp, Manipulation
Biomedical/Healthcare
Orthotic/Prosthetic devices
Robotics
Soft/Medical
Miniature Scales
Micro/Nano Electro Mechanical Systems
Space
Foldable / Deployable mechanisms
Product Design
Special Purpose Mechanisms
Statically balanced mechanisms
Bistability
Constant I/ O force mechanisms
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MATERIAL ?

Proof of Concept EGs.

ADDITIVE
MANUFACTURING

ABS

Thermoplastic (recyclable)
Petroleum

6000 grades available
Non-biodegradable (500 y)

Polycarbonate
recyclable

Some non-biodegradable

(Acrylonitrile butadiene styrene)|

APPLICATIONS ...

Aerospace/Automotive
Sensing, Actuation, Grasp, Manipulation
Biomedical/Healthcare
Orthotic/Prosthetic devices
Robotics
Soft/Medical
Miniature Scales
Micro/Nano Electro Mechanical Systems
Space
Foldable / Deployable mechanisms
Product Design
Special Purpose Mechanisms
Statically balanced mechanisms
Bistability
Constant I/ O force mechanisms
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Better Designer

Man or Nature

15th September, 2000
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Better Designer

Man or Nature

biogeochemical cycles

Biotie Abiotic

Water | |Oxygen || Nitrogen
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Phosphorus cycle

sulfates in the

\ 3 Ha x - : phosphate aurosphere |
8 . 3 = 5
i i 4 ;ﬁ' . = aplake by A
‘-‘l’-’ phosphate olants \
' extraction P J dry depositicn
from mines TE wiat depasitior
\ (afartlhzer ‘acid rain, snow)
A =
runafl in rivers uplake /
& anc streams by plents /
grosion from -) /
phosphate rocks uptake by organ "\
algas and other AL HTO
- TN dissolved pholosynthetic depositicn
phesphates organisms
smeltlng and_-~- N
- - lr burningof . = i
uptake by fossil fuels
ogml;: deetom:oslﬁm Croanic decompuosition <= gguatic anc | X T %d'me"tm"?n ;i Yy
{animal waste, eca'ymg {animal wasta, dacaying marnaanimals . <7 T ' d of sulfates i

plants and animals) plants and animals) o o e L, Mnglmac?s Lkt \ and sulﬂdgg,.“') 7

— arlro sedlmemat cn

€1 20N 2 bncyclopaadia Britannica, .

https:/ / www.britannica.com/

- brozptens U0s .

e I\ \\ \

somibies ar
agzimliation
com austicn of by slent; ard

fess| fusis

assimilation
Ey pwloglackicn

https:/ /www.britannica.com/science / carbon-cycle

sulfates in water

https:/ / www.britannica.com/

Nature works on
Zero-Waste
Principle

Better Designer

Man or Nature

biogeochemical cycles

Phosphorous| | | Biotic | | [ Abiotic

Water

Oxygen Carbon

Nitrogen
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Tail Lights Cabin Air Filter
Check Engine Light On
Wiper Blades
Power Steering Fluid
=~ Engine
' Spark Plugs
Belts Windshield
£ Washer
< » Lights
> ~ e ‘;4 2 ™ \\1\
; -‘\ _x </ % > ‘\t{\ A - & § 77/-'_ ;‘7
Cleaning and Polishiy/.' : > v/
R — : ‘ /

Fuel Filter
Exhaust System

Chassis Lubrication e : - >
Suspension | E : — _A Hoses
Brakes Oxygen Sensor
Tire Inflation and Condition \ Check Engine Light On
Battery and Cables / Engine Oil Filter
Engine Oil Filter | Coolant (Antifreeze)

Automatic Transmission Fluid

https:/ / www.pinterest.de/ pin/651685008556791265 /

O

Human
as a DESIGNER

To travel from a place to another
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O

Human
as a DESIGNER

— R Comfort Speed Safety

Check Engine Light On

Wiper Blades . - . . I
Pewer Staniog i Cost Effective Automation Efficiency
Spark Plugs
Belts Windshield
£ Washer . . . :
: | S/ Night drive Long distance drive
SN s e, Lights
.\'. ) — - | . 2 X . ‘ / LA
Cleaning and Polishi;) N ‘ 4&?- "f/
X — {
Fuel Filter 2 :
Exhaust System ) 1=
Chassis Lubrication A : - = '
Suspension _ . — Hoses
Brakes Oxygen Sensor
Tire Inflation and Condition Check Engine Light On
Battery and Cables Engine Oil Filter
Engine Oil Filter | Coolant (Antifreeze)

Automatic Transmission Fluid

https:/ / www.pinterest.de/ pin/651685008556791265 /
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Hatchback Car

P 0 FORM pl
ﬁ A INTUITIVE (PAPER-PEN)
o | - Human

as a DESIGNER

Pt Up Vet Co ——— p—— m CANDIDATE
https:/ / engineeringlearn.com / top-9-ty pes-of-cars-with-pictures-names-complete-details / D E SI GN
Tail Lights Cabin Air Filter Co meTt Spee d S afe ty
Check Engine Light On
- Wiper Blades . . o e
B el Pewer maing £l Cost Effective Automation Efficiency

Engine

Spark Plugs
Belts Windshield OPTIM
£ ‘ Washer . . . .
g% 2 ) Night drive Long distance drive
e : Lights
& . . j, \
8 5
; .25/
Exhaust System s 1=
Chassis Lubrication : . —
Suspension Ve ‘ — Hoses
Brakes Oxygen Sensor
Tire Inflation and Condition Check Engine Light On
Battery and Cables Engine Oil Filter
Engine Oil Filter | Coolant (Antifreeze)

Automatic Transmission Fluid
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engine, @

steering, O m—/

transmission,
Human

fuel system, as a DESIGNER

m CANDIDATE
https:/ /engineeringlearn.b/ank)@rSiih-pictures—names—complete-detaﬂs/ D E SIGN
Comfort Speed Safety
exhaust,

\ y Cost Effective Automation Efficiency
engine cooling, OPTIMIZE
. Night drive Long distance drive
suspension,
electrical,

air conditioning

Hvybrid, renewable, LPG, CNG...

https:/ / www.pinterest.de/ pin/651685008556791265 /
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INTUITIVE (PAPER-PEN) MATERIAL

Human SELECTION

as a DESIGNER
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Chassis Lubrication » - = .
Suspension Ve 4 : — Hoses
Brakes Oxygen Sensor
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Battery and Cables Engine Oil Filter
Engine Oil Filter | Coolant (Antifreeze)

Automatic Transmission Fluid
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INTUITIVE (PAPER-PEN) ( MATERIAL
SELECTION

CANDIDATE
DESIGN

ASSEMBLY

Cabin Air Filter
Check Engine Light On
Wiper Blades
Power Steering Fluid
Engine
Spark Plugs

Belts Windshield
£ Washer

Tail Lights

SYSTEMS

ECONOMICS

OPTIMIZE

o \ Lights

Fuel Filter
Exhaust System

S

% : \
\ 1
- ‘R ' P
- - _ LN
~ g N .'7
LA \
- ! /
.
Ir -

F,,F,F;,...,F,

Chassis Lubrication
Suspension

Brakes
Tire Inflation and Condition
Battery and Cables
Engine Oil Filter

.. |

Engine Oil Filter

Coolant (Antifreeze)

AR PRODUCT DEPRECIATION

Hoses E

Oxygen Sensor Y
Check Engine Light On

Sops  DEATH PROCESS

Automatic Transmission Fluid

https:/ / www.pinterest.de / pin/651685008556791265 /
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Human
as a DESIGNER

NOT A
/ZERO-WASTE

PROCESS

S

INTUITIVE (PAPER-PEN)

MATERIAL
SELECTION

CANDIDATE
DESIGN

ASSEMBLY

SYSTEMS

OPTIMIZE
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https:/ /www.ama

Dismantling
could be
Economically

Unviable

in/ Anatomy-Good-Car-Deal-Happens-ebook /dp /BOIM3WYGU]J
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R E INTUITIVE (PAPER-PEN) MATERIAL
Human

G SELECTION
as a DESIGNER
CANDIDATE ASSEMBLY

NOT A DESIGN
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Industrial M()del Townshlps (IMTS)
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IMTs are townships W1th multlple crltlcal part suppliers in prox1m1ty to large auto manufacturmg plants

Google Maps view of IMT Manesar, just outside Gurugram, Haryana

Suppliers such as Pricol, Denso, AVX Electronics visible, but no waste management/recycled materials suppliers
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R . - MATERIAL
witan SELECTION

as a DESIGNER
CANDIDATE
DESIGN
Alternatives N NOT A
. 1 ZERO-WASTE
Solutions _—
e PROCESS S
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Proper Material Selection @w

Eliminate Assembly B N RN m_/

®
Human

as a DESIGNER

MATERIAL
SELECTION

CANDIDATE AGSENBLY
DESIGN
Alternatives ' g NOT A SYSTEMS
e Bt oe 1S /ZERO-WASTE OPTIMIZE
A PROCESS
I
T
N
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