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Saitama University and 
Saitama prefecture ?

(埼玉大学+埼玉？)
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・ Saitama university (埼玉大学) 
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Thailand

Japan



・Saitama Univ.
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700x350ｍ

Main gate

Tokyo

http://www.saitama-u.ac.jp/index.html

Saitama



Specialties and Places of Interest

The river rafting of Nagatoro

green vegetables 

SAKE cellar 

supporters wear 

bright red uniforms 

our university 
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Urawa Reds 



Basic of Bending

1.  Classification of cross-
sectional shapes
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page 39 of the Textbook

channels

Profile
Closed Tube

Opened profile

Asymmetric

rectangular

circular

Channels ] [ H   I   L
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2.  Products of Tubes 
and profiles
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Pipes
fuel line 

water piperadiator pipe 
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pipe line 



Products around us

Body frame or member will survive, 

but Vehicle exhaust pipes・・・・

health equipment

structural components musical instruments
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Tesla Model Y giga-press aluminum casting (sae.org)

EV 
Threat

Benders' jobs 
down?
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https://www.sae.org/news/2020/06/tesla-model-y-big-castings
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Specialty Products

waveguides

Bourdon tubes

medical devices



Key Factors for Bending 
technol.
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       Large

Middle

Small

Φ d0

r

          Thin ｔ0

Thick

・Mass or Flexible products

Bending Radius ｒ/ｄ0，Thickness Ratio t0/ｄ0

Cross-Section 
Shape

○ □ L H ］Material



Preparation for bending ｐ40

Until now, we have used elementary analysis and numerical analysis to predict

processing forces (moments) and deformations, etc.

Now a days, simulation (FEA) is used to predict (reaction force, moment, wall

thickness, stress, displacement, deformation, material handling etc.)
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3. Bending method ｐ41
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Principles of Processing
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・Bending moment ・Strain difference between outside and inside

・Shear strain 

ρ
σc

εc

σｔ εｔ

Press bending

Compression bending

Hamburg bending ｐ59

Shear bending ｐ61



Working temperature
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・Hot ・Cold

Die less, 3D bending
・Variable bending， Continuous bending ｐ65

Robot
Roll

Heat coilTube

ｐ63 Heat coil
Roll

Tube Clamp

Radius
Bending arm

Pivot



Press bending (Cold)
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p42

Hasegawa，51th  Sokaren，2000，105



Rotary draw bending ｐ44
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Mandrel
Pressure die

Boost Die

Tube

Wiper die

Bending die

Clamp

Compression

Tension

Basic tools
・Clamp

・Pressure die
・Bending die

Option tools
・Mandrel

・Force to axis directions
・Wiper

Bending line not moving 



Characteristic Rotary Bending

SANGO : Bent double walled product   P45

P46

Push Rotary Bending   P46
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Other，Bending with moment(cold)
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・Compression 
bending p47

・Roll bending ｐ47

Clamp

Bending Die

Tube

Pressure

die

Bending line Moving

・Stretch Bending ｐ48

Tube

Moving Roll

Tube
Tube

3 roll 4 roll

Moving Roll

Please modify the textbook like 

this



Push-through bending(Penetration Bending) with Die 
p48,49

24

Basic Type Improvement Type

1:Mandrel, 2 3:Outer die, 4:Ring, 5:Punch, A:Tube

Tube
Die



Flexible Penetration Bending p49
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Tube

Cylinder

Bending die

Pu

PL

V

u

PL

Nissin HP



Hot bending （Expand tube）

Benkankikoh by HP

CD bending ｐ43

Hamburg ｐ50

No strain change 

after bending
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ｐ52
Eccentric Plug Bending （Expand tube)

Setting Triangle Plug 

From Pipe to triangulated tube 

principle

With moment

thick

thin

With plug

thin

thickEccentric

tube

Eccentric Plug

Roller
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expanding eccentric plug bending

▲プラグ.wmv


Shear bending ｐ53

Sango by HP

Moment due to shear 

deformation
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Bending of Shapes and profiles ｐ57

JSTP：30-336（1989）ｐ26
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Bending of Square tube ｐ60, 61
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Asymmetric channel ｐ61

r0

Torsion occurs 

when shear 

center is shifted
Okude：doctoral thesis2013
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Stretch bending for profiles ｐ62

・Neutral axis moves to compression 

side in Stretch Bending move

・Be careful of necking or breaking on 

the tension side.

High Tension⇒
No wrnkling, Low springback
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Rolling bending ｐ64

Working limit ｐ65-68

Inner Outer
Let’s take a look ｐ68

t0=1,h=10,r0=53.4

angle

Channel

angle

Channel

Hat
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Let’s take a look at ｐ68

t0=1,h=10,r0=53.4
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3.3 Working force ｐ69

・Selection of processing machines

・Bending moment
force×distance

For selecting a machine

・Selection of tools and jigs    (Reaction force)

Material*Radius*Area

For durability of Tools

Tension, compression, shear, moment, torsion
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The fully plastic bending moments ｐ69

Rigid Perfectly Plastic 

Materials

Work Hardening 

Materials 

σ

ε
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ｐ70

0.25

0.59

Example

n=0.2

https://keisan.casio.jp
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The beta function



ｐ71

Flattening in bending
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Equations 3.8



Utsumi: Doctoral thesis 2001，ｐ157-159
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Square tubeW0＝H0 ＝40
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Empirical Formula for Bending Moment 
in Rotary Bending ｐ71

2

It was missing ............... Please add
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Undesirable phenomena ｐ72
/Deformation of cross-section
⇒Flattening, thickness deviation

/Buckling
⇒Wrinkling，Folding

/Breaking
⇒splitting, necking

/Springback

/Initial failure，Distortion, Outward falling,

Inward falling・・・・

41



Automotive Engineering Exposition 
in YOKOHAMA

White body Exhibition

OUTLANDER SOLIO QASHQAI

Inner of the frame bumper
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Specific Defective Phenomena

Flattening

Splitting

（tension side）Wrinkling

Folding

Al-Mg-Si Mg-Al-Zn (compression side)
43



Effect of bending with axial force

(2) Laminated elastic mandrel (1) Without any restraining tool 

(3)Laminated elastic mandrel
and small axial tension

(4) Laminated elastic mandrel
and optimum axial tension

A6063S-O, t0=1.5, t0/H0=0.038, R0/H0=4.3

JSTP, 52-604（2011）572-576

dent
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Springback ｐ73-75

・Stretch bending or draw bending

・Small Bending Radius

・Short Mandrel Position

・Short Distance between pressure 

die and bending point

・Small Proof Stress

Conditions with small springback
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○t1=2.5

×t1=2.0

△t1=1.3

A6063-T5 Square tube with rib

40×40，t0=2.5

0

0.05

0.1

0.15

0.2
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0.3
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0 0.1 0.2 0.3

Sp
ri
ng
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ck

⊿
R

/R

H0/R0
R400

○t1=2.5

×t1=2.0

△t1=1.3Wrinkling

Springback increases when wrinkles appear
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3.5 Bending Die・Tool

Basic tools
・Clamp

・Pressure die
・Bending die

Option tools
・Mandrel

・Axial force
・Wiper

Rotary draw bending
ｐ75
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Axial force



Basic tools
・Clamp

・Rotary Arm
・Bending Roller guide

Die-less bending ｐ76

ｒ／ｄ0＝14 to 30
The curvature can be freely 

adjusted.
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Mandrel and others ｐ77

 

 

 

 

 

Fc 

Fc 

F 

Spacer  
sheet 

30°  

45°  

Wiper die

EI
l

n
Pcr

2

2
=

Euler 
Restraint condtion

grain，wire，low melting point ally，sand，ice，liquid, 
ultrasonic vibration

How to constrain from inside of a pipe

How to constrain from out of a pipe
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Homemade Mandrel
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Effect of mandrels ｐ77-78

Manderl・・・・・

・is effective in flattening and Folding

・is also effective for wrinkling, but has no 
intrinsic effect.

Pressure die・・・・・

・is effective in deformation of cross-section 
and thickness deviation.
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Other tools ｐ78-79

Common Wiper・・・・

・is effective in initial dent.

Hinge Type・・・・

・can extend a tool life.

・is an easy tool change.
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3.6 Forming limits

Flattening ratio 

JSTP:49-572（2008）ｐ896
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Flattening ratio in pure bending ｐ79
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Flattening Force ｐ96
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Deformation of Channel ｐ81

Thickness deviation

H0=2t0/d0
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Splitting limit ｐ82

d0

rc

Simplified form

Ex.

If the limit of elongation is 20％
pipe diameter : d0=20mm

r0=d0/2εTmax＝20/（2×0.20）＝50mm bending radius

Neutral
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Wrinkling limit  are determined by restraint 

condition, material, inertia, buckling length.

Folding limit ｐ82

Wrinkling limit ｐ83
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Forming limits of Pipe and Square tube ｐ84-85
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3.7 Forming example ｐ86

Small diameter tube of SUS, Aluminum alloy extrusions and ERW high-strength

steel tube are applied for lightweight and high rigidity, mainly in medical, aerospace

and automotive industry.

（SUS316） Al-Mg-Si 780MPa, ERW

R50，A6063-O

20×10×0.5mm，Rotary Draw bending

⇒Waveguide for a Satellite

60



Robots and measuring systems ｐ86

Opton by HP

Bending                   measuring

Simulation⇒
Material handling, Interference 
Checking
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• Method

⇒draw bending, flexible bending, shear bending

• Mandrel

⇒Flattening

• Restraint from outside

⇒cross-sectional shape accuracy

• Axial tension force

⇒Constraint buckling

⇒Decrease springback

• Axial compression

⇒Reduced thinning， 

  necking, splitting

Summarize

62



Thank you for your attention.
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