KETIV

Manufacturing Innovation. Together.

Sheet Metal Unfold Rule Equations

Register for more free training on this topic at KETIV Virtual Academy.

Free training, every week, from real experts.

6 KETIV ]
I VIRTUAL Register Now)
~ ACADEMY



https://hubs.ly/Q02m6wTq0
https://hubs.ly/Q02m6wTq0

KETIV

Contents

T 114 Yo 11T 4T o
1.1 Bend Parameters Used in this DOCUMENT ...........oiiiiiiiiii e
1.2 Mathematical Definitions for Bend Parameters...........cccoooviiiiiiiiie it

2 Calculating Lengths of Unfolded Bends..........cccoiiiiiiiiiiniiinnsisiss s
21 7Y oo I Y [0 1Yz g T = S
22 27T ool B T=To (U] 1 o] o PP PPPPR
2.3 Relationship between Bend Deduction, Bend Allowance, and K Factor..........cccccccevevivivin.
24 Notes on Use Of TErMINOIOGY ........ueeiiiiiiieiiie ettt

3 Common Unfold RUIES ... s me e e e s e mmn e e e e e e e nnnn
3.1 Lockheed Bend AlIowancCe & K FaCIOr .........evii it
3.2 Machinery’s Handbook Bend AIIOWANCES ............cceeieiiiiiiiiiiiie et e e ee e e e e e seibeae e e e e e e e ennes
3.3 DIN B35 ... iiiieiiiiii ettt et e et e e e s st et e e s s te e e e asae e e e bae e e e s tae e e e te e e e e nte e e e nraeaeeanreeeeenres
3.4 Bend Deduction TabIES ..........ooiiiie et e e e e e e e

List of Figures

Figure 1 — Basic Sheet Metal BENd Parameters...........ccuvvviiiiiiiiiiiiiie ettt
Figure 2 — Bend Allowance CalCUIAtioNS .............eoiiieiiiiiiiiiiie et e e et e e e e e e e eaara e e e e e e e s snnnnes
Figure 3 — Measuring the flange lengths up to a bend is not practical in practice..........ccc.ccceecvvviiereiiinnns
Figure 4 — Measuring experimental parts using their “Virtual Sharps” ...,
Figure 5 — Parameters used to determine Bend DeducCtionsS............occiiiiiiiiiiiiiiic i
Figure 6 — Example of a Detailed Bend Deduction Table...........cccoiiiiiiiiiiie e
Figure 7 — Inventor Bend Deduction Tables ..........ccooiiiiiiiiiiii e 10

Version No.:1.0 Page 1 of 10 KETIV AVA



1 Introduction
1.1 Bend Parameters Used in this Document

The following parameters and terms are used throughout this document.
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Variable
T
Ri

t

Rn

Ln

SBout

Version No.:1.0

Figure 1 — Basic Sheet Metal Bend Parameters

Term

Thickness
Inside Radius

Neutral Line Position

Neutral Radius

Bend Allowance

Bend Angle
(Outside Bend Angle)

Opening Angle (Inside
Bend Angle)

Outside Set Back

Definition
Thickness of the Sheet Metal Part
Inside Radius of a Bend

The distance from the Inside bend to the Neutral Line, the
line along which no deformation occurs during the bending
process

Radius of Neutral Line, the line along which no
deformation occurs during the bending process

Arc Length of the Neutral Line in the bend. Ln does not
changed during the bending process, it is constant

The angle of the bend. Equivalent to the outside bend
angle as shown in Figure 1, which is the outside angle
between the flange and the base plate

The complement of a, the inside angle between the flange
and the base plate.

The distance from the bend line to the virtual sharp
intersection of the outside flange faces. Typically only
valuable for a < 90°.
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Variable Term Definition

SBin Inside Set Back The distance from the bend line to the virtual sharp
intersection of the inside flange faces. Typically only
valuable for a < 90°.

1.2 Mathematical Definitions for Bend Parameters

Given the definitions above, there are a few basic mathematical relationships that can be expressed and
are useful in this document.

t=R,—R (1)

B =180°— « @
SB,,; = tan (g) ‘(Ri+ T) 3)
SBin = tan () - Ry @

2 Calculating Lengths of Unfolded Bends

2.1 Bend Allowance

L1

L

Figure 2 — Bend Allowance Calculations

The most basic way to calculate the length of an unfolded part is by taking the length of a line in the bend
that does not change during the bend process. This is known as the Neutral Line or Neutral Axis; and it is
the line along which no strain in the material has taken place.
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The goal is to get the total length (L) of a workpiece as shown in Figure 2:
L=L;+L,+L, (6)

Ln is known as the Bend Allowance. Since it is the arc length of the Neutral Line, it can be calculated
using a simple equation:

Ln=(Z'7T/1800'Rn=(Z'7T/1800'(Ri+t) (7)

where «a is in Radians. The Neutral Line is located at a distance t from the inside of the bend radius. This
distance is determined experimentally, and is usually expressed as a percentage of the total thickness

(T):

t=K-T )
Where typically:

0<K<1 (8a)

Note: K can be less than 0 or greater than 1 in theory and even in practice, but in general it is expected to
be between 0 and 1.

This percentage K is known as the K-Factor, and is determined in a variety of ways (which is discussed
later). Given these, the bend allowance can always be calculated by the following:

Ln= a'n/lgoo'(Ri+K'T) (9)

2.2 Bend Deduction

The beauty of the Bend Allowance method is that it can be calculated using a provided K factor and the
known properties of the bend. It is simple and straight forward. Getting the K factor to begin with is
another problem.

Several rule of thumb and standardized K factors exist, but in general K factors are determined
experimentally. K factors express the amount of stretch when bending sheet metal. The actual amount of
stretch is dependent on several factors:

= Material Properties
o Material Thickness
o Strength of material
o Material Hardness
o eftc.
= Tooling and bend properties
o Angle of the Bend
o Radius of the Bend
o Type of Bend operation
o etc.

This process to calculate K Factors requires taking blank sheets of known lengths, folding them up, and
measuring the lengths of the two sides of the bend.

Version No.:1.0 Page 4 of 10 KETIV AVA



since the exact location of the bend line is really not know.

KETIV

Measuring is the real trick. Bending a known length of sheet metal is easy, but to calculate the Bend
Allowance (and therefore the K Factor), the lengths of L1 and L2 must be measured. This is not easy

Figure 3 — Measuring the flange lengths up to a bend is not practical in practice

It is much easier to measure to the virtual intersection (or Virtual Sharp) of the flanges:

L1

Ri+T

Version No.:1.0

L2

—

Figure 5 — Parameters used to determine Bend Deductions
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What a person can reliably measure is shown in Figure 5, which are the lengths La and L.
Experimentally the user knows the initial length of the test piece (L), and it is known that the outside of the
metal is stretching, so the following can be deduced:

L=L,+Ly,—Lgp (10)

where Lgp is known as the Bend Deduction, and La and Lp are not linear values:

Ly = Ly + Lsetpack (11a)
Ly = Ly + Lgetpack (11b)
a
t =) (R;+T 0°<a<90°
where: LsetBack = { an (2) (R +T), == (11¢)
(R; +T), 90° < a < 180°

2.3 Relationship between Bend Deduction, Bend Allowance, and
K Factor

Given that L must be the same no matter how it is calculated, equation 10 and 6 are equal. This means
that a relationship between the two can be determined:

L1+L2+Ln=La+Lb_LBD (12(1)
Ly + Ly + Ly =Ly + Lsetack + L2 + Lsetack — Lsp (12b)
L, =2 Lgetpack — Lpp (12¢)

This also means that the K factor can be calculated from the Bend Deduction:

180°
K=a™

' (2 *LgetBack — LBD) - R;
T

(14)

2.4 Notes on Use of Terminology

Many people use the terms Bend Allowance and Bend Deduction interchangeably. It is even common
to see charts on a shop floor titled “Bend Allowance”, and the chart is actually a chart of Bend
Deductions. However the terms do not mean the same thing (as outlined above).

Another common mix up in terminology is the difference between the Bend Angle (a), and the Opening
Angle (B). This can lead to a lot of confusion and errors when designing and calculating flat patterns.

One last note on terminology: some people use the term Bend Compensation. Bend Compensation is
the negative value of the Bend Deduction:

Lgc = —Lpp (15)
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3 Common Unfold Rules

Several rules for unfolding exist; either found in standards and other sources. For truly accurate
unfolding, manufacturers generate their own. This section covers known rules in industry and common
practices known to exist.

3.1 Lockheed Bend Allowance & K Factor

K Factors where first developed by Lockheed Martin in the 1950’s". Typically K Factors are a single
numeric value used for either all material/thickness/angle/radius combinations, or for specific sets. This
makes for a very linear, simple to use formula with Bend Allowance.

By default Inventor uses a K factor of K = 0.44. This K factor is derived from the Bend Allowance formula
developed by Lockheed:

BApockneed = @ (0.017453 - R; 4+ 0.0078 - T) (16a)
a-(0.017453 - R; + 0.0078-T) = -/ ggo- (R; + K - T) (16b)
K =0.0078+180°/ — 0 44 (16¢)

Note: Most likely this formula was developed for a class of materials, probably Cold Rolled Steels and
Spring Steels. Specifics were not known by the author at the time of writing.

3.2 Machinery’s Handbook Bend Allowances

Machinery’s Handbook offers three bend allowance formulae for various materials?. The formulae are for
bends of 90°.

Materials Bend Allowance Formula* Derived K
Factor
Soft Brass, Soft Copper L,=(055-T)+ (1.57-R;)) (17a) K=0.35
Half-Hard Copper & Brass, Soft Steel, _ ) . _
Alurminum L,=1(0.64-T)+ (1.57-R;) (17b) K =0.407
Bronze, Hard Copper, Cold-Rolled L, =(0.71-T)+ (157-R) (17c) K = 0.452

Steel, Spring Steel

*Note: for angles other than 90°, multiply the Bend Allowance Ln by the Bend Angle a in degrees divided
by 90:

Ly (290 = Lu - /9 (17d)

"“Bend deduction charts, Where can | get one?”, Steve D. Benson, July 26, 2001,
(http://www.thefabricator.com/Bending/Bending_Article.cfm?ID=356)

2 See p.1307~1312, Machinery’s Handbook 26" Edition, Industrial Press, Inc.
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3.3 DIN 6935

The DIN 69353 standard outlines several practices and standards for creating bent sheet metal parts.

This includes the development of a set of Bend Compensation based formulae for calculating the unfold
length of bends:

L=Ly,+L,+V (18)

where Vis the Bend Compensation. Note that it is the negative of the Bend Deduction (as described in
Section 2.4).

V= —Lpp (19)

The Bend Compensation Vis determined based on the Opening Angle (8), as shown below:

Equation (20a), (20b), & (20c)

Bend Compensation Formula Valid 8
Range
i
180°-pB T 0°<B<
=T['(W>'(Ri+E'KDIN)_2'(Ri+T) 90°
180°-B T 180°-p 90°< B £
Vem (B28) - (Ri+1 Kow) =2 (R + 1) - tan (Z2£) ~ 1ese
o < | L
V—0 165°< B < | %

180°

where:

R:
0.65 + 0.5 - log (?‘) 0.05<-'<5

Kpiv =

(21)

~| o~ =

1, 5<

Note: The value of Koiv is not the same as a K Factor as described in Section 2.1, and should not be
confused with standard K Factors.

3 Formula and data from DIN 6935, Deutsches Institut fir Normung, October, 1975

Version No.:1.0 Page 8 of 10 KETIV AVA



KETIV

3.4 Bend Deduction Tables

While K Factors are convenient and tend to be simple to use (especially for CAD software), for the most
accurate development of flat patterns, Bend Deduction tables, based on actual measured data, are the
preferred method.

In a given manufacturing environment typically there are a finite set of materials, gauges (thicknesses),
bending processes, and tooling. Because of this finite limit, generation of Bend Deduction Tables for all
of the possible combinations of these is practical.

Typically these Bend Deduction tables are created using the method described in section 2.2, where
samples of known length are bent and measured, and the Bend Deduction is calculated.

Historically K factors are not generated from these tables. The reason is simple: when manually drafting
or drafting in 2D such as in AutoCAD to create a flat pattern drawing, using a Bend Deduction Table is
simple and straight forward. All the designer needs is the dimensions of the flanges to their virtual sharps
(common drawing practice), and the appropriate parameters to look up the Bend Deduction. Only simple
addition is needed to calculate the final length to draw.

Most Bend Deduction tables are generated only for 90° bends. For bends other than 90°, some other
provisions are used. Some companies will generate tables for all the possible angle/radius/thickness
combinations.

Figure 6 — Example of a Detailed Bend Deduction Table

Note: The table pictured in Figure 6 goes from 5°~170° in 1° increments, and covers 18 different
Thicknesses and 13 different Radii. Only 3 of the 160+ pages are shown.

Since so many Bend Deduction tables exist, Inventor supports the use of Bend Deduction Tables as an
alternative to K Factor.

It is worth noting that in older versions of Inventor, the format supported by Inventor assumes that the
Bend Deduction Table is using the Opening Angle (), and not the Bend Angle (a). Inventor features
are designated using the Bend Angle (a), however. Current versions of Inventor you can specify if the
bend table is using Opening or Bend Angles.
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Figure 7 — Inventor Bend Deduction Tables
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