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BEND ALLOWANCES & BLANK DEVELOPMENT (SHEET METAL)

SUBJECT:
PURPOSE: To stendardize the methods of computing the bend allowances and subsequently :
the blank development of sheet metal parts.
1. GENERAL
1.1 When bending sheet metal, some allowance must be made for the material required,
for each bend. The length of "equivalent straight" stock (bend allowance): mmst?
be computed for each bend and added to the straight sections to obtain the totah
length (developed length) of the material before bending. The required bend, -
allowance is dependent on the thickness and nature of the material and the bend}
radius. The applicable basic fomulas are given below for different classiflca- -
tions of materials. :
a. For 90° bends-in, soft copper, and soft brass:
Bend allowance (BAy (0. 55 XT) + (1L.57 X R)

b. For 90° bends in half-hard brass and half hard copper aluminum. O
Bend allowance (BA) = (0.64 X T) + (1.57 X R)

c. For 90° bends in cold rolled steel and stainless steel:

1.2 For -"Angles of Bend" other than 90°, calculate the bend allowance for 90°. ”ﬁdlf
multiply by the required angle d1v1ded by 90. The "Angle of Bend" is defined‘ E
as the angle through which the material is to be bent, not necessarily that
angle specified on the drawing.

,///
18S:
PGy 142 3 {45t 64 718 1o f10 31 {12413} 14415 |16
PREP} APPD —
1SS|{ M DESCRIPTION DATE | gy | sy | (€13 LETMMURT E‘E;E“‘*“T@m
51 |C-9089 [Lencan Issue of Rev. {2/1/71 | WW TS/’?/’ ' bﬁANUFACTURlNG '
Lencan Issue of Rev. 4/28/781 LC DG»(/CE/' PROCESS SPECIFICATION'

BEND ALLOWANCE &. . .
BLANK DEVELOPMENT
(SHEET METAL)

SYSTEM:  UNIVERSAL | SHEET 1 OF16

i




|

560-45600 Eg

1.3

Canaga) (10

S o . EXAMPLE:
IR . SR & = 1350
| BA, = BA X 135
45° - ' %0
/4 ] : _ ,

LENKURT ELECTRIC

The abbreviations employed in this process specification are defined as
follows: '
D.L. Developed Length
B.A. Bend Allowance (90°Bend)
T Material Thickness (as specified on the RM specification)
R Bend Radius (if specified as a fraction, R must be taken to the
nearest .001" for calculation purposes).
B.A.g Bend Allowance {(for bends other than 90%°ends).
"A, B, Qutside dimensions of part
1.4 Three methods of computing Developed Lengths for 90° bends which will produce
identical results are provided in this technical standard. In every case,
the fomulae for Developed Length are given by:
a. Methods 1 & 2:
D. L. = (A+ B) - (2T + 2R) + BA
b. Method 3:
D. L. = (A+ B) - 2T + C
where C = BA - 2R
1.5 Refer to the Machinists Handbook (13th Edition or later) for radii and mater-
ial thickness dimensions not provided in this technical standard. .If the
tables or formula from the Machinists Handbook are employed, the same proce-
dures as specified in this process specification shall apply.
2. PROCEDURE
. o '
2.1 90" Bends

a. The following example (Figure 2) is illustrated for the three approved
methods of calculation:
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90° Bends con't

Example: |

a. ﬁaterial nga cold-rolled steel (.048)
b. Bend Radius: 1/16" (.062)

¢. Bend Angle: 90Q°

1

Radius is taken to nearest .001" and thickness (.048) conformé to RM specifi-
cation.

< B=2" -

" FIG. 2
Method 1:

The bend allowance is calculated directly from one of the three basic formula
This method is applicable to any given radius and material thickness. It,
therefore, should always be used when the specified thickness and radius on
the drawing differs from those shown in the tables.
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Applicatidn:
Applying the basic fomula for cold-rolled steél, we have;-
BA= (0.71x ) + (157 xB) o
= 0.71 x 048 + 1.57 x .062

= ,034 + .097

= 0.131'Bend Allowance
Substituting into the formula for developed length:-
DL = (A+B) - (2T + 28) + BA

o= (24 2) - (2 (.048) + 2 (.062) ) + .131

DL = 3.910 ins.

Method 2:

This method is essentially identical to Method 1, except that the bend

" allowance figures have been tabulated for a range of material thickness and

" bend radii. There is one table for each of the three basic material class-

ifications. These tables should only be used when the specified radius on
the drawing is identical to that radius shown in the tables. In addition,
the material thickness per RM specificaton must be employed in conjunction
with the table and it may be necessary to interpolate:

Application:

From Table 3 for cold-rolled steel, we find BA - .131 (for .048 material,
1/16 radius). Substltutlng into the formula for developed length.

[4

'DL=(A+B)-—(2T+2R)+BA

= (2+2) - (2 (.048) + 2 (.062) ) + .131

DL = 3.910 ins.

Method 3:

This is the simplest method available as the developed length can be calcu-

lated directly from the tabulated constants. However, it should be emphasize(
that this method is applicable to 90° bends only. Again, where the specified
material thickness and radius on the drawing differ from those shown in the
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Method 3: con't

tables, it may be necessary to employ the basic formula (Method 1). Since,
this method is more convenient, it is recommended for all applications where
possible. The tables have been tabulated to cover the material thickmess and
radii now in general use. ' ‘

Note:. The constant C may be a minus quantity in certain applications.

Application:

~From the table for cold-rolled steel, .b48 thick and 1/16 radius, we have:-

C =+ .006

Substituting into the formula for developed length:

DL = A+ B - 2T + C where C = BA - 2R

=2+ 2~ .096 + .006

DL = 3.910 ins.

. Offsets (Joggles)

.a) General

Due to lack of detail on most drawings and lack of definition in the
forming of offsets on small sheet metal parts the standard methods for
predetermining developed length cannot be applied. While it is possible
by employing detailed mathematics to calculate this length accurately for
all radii, thicknesses and offsets it is more practical to lay a few
ground rules and employ a simple formula. The term "offset" as it is
applied here indicates an amount less than the sum of twice the radius
plus one thickness of material otherwise standard bend allowance formulas
can be used. ’ '

b)  Formula
DL = A+ B + T + O+ 107 (T+0)

To implement this formula apply the following abbreviations to the sketch
illustrated below.

Required flat proportion indicated on drawing.
F = (A+C)

T + 2R (If not indicated on drawing)

Finished size indicated on drawing

O W
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© 0 = Offset indicated on drawing

"R = Radius = 1/2 offset.  (If not indicated on drawing)
‘T = Material thickness indicated on drawing
DL = Developed length

- —— F —

" FI1G. 3

As noted above the radius must be equal to half the offset as an increase
or decrease in this dimension results in an equivalent increase or decrease
in t:he bend allowance for the average offset.

If used as indicated, the above formula is accurate within .005". If greater
accuracy 1s required use standard mathematical processes.

Example:
Substitute known Quantities:

= .375

1.250

‘075

.062

.031 ‘ L ~'
.075 + .062 = .137 | e
1.250 - (.375 + .137) = .738

.375 + .738 + .075 + .062 + .014 = 1.264

WOKWO ™D

g8 u 06 a1
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IBend Allowance For Sharp Bends

Less than 1/64" radius

Here again the standard formulas previously discussed cannot be applied. 1In
this case the developed length is determined by computing the length along.
the neutral plane. For details and examples see pages 15 and 16.




Am.mﬁmm LI0Ss % Mwmmoo .H...HOmv 4 .oz QOHIT ¥Od ATEVI AONVMOTIV GNAY T FIGVL

3

.

o H
o
Sl
7a)
.f..Om  ruop3edfzroeds WM 9yl yITA @918e Isnm WSSANDIDIHL, 10 UOTSuULWIp 9y3l pue ,TT0°
3saiveu 9yl 03 ueel 9q sfemye jsnum +SOIAVY,, I0J UOTSUSWIP YL ‘'Pasn 3q jouusd suopreufxoaddy :HION
g | | sevro ©8L¥°0 T9v°0 799°0  SEY°0 9Z%°0 817°0 60v°0  TOY°0 /1
m LY9°0  0E%°0  €Iy'0 9650 L8E°0 8LE'0  OLE'0 T9€°0 €5€°0 ze/L
m L6E°0  08€°0  €9€°0 . 9YE'D LEE*O 82€°0 0Z€'0.  TTE'0 €0€°0 9T/€
i 8¥€'0  T€€°0  ¥IE0 L62°0 - 882°0 6L2°0 TL2°0  .292°0 452°0 2e/s
m 662°0 820  §92°0 82" 0 6€2°0 _0£2°0 7220 €12°0 s0z'0  °  8/T
W 0S2°0  €€2°0  9TZ°0 661°0 06T°0 T8I0 €L1°0 291°0 9510 - TE/E
w T0Z°0  ¥81°0 L9T°0 0ST*0  TIY¥I'0 ZE€T°0 9210 STT*0 LOT*0 9T/1
ﬂ LIT°0 09T°0  €9T°0 9210 . LIT°0  80I'0  00T'0  T60°0 €800 %9/€
C 26170 SET'0  BIT'0  TOT'0 260°0 £80°0 SL0°0 99070 850°0 Te/T
37/ S 7 8/t ee/e 7975 91/1 797¢ Ze/1 /T
] HONI Ngnaﬁ 0 I SSANMDIHL SAIONY]
- : : ‘anag 0
- ¥ snIavy

I

.
.

AN



560-45600

3s91B9U 9Y3 03 Ude] °q SABM[® ISnw ,SAIQVY, J0F UOTSUSWIP oYL

*uoF3edFIToads WY 9yl y3Ta 99x8e 3Isnuw , SSANMDIHI, A0F UOFSUSWIP OYI pue T00°
‘posn aq jouued suofjeurxoxddy :FIION

CTRIC

G LENKURT ELE

TS0 26170 w0 o o 290 Tey'0  ZIN°0 2070 2/1
97°0  wrr0 92170 707°0  %6€°0 78€°0 y.€°0  ¥9€°0 75€°0 T/t
WT9'0 Y6E'0  YLE'0 YSE'D  YYE'O ¥EE°0  yZE 0 YIE"D 20€°0 9T/€
S9€°0  LYE'0  STE'O SOE'0  S62°0 $82°0 .20 %920 670 2€/s
OTE'0 9620 920 952°0  9v20 © 96T 9Te0  9TLI0 092°0  8/1
(90 L97°0  L3g0 L02°0 L61°0 . [8T0 LT - L9T°O LST*0 e€/e
81270 _._wmm.o 8LT°0 8T°0  §vT°0  BET'0  8zI'0  8IT°0 8010 9T/1
¥61°0  WLT°0  ¥ST°0 - ¥ET'0 9710 YII°0  ¥OT°0 %600 ¥B0°O 79/¢
muﬂpo, ,mQHuo_ 67170 60T°0  660°0 680°0 6L0°0  690°0 650°0 /T
ST T T 1 TV ST (3 76T 79/t
: FONT “IVISLVA 40 L SSANDIEL STHONL
S : : ‘anag 30
- g SATAVy
s AZDHZHH‘SQ K .Hmmam H.mow :
ssvug nm«m..mim ‘934400 LHAHS am«m..mimv 1T A19VL

7 °ON QOHLIW ¥Od AIFVI ADNVMOTIV (NI€




560-45600

e

KANADA) L TD

s LERKURT ELECTRIC

*UOTIBOTITO2ds WY oYl YITM 99ide 3snu wSSHNIDIHI,, 10J UOTSUswWIp 943 pue ,T00°

3saaedu ay3 03 ueye3 °q sfem[e 3Isnm ,SNIAVY, I0F UOFSUSWFP 9YL °pPosn 9q jouued suofjewixoxddy :HION

(T441s AATION Q10D

§Z§'0  €0S°0 1890 659°0  Lyv'0 970 SZv'0  YTY'0 . €07°0 21
L4°0 SSv°0° €890 TIP0 66670 88€°0  LLE'0 9970 5560 e€/L
[29°0 SO0 €8€'0  TIE0  GYE'O 86€°0  LZE'0  9TE'0 S0€° 0 9T/¢
8L6°0  95€°0  vEE°0 TIE°0 006°0 632°0  8.2°0  L92°0 952°0 ee/s
67€°0 - LOE'0  §82°0 €92°0  1§2°0 0v2°0  672°0 - 81Z°0 1020 8/1
08270 8520 96770 912°0  202°0 I61°0  08T°0  69T°0 8510 ee/s
162°0  602°0  L8T°0  S9T°0  EST'O I'0  TET'0  0TI°0 60T°0 9T/T
L02°0  SBI'0  €9T°0 T9T'0  621°0  8TT°0  LOT'0  960°0 $80°0 29/¢
810 09T°0  8ET°0 9TT'0 . %0T*0 €60°0  280°0  TL0°0  090°0 e/t
gTC /s e Gle  wWiE  9UT Wik it W

HONI .qﬁmﬁ.ﬁ a0 L mwmzuouns | SHHONI

. . . ‘andd 40

% snravy




\'Z

TABLE 4 ()

k 560-45600

, LENKURT ELECTRIC [———

} TABLE 4: CONSTANT TABLES FOR METHOD NO. 3 _

MATERTAL . GAUGE _' . THICKNESS  f 'RADIUS  CONSTANT = IBM NUMBER
"'coppnga‘»~ © 200z 027 - 1/32  +.004 - 101-03127-01 -
L 1/2  - 2 - .032 1/32 +.007 yh -03132-01  *

HARD | i,.l”la © .065 ©1/32 +.029 . -03362-85
16 065 s ool -85
TABLE & (A) . | |

STEEL D26 .020 S 13 w001 101¢62192-13‘ f

GRS 24'4 | 025 1/32  +.004 S
R 22 f;‘~ .03 ‘r*‘ 132 . +.009 a0 o .

20 0% . 1/32'» +.013 -09

20 036 3/64 +.004 09

18 .048 132 ; © 4.020 ~04

18 . .048 3/66 +.013 ~04

18 048 1/16 +.006 ~04

e 16 060 132 +.031 06

16 .060 - 3/64  +.024 -06

| 16 s 060 - - 1\e +.017 -06

o .075 im0 -05

Y .075 3/64  +.033 05 -

.14 .075 1/16 - +.026 05\

BTy 075 332 0 +.013 -05

13 090 116 4037 -02

13 .090 3/32 +.024 -02
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L : ’_TABLE 4 (B) con't _
MATERTAL ©  GAUGE . THICKNESS RADIUS  CONSTANT ~  IEM NUMBER
CUSTEEL . - 130z . .09 . 1/8 +.010 101-02192-02'-{'7‘
e ey - .olw-
om0 .20 332 +.085
L .20 1/8  +.031
1/8 125 1/8  +.035  102-00217-55
. NOTE: .Approximations‘ cannot be used. The dimension for "RADIUS" must always be taken
‘to the..nearest .00l and the dimension for "THICKNESS" must agree with the RM
Specification. o
C=BA=2R
CONSTANT TABLES FOR METHOD NO.3
MATERIAL ~ GAUGE THICKNESS RADIUS ° CONSTANT  IBM NUMBER -
) ALBMNUM 26 0z.. 020 1/32° =001  101-01520-01 [
20 - .032 1/32  +.007 -06
18 040 0 1/32 +.011- . =07
1 - .050 W32 4018 o -02
S 063 '1/32 +.026 -03
% .63 1/16 +.013 . - -03
- 14 ~ .063 . 1/8 -.014 -03
13 el e +,025 |
12 . .080 116 +.023 . 04
12 080 1/8 -.003 -04
1/8 - .125 - 1/32° +.065 = 101-01795-01
wre 1/8 125 1/16 = +.053 -01
O 1/8 ' 125 . 3/32 +.041 ’ -01
ey M8 .125 ‘a8 w026 -0l |77
- CONFID- :‘7f 11 *IZ”‘  .090 /32, +.0%9 :
ELECTR " 41 %+ . .o90 1/16 ... +.026.
EMFLOYI T “ . .
st e 11 ' ‘ .090 3/32 ’ - 7"_ P, 013 ‘_’,
SY82 UNIVERSAL ISSUE C BLND A.LLUWALZKSJ%IEgTDﬁ?‘EXLI)J&VLLUL‘EmNL SHEET 12 OF 16 I
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- "(C)  CONSTANT TABLES FOR METHOD N0.3 con't
led ' : : : o :
NOTE Approximations camnot be used. The dimension for "RADIUS" must always be taken| .
o ‘to the nearest ".001 and the dimension for thickness ‘must agtee with the RM '
s Specification. : . : : : :
TABLE 4 (C)
MATERIAL * - GAUGE ~  THICKNESS RADIUS ~ CONSTANT = IBM NUMBER
_ BRASS 220z, . .25 ©  1/3  +.003  101-04300-05
1/2 200 . ..082 . 1/32 4.007 =02
| mamo 18 .40 132 4012 . =03
, 18 .40 - 3/64  4.005 . . =03
4 . .046 - 1/32  +.029 / . -04
& 14 : 066 3/64 4020 ~04
- pe 4 ‘ . . . . : : . - 4 L
) 1 .08 s wois 04 F—
. B BN .084 1/16 +.033 ~07
s 125 1/16  +.053 ©  101-71815-01
/s . .25 © o 3/32 4040 ~01
316, -.187° - 3/32  +.080 =02
36 187 /8 +.066 . =02
TABLE 4 (D)
; : v
i
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MATERIAL

-STAINLESS
o '—{'\?"‘}r

‘kSTEEL

‘18
- 16

3/16

NOTE: Approximations cannot Be'used

56045600 S
1 ) LEMKURT ELECTRIC —— .

géggg ' THICKNESS = RADIUS  CONSTANT  IBM NUMBER
24 0z. | - .025 | 1/32 +.004 101~02450-09
20 " .036 1/32 Fol3 SRR
S 18 - .048 132 +.020 -03
.048 3/64 +.013 03

.060 1/32  +.031 ~06

16 .060 3/64 +.024 06
16 o .060 1/16 +.017 -06
s 34 4,034 C

13 ©.090 3/64 +.044 -04
13 .090 1/16 +.037 04
13 .090 3/32 +.024 04
11 .120 1/16 +.058 -05
11 .120 332 +.045 05
n | .120 1/8  +.031 -05
3/16 .188 .3/32 +.093 -07
.188 ‘1/8 +.079 -07

The dimension for "RADIUS" must alwayé be taken]
to the nearest .00l and the d1mensxon for "THICKNESS" must agree with the RM
Specification. .

A

TABLE 4 (E)




SHARP BENDS LESS THAN 1/64 RADIUS

r——

’H EXAMPLE'S: 060 C.R.S. ,,049 SET-BACK. .01l TAKE-UP, NO RADIUS.

pu"sm., DIMENSICNS, St ) D ULV NSIDE DIMERSIONS

oo
';J_L

-

.. PLANE

- e

oo o o oot
o

LT t-‘"goa‘_‘j g HE g > 022 ‘j 3
951 le— 951 '. |.ou'-_+ t— 1,01 |

‘.»_—3804 -——»_ : ..-4-——-4044 —

NEUTRAL / "““ TAKE P s

' SET-BACK:

TAKE-UP S

~ NEUTRAL PLANE:- -T‘.?.ECRE'“ICAL 'PCIN'I ~HICH N I"'AE% STRE“CKES CR COx\'.?‘LSSh.S

* APPRCXIMATELY 8U% r‘F MATERI AL T’lICKN SS FROM OUTSIDE FACE OF

BEND TC NTU’"RAL PLANE. SET— BACK IS SUBTRACTED FROM DIMENSION.

APPRCXIMATELY 20% CF MATER-AL THICKNESS FRCM INSIDE FACE OF
BERD T NEUTRAL PLANE. TAKE-UP IS ADDED TO DIMENSION, '

- SOLUTIONS TO EXAMPLES:

I"-049: 951
2"~ 2(049)=1,902
1"-049= _.95]

"4+.0l= Lol
2" +2001)= 2.022_
“"0ll= .G

3807 DEVELOPED LENGTH T4 044 DEVELCPED LENGTH
i
el "BEND ALLOWANCE AND B ‘ <3
lssue: 51 DEVELUPMENT (SHEET M%"\r%, - | SHEETgr OF ‘5
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