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THE MIMING OF	 WOOD-

By

T. R. C . WILSON, Senior Enginee r

Wood bending is practiced in the production of a large variet y
of products ranging in size from embroidery hoops to large ship part s
and including such varied items as barrel hoops and staves, handles fo r
shovels, 1'+o s and other idols, wheel ri

	

q,tomotile parts, tennis
racquets, snow shoes, hockey sticks, tob
sticks, raAwrool .3..-w

	

4milp--

	

itMhrb_

In general the hardwood specie O 4 ere
the action of heat and moisture and are more suitable than crenifers naa -
bends involving ter deformation. Also in many bent parts hardwood -
are desired for the appeaTa iee• or other chare;ss.teri:et=ics,
hardwoods contribute mw* Of the wood used for li fr

	

:nn.
Oon.'s,

	

uently ,
The

	

•es ; :sa_ _ 0
and hickories are ppeerred for be:ndings i Allah :exitmeme . dato r,,a 'k
must be produced .

	

Oaks, beep,,, birehes, maples, en gei gum a w-I •
used in furniture cc n,s

	

.t3 i .

Selection of Stock

Wood for bemad:ings is volvimg extreme d .e tiuema . count safe
straight grained and free from defects . In p !B'ee's ii .7tivs olptmL _
deformation irregularities of grain direction and small kabt* may be ,fSW
mitted on the tension side of the piece provided efficient straps ara:
used. Knots or other defects that would interfere with ui. ferm. :sbO ening
are undesirable on the compression side .

In all species there is considerable variation in the quaairof •
clear wood and a range in such properties as weight, hardness, and
strength. The heavier stock in any species is ordinarily the harder and
stronger and hence the more serviceable in bent articles in which thes e
properties are desirable . No information is available to show definitely
what quality of wood can be most successfully bent. In hickory the mos t
flexible material is apparently that from near the base of the tree and
the same is probably true of other species except that wood from near

1Published in Wood Products, Oct ., Nov ., and Dec ., 1933 .
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the base of swamp grown hardwood trees is often low in density and i n

strength properties.

Steam Bending

The principle of steam bending is that the wood is rendere d
flexible by the application of heat and moisture and while in this condi -
tion is bent to the desired shape, and so held until, through the harden -
ing and stiffening that results from drying the wood, the shape beeem' : s
fixed.

Wood may be stretched only a small amount (about 1 percent of
its length) without tension rupture . .The shortening.or . upset th .t can
be brought about, however, i s .much greater. Wet OT moist wood can b e
compressed with less force and to a greater degree without disfigurem n t
than dry wood. Heat applied to wet wood further reduces the resi;sttailp e
to compression and . increases the possible shortening. Heat and mdistgaoe ,
however, do not greatly increase the attainable stretch . . In any instance,
therefore, in which the difference in length between convex and .cones e
faces of a bent piece amounts to several percent the major portion of
the deformation must be produced by shortening. Hence the desideratum i n
selecting and p reping , stock and in the bending manipulation is t o
produce this shortening in proportion to the thickness and curvature o f
the piece at each point along the length.

The difference in length between the convex and concave_ faee s
of a bend is equal to the relative curvature expressed, as the sa .tie of
thickness (in the direction of the radius) to the radius of the cogme x
face. Thus for a piece 3 inches thick bent , on of ie:x of17-ine i r, us
the outer radius is 20 inches and the defo

	

.or , b Lative curvature
is 3/20 = 0 .15 or 15 percent. Many bent pa:w a

	

'l . itive curvature
as high as 10 to 12 percent and occasional garbs_ olt vosAl .cross section
are bent to a relative curvature . as high as 3O pe

	

t:A -~''! a same.. rela-
tive curvature is more readily attainable with thi;~u metes than th
thicker ones. One possible reason is that brief ate tag

	

:n
stock throughout whereas in the longer time re

	

d . . ' ' Iisture
to penetrate thicker stock the surface-becomes err -cooked. "

In the bending of pieces whose thickness ('iR._0m. .4irec '
the .radius) = is large compared to their width there

	

tsgOggrtleP
lateral or sidewise buckling to occur . With pieces thlas-erepTh-ttag -

	

,
much as twice their width, lateral support should be pxded to re _
sidewise buckling.

Cutting the piece as nearly as possible to the fini.shecl, depth
before bending decreases the danger of objectionable wrinkles;. If the
stock, is left •over-size'' such wri nkles' may be caused by the extra d:ep )

and may not be removed in finishing.
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Saw ma s. and other irregui- t

	

tend to localize th ;•~ ;~set ~
hence surfacing before bending id

	

age6i. s. Experience has
that bending t s more successful if .tom curved

	

~ plain sawed
than if they we quarter sawed..

	

sal}

	

_~ . : + :

	

local
irregularities of gra.i , are lees

	

rimental to be

	

f on the
convex than if an the 'r encave ekii of the bend .

	

--

and Sof

Although O, important considerations irk
with 'ems bend-v€ rlil~ its',isture content,no ade
entif;eih tttgiy has teen gives 410, than phase. Theoretically the i
dit'ieft for maximure.Is

	

a,t the moisture conteni: throng
pi~crei 1Ajust s
-excess

	

erl
probab
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newly- 'or
may
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: as the advantar ,, '
abosnce of -check's. ,

	

a Mt o tarO1e to, form upset. Howe
moisture thsot ,may

	

in emfl*s .of that

	

4.
i,engjens the$ r

	

ed i'or,-d

	

I

	

fixin

	

9e bends.
parts are marls

	

ly f>

	

ly air-dri: 'd stock and prov i
the stock is t

	

thiOji

	

a L.y the best aroisture condition :
Stock Vat has . been' VAX

	

tan be ijected to much more drastic ,
drying • ev i;

	

vet

	

Bing than can green stock
Fence % i.t- it - d ,ed mom ,
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the da:, .
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dot watt-V is fr
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. is 'flo *invade near one end o
titec

	

;•which

	

the psft-*h t

	

boat

	

immersed. Steam must-
15e wtt olt at eai r

	

saturated' a

	

t

	

vent surface drying of
greens

	

k . It 4ite -si i

	

.stn s tm .

	

• Steaming is commonly don e
with- exi

	

t steam or wiuttl Live stk.-ali b

	

through water into a box o r
chamber that is not sufftlo0pittio

	

to sustOAtt pressure . Steam unde r
p-'

	

re up to abort_. , fads p teluare inch 1 i.ge as a maximum is some-
- iltie{s u!s* to heat

	

-fie; ' •s ickly and U . & der temperature .
Orin

	

{diffe;;r *sr tee the compa

	

ct merits of

	

water soaking, pressure
and nonpressu

	

st :n_g .

	

-

-
-saturate all the fibers . Moi s

111*4 ,> of produce any greater soften .ng;
rimentaU wept that it adds to the water to be t+e-

Sa ah that the cell cavities ar e
case sufficient hydraulic pressur e

fi

	

a

	

ed in b en i:ng to &•use
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A common rule of thumb in the -use of steam at atmosph 'a w

sure is to steam for 1 hour per inch of th .4'rb g' d's• . Obviously, 1 • ver,
the length of the steam4hg period. needs to bDe varied aceerding tro the
species and moisture content of the stock and the severity of the ber
The ideal condition for maximum .flexibility,- that i, tough saturation
of the wood fibers without excess moisture in the-•eell 4amit4es- is vim. ; ,
difficult if not impossible to attain. The. n i

	

atta)U20le f'lexibi- -
lity, however, is probably not needed except for bends of t etie curva*
ture .

In any bend that involves more than about 2 pewca;erit _gi

	

b i y .
the neutral surface or surface along which the wood fibers ;'Fe dLrtl
elongated or compressed must be moved toward the tension fmca . iron. -
example, tff a bend involving 10 percent deformati ii o; W . E0 ' 4f %IVA *Aft
can occur as stretch leaving 9 percent to be accomplisROd - 0Aps;e$•.,
such an instance the neutral surface can be riot more than l1O, e tat
depth from the tension face . When the w-aod: i:s 'weil . softened. the tensile
strength sufficiently exceeds the compressiVe resistance to bring the
neutral surface to as near as 1/3 or 1/4 the depth f our the tens face .
Hence, if the grain is perfectly straight so that bending doe ; _ mit induce
stress in tension across the grain, bends iriv6,lvifg up t, 3,-4x' 4

	

cent
deforma '

	

be a,wl•ished without tension failure . Fb .
bends tom .

	

of the wood is ord.inar4y i:nsuffient
itself axe

	

; . ., %K*0 by met41 straps or hoad's to afford a
R#'L
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~~part ,-a' 't'i`e- piece
that must be compressed.

Substantial end blocks, er bulkheads must be secd:reJ. attached
to the straps in ardle,xf to convert the ten- i t into essure alga nfsat the
ends of the bending bl x short bulkhaOAO .S i11mt ed, in Figure 1.
Ar air "'astable and will tip um-de-z= the at- ten_ of the 71 0.1 - g forces as
11i "`rated in Figure 1, B. Such bulkheads exert•

	

,-',essure only
on one edp. 'of ,

	

,tl stock mid are therefore gAits-

	

fective
in rest._=

Figure 2 repFe Meits a stick ,it they process of being be'nt .
Successful bending regta,LTes that Zapse't. take place alt, 0•, the last point- k -

	

t
of contact between stt%4 x00 form, and

	

t crushing at the :e, .d of ''g
stick be avoided . Alec) b~c„a a bleat and moisture pee ate: mare readi!, -
losgiiimi.41

	

ti■k and of a steamed piece i-s -
likely to be set et th i = 't = 10

	

of the. p&Oct. Ieny

	

qrs. necessai r
that the unit coepressive st es$ 'be less at the end; of the stick than at
point O . This wan 'be a ;;u seg. - y .lying 'm

	

scant end pressure ,
pl s at the mid : height Qd' the pi-eft:6. In o$t

	

*'o p

	

u tyke occurrenc e
bt iMP

	

IBA i

	

. .

	

Figure 2, X,
tflhich

	

ot near the end

	

•i .

of the stickI'

	

e distance from
the end of -bite p'1. a $`s`

	

con

	

th the form. Hence ,
X must decrease as L decreases

	

progr

	

the bending. Further-
more the resisting moment of the piece remains practically constant and . K

r . 1
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-moot be balanced by the external bending moment ' (X -# L) .

	

' r

as bending progresses the force P must increise and its point

	

ca-

. tion must move closer to the . end of the piece"bedng bent . _

This analysis explains why bending apparatus arrnn4ed as i n
Figure 2 is frequently inadequate,since it is seldom c nvenient or possible,
to provide long enough bulkheads or to shift the point of a7ppi ;atton of
forces during the operation . However, apparatus-that only approximately
fulfills these requirements often functions satisfactorily : Freque* l
however, bulkheads are so short that they are quite ineffectt a and a
large percentage of faili 'es occurs through their use. Al-to i,.f rtit on

	

c
between strap and stick has been disregarded in the foregorang a .?y&*
it may be sufficiently great to assist in providing end pressw

	

d
preventing tension failures . Any apparatus that permits even od Tonal.
tension failures should be regarded as inadequate .

Tension failures are often attributed to impr•.oex s.easoningg
insufficient softening of stock when in reality they are duue to insufW
cient' end pressure . A simple scheme for providing automatic f'Oedlatibi l
of end pressure is illustrated in Figure 3 . Here the leverage fee' the
bending force P is afforded by a "reversed lever.' extending back Tong
the piece from its end . The pressing of the reversed lever against
the piece affords resistance to the tipping of bulkheads pre .ously meTtr
tioned. The bending force P can be applied at any point beyond the la Ft

contact of the stick with the foOle Lf the lever arm about the point oaf :

eft is made very short, however, the force will necessarily be large

and undesirable crushing of . the bending stock against the form may maul*
This principle of the reversed lever is embodied in a coma-type o f
double arm bender used for bending wheel rim and other aeMicirmeATAart s
and in a similar single arm type of machine . Somie of these maellr, :
have devices for automatically releasing some of the end pressure
bending progresses thus .

	

some stretch of the wood to take IA 4*

Straps stretch with repeated use and f rthem.Nare7 it is,, dif ff'c t
to cut benti-it g blacks to exactly fit a strap of fixed 1,e . If blanks
are too short they -mayy stretch before e6ng end pressure from the be4he.sd
is obtained: If too long, forcing them insttb place will cause cre YTing
at the corms of the end,and this may so weaken them at t .. at- punt that

point that the upset will be localized there instead of talitng lace where

it should: In either-ease tension failures are lil ely tp P.su t :• - Jonse--

quently, some means of Adapting the length of the strap tee fete IeAg*: pf
the bending blank is needed . This can be accompli s1 M'by scre*§ . : threaded

through the bulkheads and bearing against the planes used to d $tribut e
the end pressure over the ends, of the piece . These screws can he
released as bending pro,gre:s-ses if it is desired to, reduce the fore
required to. accomplish axe bending by permitting as much'Mt-retch as_ _
be allowed.



Forms

Three kinds of forms are used in wood bending; -(1, Ople
wood, metal, or metal covered Wood of the proper shape to fit the concave

'

side of the bend; (2) hollow steam-heated metal forms on which the, be l. e
remain until the' shape is fined by drying the wood ; (3) Y 'dxA*4c Fe e'
having hollow steam-heated platens so shaped that the bending bl ••, "n
be pressed to the desired form in the openings betweeai succeessIre ens .

Bends made on or between heated forms are left inlet:
they are dried sufficiently to retain their shape appra ;mute. r,. SPWLI%
made on unheated forms are ordinarily dried in a kiln eithe ora tes
bending forms or after transfer to drying forms or to reta .long E:

	

r.

Principles that govern the drying of straight stock are applicaNg*
the drying of bent wood . Extreme care needs be exercised IA the steam
ing of bent wood during the drying process in order to avoid tension
failures . If the bends have been made from air dried stock s;o4t

-he severer drying schedules may beused than can

	

appilled ix

	

eei;b'.Olf-
from the green condition . The use . of hot forms or hot •pree --th green
stock is inadvisable as honeycombing and sieve-re checkacag is likely to b e
caused by the severe drying conditions .

S.q ecial BendingIilethgds

Chemical treatmexM bf wood to soften it for Wilding' is

	

-
frequently proposed, The Forest Products La. oaatory has not indeelt:i.

	

` '
the possibilities of chemical softening for bending aid knows of no
authoritative i:nfornration on the subject . It seems peobaMs, however,
that chemical action sufficient to render wood more flexible yarn& pla4*1' e
than can be done by ordinary methods of steaming might render it un-
suitable for - : imz which strength is important .

A comparatively recent departure from customary practice i n
wood bending is represented by a machine that utilizes three rolls
triangularly arranged and with adjustment provided so that the spacing
can be adapted to the thickness of the wood and the radius of heEnd desired.
The rolls are hollow and are heated by interior gas flames,: A bring-
steel strap is fed through with the bending stock and next to its convex
face . This strap has no bulkheads and the only re ;stOAt of extension
of the wood comes from friction with the strap. This machine is reported
to operate successfully on dry , (presumably air dry) wood up to 7/ g inch
in thickness . The process is also applied to the bending of plywoierd .
Another recent development is a German patent for the propa-ratioft o f
flexible wood through the application to hot moist wood - of heavy pressur e
to compress and upset it longitudinally . the claim is that'thismater3,al
can be produced and dried "in the straight' s and can later be soaked and
bent,following which it is fixed to the desired shape by drying
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O Characteristics of Bent Wood
hhhhmhhhhehh___

	

h____

Wood that has been steam bent and dried while held to shap e
tends to bend further with additional drying or to straighten with the
absorption of moisture . This suggests that drying on the forms, o r
while the wood is otherwise held to the desired shape should be t o
approximately the moisture content the wood will have in service.

If a large amount of moisture is absorbed while a piece of ben t
wood is held against straightening,the tendency of the concave side to
swell may produce sufficient stress to cause tension failure at the
convex face, hence the need for caution in steaming of such wood durin g
the drying process .

Inasmuch as in many bends the deformation is far beyon 4
the proportional limit and well beyond the deformation at maximu m
stress, it is not to be expected that the strength of such parts will b e
so great as that of wood that has not been subjected to the bendin g
process. Results of only a few tests of bent wood are available .

White ash sticks 1-1/4 inches square steam bent to a radiu s
of about 180 inches and tested in static and impact bending with th e
concave side in tension, developed practically the same strength value s
as control pieces that had not been steamed or bent . Similar steam ben t
Sitka spruce sticks developed nearly the stress for normal wood i n
static bending but were broken with much smaller impact shocks than norma l
wood. Failures were by tension through visible compression failures tha t
had been induced in bending .

Static bending tests of white oak and Douglas fir barrel stave s
placed with the convex faces in tension developed modulus of rupture
values of 70 to 85 percent of those for normal wood .

In tests of a 2-3/4 inch square wheel rim that had been steam
bent on a form of about 49-inch diameter, a full section developed a
modulus of rupture of 8,000 pounds per square inch . Another piece of th e
same rim was hand sawed to yield two pieces each approximately one-hal f
the depth of the original section . Tests of these gave modulus o f
rupture values of 12,400 and 7,300 pounds per square inch for piece s
from the outer and inner halves, respectively, of the original piece .
Specimens from this rim were all tested with the concave face in tension .

Although these tests are only fragmentary they confirm the
expectation that the wood will be reduced in strength in accordanc e
with the amount of deformation that has been produced in bending .
Excellent service given by steam bent parts indicates that the lowere d
strength values do not destroy the usefulness of such parts .
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a number of
their adjacent

is bent
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glue and clamped t o
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1 advantages, however ,
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ii+e L tr., Ier appearance can be used for
face laminae and cheaper material for others .

Tests have shown that air-dry coniferous woods in thicknesse s
of 1/2 inch and 3/4 inch can be bent to a radius as small as g0 times
the thickness without the application of heat or moisture other than

.,though bending to such a
ly to its ultimate strength,
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e. In producing members
of a given cu ratur€ it is obviously de ei .4 e to have the laminae as
thin as is otherwise- ecanomical in o-r&e €o reduce the danger of breakage ,
increase the: "s•%r6ngt . of the mom s, and: ' k ssen the force required t o
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~ The stress induced in the individual laminae in bending has a
tendency to cause the member to St a .ighten. It would be expected ,
howeveri, that the great4w tom• number og' laminae the less straightenin g
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Curved parts commonly made by laminating include rims of
grand pianos and rims for tables having tops of circular, oval : or other
curved outlines . Seemingly there is a field for expa.ns--iom i ,taa.e.7? .'-
curved parts produced by laminating.

	

~•

that meet at an angled- such as the -s :de =

	

top rr• l
bows of an automobile body: could be replaced by a cent-Imo-lib

	

" -
piece,' Or in such an instance "fingers"' .cut .on the end of one m ttber

	

.
could be interlaced with similar fingers on the end of the othewl, .and .

-17assembly bent and glued to a curve of small radius .

	

: .

Rl03,2



0

Form

End 5/oak

	

End ,5/ock

S74/-'‘:7/9

►'f G23 R5 F

Figure 1 .--Sketch of a bending strap having ineffective
end blocks : (a) before pressure is applied ;
(b) after pressure is applied . Note how end
blocks tip over and slip off .



Figure 2 .--Sketch of a stick in process of being bent .
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Figure 3 .--A simple method of providing for automati c
regulation of end pressure .
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