
United States Patent [19] 

Okamoto et al. 

[54] NEEDLE BOARD 

[75] Inventors: Miyoshi Okamoto, Osaka; Toyohiko 
Hikota, Kyoto; Kitao Shimizu, 
Osaka, all of Japan 

[73] Assignee: Toray Industries, Inc., Tokyo, Japan 
[22] Filed: May 2, 1973 

[21] Appl. No.: 356,562 

Related US. Application Data > 

[63] Continuation of Ser. No. 116,146, Feb. l7, 1971, 
Pat. No. 3,774,273. 

[52] U.S. Cl ..................................... ........... .. 28/4 R 

[51] Int. Cl ........................ ..'. ..... ......... .. D04h 18/00 

[58] Field of Search ............................. .. 28/4 R, 4 N 

[56] References Cited 
UNlTED STATES PATENTS 

l,934,649 11/1933 Walsh ................... ..> ........... .. 28/4 R 

[11] 3,877,120 
[45] Apr. 15’, 1975 

3,464,097 9/1969 Zocher .... .f. ......................... ..28/4N 
3,680,182 8/1972 Scott ................................ .;...28/4R 

Primary Examiner-Louis K. Rimrodt 

[5 7] ABSTRACT 

A needle, needle punching machine and process are 
provided for producing a needle felted fabric that is 
useful for producing arti?cial leather. In the needled 
fabric some of the ?bers are displaced by needles and 
caused to penetrate through others of the ?bers; ‘at 
least 60 percent of the ?bers which penetrate do so 
either individually or as a group of 2 or 3 fibers. 

19 Claims, 47 Drawing Figures 
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NEEDLE BOARD 
This is a continuation of application Ser. 

116,146, filed Feb. 17, 1971, now US. Pat. 
3,774,273 granted Nov. 27, 1973. 

BACKGROUND OF THE INVENTION 

The present invention relates to a needle felted fabric 
having a homogeneous internal structure, and to the 
fabric: the method, the needle, and the needle punch 
ing machine used. In the needle felted fabric at least 60 
percent of the ?bers which penetrate the other ?bers 
do so either individually or as a group and are com 
posed of from 2 to 3 fibers. 
The needle felted fabric of the present invention can 

be used advantageously as a base for arti?cial leather 
and has other uses described in further detail hereinaf 
ter. 

In the production of conventional arti?cial leather, 
needle punched felted fabric had hitherto been used as 
a base material. it is usually produced by punching a 
random web or cross lapped web of fibers by using a 
needle punching machine wherein needles having a 
great number of barbs or having a great depth of barbs 
are fixed on a needle board, and are reciprocated back 
and forth through a mass or web of fibers to punch cer 
tain of the fibers through others. 

In such conventional needle punched fabric great 
numbers of fibers are caused to penetrate by means of 
one needle, therefore the final condition of the internal 
fibers is very random and not homogeneous. Accord 
ingly, conventional needle felted fabric can be used 
only as a base material for textiles where great uniform 
ity is not required, such as in carpets or nigs, for exam 
ple. Conventional needle felted fabric is not at all satis~ 
factory as a base material for high grade arti?cial 
leather, for example. 
As a speci?c example, when a polyurethane ?lm is 

applied to the surface of conventional needle felted 
fabric, in order to produce arti?cial leather having a 
grainy surface, the concave and convex curvatures at 
tributable to the non-uniformity of the base material 
are apparent on the grainy surface whenever a tensile 
or bending force is applied to the artificial leather. This 
is because large groups of fibers have been picked up 
by the barb of a single needle and all such ?bers cause 
to penetrate through the other ?bers as a large group. 
The large masses of such large groups cause the forma 
tion of surface irregularities on the felted product. 
Therefore, conventional artificial leather is not adapted 
for use in high quality shoes. 
Tensile and bending loads and forces are applied to 

the raw material in many ways when shoes are made, 
and it has been a technical requirement that there be 
a substantially complete elimination of the concave and 
convex curvatures normally produced on the surface of 
the artificial leather in carrying out the lasting and 
other operations in the manufacture of shoes. 
One of many ineffective proposed counter measures 

has involved coating thick porous polyurethane on the 
base material made of needle felted fabric. However, 
the thickness of the rubber film is excessive and results 
in a rubber-like touch; also it is difficult to produce a 
high-grade product. When compared with natural 
leather which is almost entirely composed of fibrous 
material, the structure and touch of the substitute are 
remarkably poor. Also, in view of the high cost of pro 
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duction, the proposed process is disadvantageous and 
the yield is quite poor. 

In accordance with another proposed method, textile 
material is adhered to a base material made of needle 
felted fabric, and porous polyurethane is coated 
thereon. However, in addition to the above mentioned 
drawbacks, the product is an arti?cial leather of high 
directional anisotropy, excessive hardness, and insuffi 
cient elongation, and the resulting artificial leather can 
not be used easily for making shoes. Also, the resulting 
shoes do not conform well to the shape of the feet, but 
cause localized rubbing and aggravation. _ 
On the other hand, concrete examples of suede arti~ 

ficial leather are referred to on pages 141 to 143 in 
“Science of New industrial Materials” (Felt and non 
woven fabric) [published by Kanehara Publishing Co., 
Ltd]. There the respective penetrating fiber groups are 
composed of a remarkably great number of ?bers per 
group, and the resulting needle felted fabric as a whole 
is composed of punched or penetrating ?bers in the 
form of local groups. This needle felted fabric is treated 
with a binder, and the surface of the treated needle 
felted fabric is subjected to a buffing treatment, such 
that the resulting nap is formed in thick, individual bun 
dles of fibers which are spaced apart from each other, 
and which do not have the appearance or quality of 
good suede leather. 

SUMMARY OF THE INVENTION 

The present invention provides needle felted ?brous 
sheets which are advantageous for producing artificial 
leathers having a velour ?nish, or a suede like finish, 
and/or a finish of a nubecula type having a uniform 
napped surface, or for producing artificial leather hav 
ing a grainy surface of excellent surface smoothness. 
An object of the present invention is to produce a nee 
dle felted fabric having a uniform penetrating fiber 
structure which overcomes the drawbacks inherent in 
conventional needled fabric used as a base material for 
arti?cial leather. 
According to the present invention, the needle felted 

fabric has the characteristic that at least 60 percent of 
the penetrating ?ber groups are composed of from 1 ‘to 
3 ?bers, in other words, either individual fibers or pairs 
or groups of three. 
The invention further relates to a felting needle hav 

ing a fiber hooking coefficient which is below 3, and 
the diameter of the lateral cross-section of the blade is 
from 0.30 to 0.54 mm, (preferably from 0.38 to 0.51 
mm). 
The invention further relates to a felting needle 

wherein the catching modulus of the fiber is below 3, 
and the lateral cross-section of the blade is substantially 
a regular triangle, and the height thereof is from 0.28 
to 0.61 mm, preferably from 0.35 to 0.56 mm. 

Further, the present invention relates to a conjugated 
needle wherein at least two felting needles, each of 
which has preferably less than three barbs, are united 
in such a manner that the interval between the points 
of the needles is from 300 to 5,000 microns, preferably 
from 900 to 3,500 microns. 

Further, the present invention relates to a needle 
punching machine which moves from 2 to 20 felting 
needles as a single bundled needle through the respec 
tive corresponding needle holes provided in the strip 
per plates and in the bed-plates, the distance between 
the outermost surface of said bundled needles and the 



3,877,120 
3 

wall surface of the corresponding needle hole is from 
0.5 to 9 mm, preferably from 2 to 5 mm. 
The felting needle of the present invention, as de 

scribed above, can be used advantageously in forming 
such a conjugated needle, and this conjugated needle 
can be used advantageously in the needle punching ma 
chine. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an outline of the side view of part of a con 
ventional needle loom; 
FIG. 2 is a side view of a conventional needle; 
FIG. 3 is an enlarged view of the barb portion of the 

needle of FIG. 2; 
FIG. 4 is a vertical cross-sectional view of conven 

tional needle felted fabric, taken as indicated by the 
lines and arrows IV-IV which appear in FIG. 1; 
FIG. 5 is a cross-sectional view of the needle felted 

fabric, taken as indicated by the lines and arrows V-V 
which appear in FIG. 4; 
FIGS. 6 (A through D) are diagrams showing various 

conditions of the needle punched ?bers in conventional 
needle felted fabric; 
FIG. 7 is a diagram showing the surface condition at 

tained when conventional needle felted fabric is pro 
cessed as a base material for arti?cial leather; 
FIG. 8 is a lateral cross-sectional diagram showing 

needle felted fabric according to the present invention; 
FIG. 9 is a lateral view of the fabric of FIG. 8; 
FIGS. 10 (A through C) are diagrams showing vari 

ous conditions of the needle punched ?bers in fabric 
according to the present invention; 
FIG. 11 is a diagram showing the surface configura 

tion attained when needled fabric according to the 
present invention is processed as the base material for 
arti?cial leather; 
FIG. 12 is a lateral cross-section of a typical “island 

s-in-a-sea" type ?lament which is preferably present in 
needled fabric according to the present invention; 
FIG. 13 is a longitudinal cross-section of the ?lament 

shown in FIG. 12; 
FIGS. 14 and 15 are lateral cross-sections of other 

embodiments of "islands-in-a-sea" type ?laments; 
FIG. 16 is a diagram showing the barb portion of a 

needle for illustrating the ?ber hooking coef?cient of 
a needle; 
FIGS. 17 through 21 are the diagrams showing side 

views of various modi?cations of the composite needle 
of the present invention; 
FIGS. 22A through J are diagrams showing lateral 

cross-sections of the shank portions of various modi? 
cations of the composite needle of the present inven 
tion; 
FIG. 23 is a diagram showing, in side elevation, a por 

tion of a needle loom provided with composite needles 
according to this invention; 
FIGS. 24 - 29 are sectional views taken internally in 

needle punching looms having conjugated needles of 
various types; 
FIGS. 30A through H are diagrams showing the 

ground plans of various shapes of needle holes pro 
vided on the stripper plate and bed plate of the needle 
loom when a composite needle of this invention is used; 
FIG. 31 is a diagram showing, in side view, a part of 

a needle loom according to the present invention; 
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4 
FIG. 32 is a ground plan showing the arrangement of 

the cranks of the needles provided on a needle board 
of a single needle loom; 
FIGS. 33 and 34 are ground plans showing arrange 

ments of the cranks of needles provided on a needle of 
a needle loom according to the present invention; 
FIGS. 35A through F are ground plans showing vari 

ous arrangements of needles and needle holes of a nee 
dle board in a needle loom according to the present in 
vention; 
FIGS. 36A and B are diagrams showing how two ar 

rangements of needles in a needle loom according to 
the present invention are carried out; 
FIGS. 37A and B are diagrams showing positional re 

lations of the cranks and barbs of the respective nee 
dles, FIG. 37A showing a conventional needle and FIG. 
31B showing a needle according to the present inven 
tion; FIG. 37C is a diagram showing side view of FIG. 
37B. 
FIGS. 38A through C are diagrams showing side 

views of various modi?cations of a blind needle used in 
a needle loom according to the present invention; 
FIG. 39 is a graph showing the relationship between 

the number of needles calculated as needle board holes 
per square centimeter and apparent density; 
FIGS. 40 — 45 are views in perspective showing vari 

ous forms of adaptors for conjugated needles according 
to this invention; and 
FIGS. 46A — 46C are cross-sectional views of needle 

shanks arranged in conjugated needles. 

PRIOR ART 

In accordance with the conventional method for pro 
ducing a needle-punched ?brous- sheet, a needle 
punching machine has been used, but it has been found 
to be not well adapted for producing needled fabrics 
economically at high yield. 
FIG. 1 is a diagram showing part of a conventional 

needle punching machine; felting needles 2 are planted 
on the needle board 1 and a board 3 is provided on the 
upper surface of needle board 1. 
The needle board 1 and the board 3 are united, and 

move up and down together under the in?uence of the 
drive of the machine (not shown). The heads of the 
needles are held between the boards 1 and 3 as the 
boards reciprocate in the directions indicated by the 
arrows (a) in FIG. 1. 
A stripper plate 5 and a bed plate 6 having needle 

holes 4 atpositions corresponding to the respective 
needles 2, and the ?brous web 7 is transferred from left 
to right (in the direction shown by arrows (b) in FIG. 
1) between the stripper plate 5 and the bed plate 6, and 
while being transferred between said stripper plate 5 
and the bed plate 6, the fibrousvweb 7 is subjected to 
needle punching by the needles 2 which are moving up 
and down. 
The felting needle 8 of FIG. 2 is composed of a crank 

9, shank 10, intermediate blade 11, blade 12 and point 
13. Barbs 14 are provided on the blade 12. The lateral 
cross-section of the blade 12 is a regular (equilateral) 
triangle. Three barbs are usually formed on each side 
of the triangle between the respective corners of said 
triangle; therefore nine bars 14 are provided on each 
needle. 
FIG. 3 is an enlarged view of atypical barb. 
When the needle moves into and through the mass of 

fibers, some of the ?bers 15 are hooked by the barbs 
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14 when the needles are transferred. and the ?bers 15 
are displaced in the direction of the thickness of the fi 
brous web 7. and are caused to penetrate through the 
spaces between the other fibers of the fibrous web 7. 
The fibers carried with said needles are called pene 

trating ?bers. 
The conventional barbs. which may be of the kick-up 

type or of the non-kick-up type. have deep and large 
throats 16, and as is shown in FIG. 3 the throat depth 
D, the throat length L and undercut angle (alpha) are 
designed in such a manner that a large number of ?bers 
15 can be hooked at once with only one barb with one 
punch ofthe needle. Generally speaking. about 5 to 16 
?bers 15 are hooked with one barb 14. 
FIG. 14 shows the vertical cross-section of a typical 

needle punched fabric produced by using a conven 
tional needle punching machine as just described. 
As is apparent from FIGS. 4 and 5, the respective 

penetrating ?ber groups 18 formed in the ?brous web 
17 with one needle. is composed of extremely large 
numbers of ?bers. and when the whole needled fabric 
is observed. the local concentration of the penetrated 
fibers is apparent. 
This is further explained in detail by taking as an ex 

ample. one tangled ?ber group, i.e.. a group of the fi 
bers penetrating with one needle. as is shown in FIGS. 
6A through D. and FIG. 7 shows the napped condition 
of a product resulting from the condition shown in 
FIGS. 4 and 5 in a product whihc was doped with an 
elastic high polymer solution. and the surface of which 
was subsequently buffed. 

In FIG. 6, the upper and lower dotted lines 19 and 20 
represent the upper and lower surfaces of the needled 
fabric respectively. FIG. 6A shows how a great number 
of fibers 21 are all together hooked, curved and bound 
by the penetration of the needle through the thickness 
of the felt. 
FIG. 6B shows the condition where. after the step of 

FIG. 6A has been completed. the ?ber bundle which 
has been curved by reason of the mechanism of the 
needle, is cut at the curved end of the bundle or the 
neighborhood thereof. 
FIG. 6C shows the condition in which a great number 

of fibers 21 are bound at various depths, each in the 
form of a local ?ber group. across the thickness of the 
felt. by the operation of a needle having multiple barbs. 
FIG. 6D shows the condition in which after the state 

shown in FIG. 6A has been formed. a typical bundled 
?ber group 18 is projected through and beyond the sur 
face of the felt by the movement of the needle. This is 
an example of remarkably poor needle punching at 
tained in accordance with the prior art. 
FIG. 7 shows the conventional needled fabric pro 

cessed as a base for artificial leather. Great numbers of 
penetrating ?bers 21 are concentrated locally as here 
tofore described. 
As described before. when ?lm is provided on the 

surface of the base material of artificial leather to pro 
duce artificial leather having a grain surface. concave 
and convex curvatures attributable to the non 
uniformity of the base material are produced on the 
surface of the grain, as heretofore discussed; conven 
tional arti?cial Ieather'is not at all adapted for artificial 
leather to be used in high grade shoes. 

DETAILED DESCRIPTION OF THE INVENTION 

On the other hand. the needled fabric of the present 
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6 
invention has no such drawback and adapts excellently 
for arti?cial leather of high grade. 
The following descriptions relate to specific forms of 

the needled fabric of this invention in accordance with 
the attached drawings. and are not intended to limit the 
scope of the invention as de?ned in the claims. 

In FIGS. 8 and 9, the ?bers 31 are the filaments 
which are associated substantially all in the same direc 
tion before they are subjected to needle punching. 
The ?bers 32 are hooked with a needle moving sub 

stantially perpendicular to the web and penetrate sub 
stantially in the perpendicular direction into the web 
which is formed of a great number of ?bers 31. Prefera 
bly. from I to 3 monofilaments are caught by each indi 
vidual needle and accordingly penetrate as a group of 
from 1 to 3 mono?laments. 

FIG. 9 is a diagram showing the lateral cross-section 
of the embodiment of FIG. 8, and shows that the pene 
trating ?bers 32 actuated by a single needle can be ob 
served predominantly as small groups of one. two or 
three ?laments injected as groups between the great 
numbers of penetrated ?bers 31. 
The number of the fibers which are inserted and pen 

etrated with a single needle are counted in accordance 
- with the following method. 

In FIGS. 10A. 10B and 10C. the upper and lower dot 
ted lines 36 and 37 show the upper and lower surfaces 
of the needled fabric. 
The cases in which monofilaments are considered to 

have been hooked and caused to penetrate with a nee 
dle are as follows: 
The case in which both ends of one ?ber 33 are al 

most horizontal on the surface of the sheet or in the 
neighborhood thereof. as is shown in FIG. 10A. and the 
fiber extends crosswise and is bent upon itself inside the 
sheet; 
The case in which one end of one fiber 34 of FIG. 

10B is positioned in the same manner as in FIG. 10A. 
but one end of said fiber 34 terminates in the sheet 
after having been bent upon itself; 
The case in which one end of one fiber 35 of FIG. 

10C is situated in somewhat the same manner as in 
FIG. 10A. but one of its ends terminates in the sheet 
without being bent back upon itself; 
The case in which any two of the conditions shown 

in FIG. 10A, B and C are simultaneously present; 
The case in which all the conditions shown in FIG. 

10A. B and C are present. 
In the case of FIGS. 10A. B and C. the number of ' 

penetrating ?bers is counted as one; the number of fi 
bers in the penetrating fiber group formed by one nee 
dle is one. 
When the conditions shown in FIGS. 10A and 10B 

are simultaneously present. or when the conditions of 
FIGS. 10A and 10C are simultaneously present. or 
when the conditions of FIGS. 10B and 10C are simulta 
neously present. and when two conditions shown by 
FIG. 10A are simultaneously present. or when two con 
ditions of FIG. 10B are simultaneously present. or 
when two conditions of FIG. 10C are simultaneously 
present, the number of penetrating ?bers is counted to. 
be two. 

In addition, when the conditions of FIGS. 10A. 10B 
and 10C are simultaneously present. the number of 
penetrating ?bers is counted to be three. 

In other combinations. counting is carried out in ac 
cordance with the method described above. 
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It will be recalled that FIG. 9 is a diagram showing a 
needled fabric according to this invention as is shown 
in FIGS. 8 and 9, which has been processed into a base 
material for arti?cial leather, and the number of pene 
trating fibers 32 formed by one needle is from i to 3, 
and therefore the nap of the needled fabric of this in 
vention is remarkably uniform without presenting the 
locally concentrated nap condition as in the conven 
tional products such as the one appearing in FIG. 7. 
The denier of the-?ber to be used in the present in 

vention is preferably from about 0.5 to 30, more prefer 
ably about 0.8 to 10. 
The staple length of the ?ber to be used in the pres 

ent invention is preferably about 15 — 120 mm, more 
preferably about 25 — 84 mm. 

As the raw material of the fiber of this invention, nat 
ural ?laments or artificial ?laments can be used, but 
more in particular, the advantageous features of the 
present invention can be attained with use of arti?cial 
?bers whose felting effect is generally inferior to natu- ’ 
ral ?bers. More in particular, ?laments of the “island 
s-in-a-sea” type are especially preferable. 
An “islands-in-a-sea” type ?lament is a ?lament 

formed from two types of high molecular weight poly 
mers; when the lateral cross-section of such ?lament is 
observed, there is a portion which forms the “sea” 
which is composed of one of these high polymers, and 
the “islands” are composed of the other polymer. The 
respective “islands” are dispersed in the “sea”, and this 
lateral cross-sectional condition is continuously present 
along the length of the filament. An “islands-in-a-sea” 
type ?lament in which the number of islands is more 
than 10 is especially preferred. 
Typical high molecular weight polymers for forming 

said “island” include polyamides, polyesters, polyole 
?ns, polyacrylonitriles or polyurethanes and such poly 
mers. Also copolymers are preferably used. The high 
polymers for forming the “sea” include polystyrene 
and copoiymers thereof, polymethylrnethacrylate and 
copolymers thereof, polyvinyl alcohol and the like. 
FIG. 12 shows the lateral cross-section of one form 

of “islands-in-a-sea” type filament, FIG. 13 shows its 
longitudinal cross-section. in FIGS. 12 and 13, the “is 
lands-in-a-sea” type ?lament 41 is composed of “sea” 
forming portion 42 and “islands” forming portions 
comprising a great number of “islands" 43 dispersed in 
said “sea” forming portion 42. The above mentioned 
condition substantially continues along the length of 
the ?lament as is shown in FIG. 13, and in this respect, 
the “islands-in-a-sea” type ?lament of this invention is 
different from the ?lament obtained by spinning a 
blend of two kinds of polymers as is generally known 
to those skilled in the art. 
On the other hand, FIG. 14 is a diagram showing an 

enlarged view of the lateral cross-section of an embodi 
ment of another “islands-in~a-sea” type ?lament. it dif 
fers from that of FIG. 12 in that the islands 43 are rela 
tively more thickly dispersed in the “sea” forming por 
tion 42 inside the ?lament 41. 

In FIG. 15 the central portion 44 of the ?lament 41 
is hollow. The reference numeral 42 shows the “sea" 
forming portion, and d3 shows the “islands”. 
The “islands-in-a~sea” type filament of FIG. 15 is es 

pecially adapted for remarkably reducing the surface 
non-uniformity similar to an “orange peel” which ap 
pears in making shoes when it is used as a base material 
for arti?cial leather. ‘ 
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8 
In addition to the above, it is possible to utilize “is 

lands-in-a-sea” type ?laments wherein the arrangement 
of the islands is changed in various ways, or the forms 
of the islands are changed in various ways, or the forms 
of the lateral cross-sections of the ?laments are 
changed in various ways. 
The “islands-in-a-sea” type ?laments can be pro 

duced in accordance with the method described in the 
speci?cation of British Pat. No. 1,171,843, or of U.S. 
Pat. No. 3,531,368, or modi?cations. ‘ I ' 

The “islands-in-a-sea” type ?laments according to 
this invention are hooked on a needle as one ?lament 
when they are subjected to the needle punching pro 
cess, and are caused to penetrate but the “island” 
forming portions are caused to remain as separate fine 
?bers by removing the “sea" forming portion of the ?l 
ament after having been incorporated into the needled 
fabric, and the “island” forming portion takes on a 
structure very similar to the collagen of natural leather. 

In an “islands-in-a-sea” type ?lament great numbers 
of line ?laments are present in one ?lament, but in 
counting the numberof ?bers present as the penetrat 
ing ?bers which are tangled according to this invention, 
the total number of “islands-in-a-sea” type ?laments is 
counted as the numberv of the penetrating ?bers. 

In producing a needled fabric according to this inven 
tion, needle punching is effected by using a felting nee 
dle having a diameter from about 0.30 to 0.54 mm, 
preferably from about 0.38 to 0.51 mm, when the lat 
eral‘cross-section of the, blade portion is circular, and 
the ?ber hooking coef?cient is below 3, or ‘by using a 
felting needle of equilateral triangle cross-section 
wherein the height or altitude of the triangle (the dis 
tance from any apex along a line perpendicular to the 
opposite base) is from about 0.28 to 0.61 mm, prefera-I 
bly from about 0.35 to 0.56 mm. 7 ' I’ _. 

The expression “fiber hooking coef?cient” as used in 
this speci?cation refers to the number of ?bers hooked 
with all the barbs whose undercut ends are positioned 
on the blade portion within 8 mm from the undercut 
end of the barb closest to the needle point of one nee 
dle, as the starting point. 
This is further explained in detail in accordance with 

the drawings. ' 
FlG. 16 is an enlarged view of the blade portion of a 

needle preferably used in this invention. When a line 54 
is drawn from the end 52 of the undercut portion of the 
barb 51 to the center line 53, the number of fibers 
within the region 55 within the space de?ned by said 
line 54 and the internal wall of the barb 51 represents 
the “fiber hooking coef?cient” of one barb 51. 
Therefore, if three barbs are provided, each having 

a booking coefficient of 1, on the blade portion of the 
needle within 8 mm from the barb closest to the needle 
point as the starting point, the ?ber hooking coef?cient 
of that needle is 3. 

In the foregoing de?nition of “?ber hooking coef? 
cient”, the angle 45°.is selected for good reason. In car 
rying out needling punching, the needle is inserted into 
the fibrous fabric at a considerable speed. As a result 
of many experiments it has been discovered and proved 
that any ?bers outside the area 55 do not take part in 
the tangling after the space 55 de?ned by said 45° line 
54 has been ?lled. 
The distance of 8 mm from the starting point has 

been selected because when ?bers are hooked on a 
barb close to the needle point, it becomes dif?cult‘for 
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a barb located far from the needle point to hook ?bers, 
and it has been found from many experiments that the 
barbs beyond 8 mm from the starting point, hardly take 
part in the needling operation at all. 
Therefore, in the actual measurement of the ?ber 

hooking coef?cient of the needle, a barb whose under 
cut end is placed within a distance of 8 mm from the 
undercut end of the barb closest to the needle point, is 
left as it is, while all the other barbs are ?lled in with 
molten metal or the like, the ?brous fabric is needle 
punched, and the number of ?bers in the resulting nee 
dled fabric (needled with one needle) is counted in ac 
cordance with the method for counting the tangled ? 
bers already explained with reference to FIG. 10. 
As a result of many experiments we have established 

that substantially the same result can be obtained by 
measuring the the fiber hooking coefficient of a needle 
by carrying out the needle punching operation without 
?lling in the other barbs with molten metal, and the lat 
ter method can be used in the interest of simplicity. 

In regard to the needle density to be adopted when 
needle punching is carried out by using the above de 
scribed needle, a needle density ranging from 200 to 
12,000 is preferable. 
When a needled fabric according to the present in 

vention is used as the base material for arti?cial 
leather, the needled fabric is dipped into an elastic high 
polymer solution and coagulated and solidi?ed. 
As examples of suitable elastic high molecular weight 

polymers, the following are listed: 
polyurethane 
natural rubber 
styrene-butadiene copolymer 
acrylonitrile-butadiene copolymer 
neoprene rubber, etc. 
Among those given above, polyurethane is prefera 

ble. 
The elastic high polymer is used in solution form by 

dissolving the elastic high polymer in an organic sol 
vent, for example N, N-dimethyl formamide, dimethyl 
sulfoxide, N, N-dimethyl acetamide, N-methyl pyrrol 
idone, tetrahydrofuran and trimethyl phosphate, or by 
dispersing the elastic high polymer in water. 
The preferable amount is from about 15 to 140 per 

cent by weight of solid portion based on the amount of 
?brous fabric. The primary Young’s modulus of the 
elastic high polymer, as measured in the form of ?lm in 
accordance with the dry or wet process, is preferably 
from about 0.09 to 3.0 kg/mm2, and more preferably 
from about 0.09 to 1.7 kglmmz. 
When polyurethane is used, after doping it is prefera 

bly coagulated in accordance with the wet process. 
In particular, it is preferable to carry out the coagula 

tion at a temperature ranging from about 0° to 40° C, 
and more preferably from about 10° to 35° C. When co 
agulation is almost finished, the coagulation should be 
terminated, and the solvent should be removed at a 
temperature from about 75° to 98° C. 
When the above mentioned “islands-in-a-sea” type 

?lament is used, after having formed the needled fab 
ric, the “sea” forming portion can be removed before 
or after the doping of the elastic high polymer solution. 
On the other hand, when the needled fabric of this 

invention is used, a base material for arti?cial leather 
having a very smooth surface is prepared when the nee 
dled fabric, doped with elastic high polymer solution in 
a pseudo-set state, is subjected to a buf?ng treatment. 
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The resulting base material for arti?cial leather is 

very useful as an arti?cial leather having a grain sur 
face, or napped surface. 

In particular, when the “islands-in-a-sea” type fila 
ment is used, the surface of the base material is very 
similar to the structure of natural leather; this makes it 
possible to produce a suede type arti?cial leather of 
high quality by buf?ng. 

In a needle punching machine the durability of the 
needle is prolonged by using a needle of the type here 
tofore described because the load applied to the needle 
is reduced. The needle bends only very slightly, and it 
is accordingly possible to carry out very regular punch 
ing process. It is possible to make the size of the needle 
punching machine larger as the load applied to the nee 
dle punching machine is reduced. Since the load is re 
duced, it is possible to plant needles on the needle 
board at a high density in terms of needles per unit of 
area. 

In carrying out punching, the cutting of ?bers is re 
duced. It is not necessary to increase‘ the depth of 
barbs, and therefore the needles can be produced eas 
ily. 
As heretofore stated, the conjugated needle is advan 

tageously used in producing the needled fibers of the 
present invention. The term “conjugated needle" 
means that at least two felting needles, each of which 
preferably has less than three barbs, are united in such 
a manner that the interval between the needle points is 
about 300 to 5,000 microns, preferably from about 900 
to 3,500 microns. 

In the conventional needle punching machine as is 
shown in FIG. 1, in order to obtain punching ef?ciency, 
the density of the needles 2 of the needle board 1 is re 
quired to be increased, and it is necessary to increase 
the number of needle holes 4 of the bed plate 6 and the 
stripper plate 5 in correspondence with the respective 
needles 2. . 

However, generally speaking, the needles are bent 
when punching is carried out, and therefore the diame 
ter of the needle holes is adjusted to be much larger 
than the diameter of the needles; therefore there is a 
restriction with respect to the hole density of the needle 
holes 4 that may be attained on the stripper plate 5 and 
the bed plate 6; when the hole density is increased be 
yond the applicable limitation, the bending of the 
plates 5 and 6 becomes pronounced. 
On the other hand, when the needle density of the 

needle board 1 is increased, the adjustment of needles 
becomes very dif?cult, which is considered to be a 
drawback. ' 

In addition, in the conventional needle punching ma 
chine, great numbers of barbs are provided on one nee 
dle, and therefore great numbers of fibers are concen 
trated and caused to penetrate at one place in one 
punching operation. 
The number of felting needles forming a conjugated 

needle according to the present invention is preferably 
from about 2 to 7, and in particular, from 2 to 4. 
However, when the depth of the barbs is selected 

within the range about which it is described hereinaf 
ter, more than 8 felting needles can be used. 
When the internal space between needle points goes 

beyond 5 ,000 microns, a marked deterioration of nee 
dle punching efficiency is noted. When such space goes 
below 300 microns, the effect attained by conjugating 
a plural number of needles is reduced, and undesirable 
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needle marks are left on the needled fabric, and the 
breakdown of needles becomes pronounced. 
FIG. 17 shows conjugated felting needle; the ele 

ments 61 are blades and 62 are the'barbs. 
In the conjugated felting needle of FIG. 17, three 

needles are united into one shank 63 at‘the upper por 
tions of the needles; a “conjugated” needle as referred 
to in the speci?cation of this invention is a needle hav 
ing at least two blades 61 on one shank 63. 
FIG. 22B is a diagram showing the cross-section 

across the line XII-XII in FIG. 17. 64 is the root of 
each needle and 63 is the shank formed with synthetic 
resin or welded metal for holding the needles and ?xing 
them in position. 

It is, of course, possible to ?x the needles directly into 
one by means of welding, in the case of needles whose 
shank is quite thick. 
Barbs 62 are provided on the blade portion, and the 

ends of the needles are sharpened in the form of a ball 
point, round point or heavy point. 

In the conjugated felting needle of the present inven 
tion, the throat depth of the barbs is from about 20 to 
100p, preferably from about 20 to 65p, and in regard 
to the uni?cation of needles, it is not necessary to unite 
the needles in parallel; a predetermined angle may be 
used such as the relative angle of 1 10°. 
When the needles are united at a predetermined an 

gle, the needle felted condition of the ?bers formed by 
punching becomes random, and in view of the desire 
for uniformity of the felt, preferable results are ob 
tained. 
On the other hand, it is also preferable that the nee 

dles be united at a predetermined angle, from the view 
point of the production rate of the felting needles. 
On the other hand, the uni?cation of the needles is 

not restricted if suf?cient durability and strength 
should be built into the conjugated felting needle so 
that‘ it can be used without fear of being broken in the 
needle punching operation. 
FIGS. 18 to 20 are diagrams showing various embodi 

ments wherein two needles 65 are united with synthetic 
resin or molten metal (inclusive of welding) to form a 
shank, and FIG. 21 is a diagram showing an embodi 
ment in which three needles 65 are united similarly to 
form a shank 63. 
The respective conjugated felting needles shown in 

FIGS. 17 through 21 have different forms of cranks 66, 
and in the diagrams FIG. 18 and FIG. 20, the latter con 
jugated felting needles have intermediate blades 67 
which is a difference from the former embodiments. 
FIGS. 22A through J are the lateral cross-sections of 

shank 63 of various form of conjugated felting needles, 
and the arrangement of needles 64 is explained by tak 
ing examples in which from 2 to 7 needles are provided. 
FIG. 23 is a diagram showing how conjugated felting 

needles are provided on a needle punching machine. In 
FIG. 23, 71 is the portion where needle board is ?xed 
which moves up and down. 72 is the needle board, and 
73 is a conjugated needle. 74 is the stripper plate, and 
75 is the bed plate. 

In other words, one conjugated needle is provided on 
one hole in the needle board 72, i.e. the‘ hole of one 
conventional needle, and no special change is required, 
except that the diameter of the holes of the conven 
tional needle board or plate is more or less increased. 
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It is an important characteristic that a great number 

of needle points pass through one hole of‘ the stripper 
plate'and the bed plate. 
FIG. 30 shows many embodiments of the form of the 

holes 76 and 77 provided on the stripper plate 74 and 
the bed plate 75. Most commonly, the form of the holes 
is circular. ‘ ’ 

Most preferably one ‘barb is provided per needle. In 
addition, barbs which do not hook too many ?bers, in 
particular barbs of small depth, are preferable. 

In regard to the thickness of the blade portion, the 
height of the cross-section should be preferably from 
about 0.28 to about 0.66 mm, preferably from about 
0.28 to about 0.6l mm because the cross-section is 
generally a regular or equilateral triangle. 
When the thickness of the'blade is within the above 

speci?ed range, it‘ is most preferable to use a ?ber 
which has preferably from about 0.5 to about 30 de 
nier, more preferably from about 0.8 to about 10 de 
nier with a conjugated felting needle. 
For this purpose, as mentioned above, the throat 

depth of the barbsshould be preferably below 100 mi 
crons, or more preferably below 65 microns, so that 
uniform needling can be attained. 

Preferably, the direction of the barbs of the needle 
should be perpendicular to the direction in which the 
fibers of the web are arranged. Also, it is preferable to 
locate the barbs to the outside when there are many 
needles closely spaced, in view of the close relationship 
between the needles. 
Even if we use the same total number of barbs (as 

suming that the forms of the barbs are the same) on one 
conjugated felting needle of this invention as compared 
to the use of conventional needles, the features and ef 
fects are remarkably different. - 
For example, when conventional felting needles are 

used, each of the ?bers forming the felt, i.e., each of the 
?bers forming the web, is at one displaced in the longi 
tudinal direction by the barbs, since the ?bers hooked 
by the respective barbs are concentrated into one nee 
dle, while when the conjugated felting needle of the 
present invention is used, the ?bers are dispersed be 
cause the needle is conjugated, and therefore there is 
almost no danger of the ?bers being concentrated into 
one pin hole; because “n” number of needle points are 
respectively injected into “n” number of different 
places. Therefore, uniform-and excellently needled felt 
can be obtained. ' 

When a conventional felting needle is used, the stress 
given to each barb when punching is carried out, one 
blade must receive the stress, but when the conjugated 
felting needle of the present invention is used, the given 
stress is dispersed as the‘barbs are dispersed in the re 
spective blades, and therefore the frequency of binding 
or breakage of needles can be reduced by that much. 
Conjugated needles are also advantageous because 

the whole needle is thick, and therefore the removal of 
the needle can be easily carried out. 
One conjugated needle is uni?ed with plastic, and 

therefore the production of the needle is simpli?ed. 
When punching is carried out by using a conjugated 

felting needle of the present invention, the needle 
punching efficiency is high'because the number of nee 

' dle points is great (or because the needle is injected in 
such a state that the web is being pressed). 
The needle of the present invention is effective espe 

cially for needle punching of the “islands-in-a-sea” 
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type ?lament, and in particular, when the “sea” com 
ponent is a vinyl type polymer such as polystyrene, a 
copolymer of styrene and acrylonitrile, or a copolymer 
of styrene and methylmethacrylate. 
The depth and the position of the barb at the needle 

in the present invention have no relation to the needle, 
and the thickness of blade can be different. 
When a conjugated needle according to the present 

invention is adapted for the ?rst punch wherein the 
handling of a web sheet is dif?cult, the felt can be 
bound together to a considerable degree by one punch, 
and the punching efficiency from the second punching 
on can be improved. 
When the second punch is carried out after having 

wound up the felt having been subjected to the ?rst 
punch, or when a felt having been subjected to the first 
punch is used along with other felt by overlapping the 
same, the effect of the present invention is remarkably 
presented. 
Therefore, the random state of felt can be reduced, 

and the quality of the felt can be improved, and the 
punching machine can be effectively used according to 
this invention. 
FIG. 24 shows a needle punching loom having two 

needle boards 71, 71 each carrying conjugated needles 
73, 73 having three needles. The stripper plate 74 and 
the bed plate 75 retain the ?bers as they move between 
them and both sets of needle boards and needles are 
caused to reciprocate into and out of the felted ?bers; 
when one set of needles is in, the other set is out. The 
opposed needles move through opposed holes in the 
boards 74, 75. 

In FIG. 25, the conjugated needles are staggered so 
the needles of one board pass through holes that are 
spaced between the holes penetrated by the needles of 
the other needle board 71. 
FIG. 26 is the same as FIG. 25 except that a single 

shafted needle opposes each conjugated needle, as 
shown. 

In FIG. 27 the upper needle board 71 has conjugated 
needles composed of three shafts of varying lengths; 
the opposed needle board 71 has conjugated needles 
composed of two shafts of varying lengths, the shorter 
length shafts arranged in opposition to the longer 
length shafts of the opposing conjugated needle. 

In FIG. 28 the arrangement is similar to FIG. 25 ex 
cept that the staggered needles are single-shaft needles 
instead of conjugated and the needle boards do not re 
ciprocate; the fiber retaining plates 74, 75 are instead 
reciprocated toward and away from the needle boards. 

In FIG. 29 the arrangement is essentially the same as 
FIG. 27 except that the lengths of the needle shafts is 
uniform and the needle boards do not reciprocate; the 
?ber retaining plates 74, 75 are instead reciprocated 
toward and away from the needle boards. 

In the needle punching machine, the distance be 
tween the outermost side of the bundled needle and the 
wall surface of the needle holes is from about 2 to 5 mm 
in transferring from 2 to 20 felting needles as one bun 
dled needle through the respective needle holes pro 
vided in correspondence to the stripper plate and bed 
plate. 
As one of the drawbacks of the conventional needle 

punching machine, the cycle of the needle punch is 500 
punches/min as a normal running condition, and at the 
fastest it is 1200 punches/min, which is considered to 
be the upper limit. 
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Therefore, even if the density of punching should be 

desired to be increased, there is a natural restriction. 
After one attempt made in the prior art to increase 

density of punching, the clear traces of the needles 
were left on the needled fabric. As results of the second 
and third attempt, a great number of ?bers were con 
centrated to be penetrated at one place by one penetra 
tion of the needles, and therefore the needled fabric as 
sumed a remarkably non-uniform structure. 
As a result of the fourth attempt, the strength of strip 

per plate and bed plate was deteriorated, and there was 
a limitation to the increase of the density of needles. 
Also, it was very dif?cult to repair the needles, and 
other like drawbacks were encountered. 
Therefore, it has been desired to develop a needle 

punching machine capable of accurately producing a 
needled fabric having a uniform structure at high ef? 
ciency. 
The needle punching machine which is described in 

the following paragraphs overcomes the above men 
tioned problems. 
The ?ber needling loom of FIG. 31 is a completely 

new one which cannot be arrived at from the prior art, 
and is a needle punching machine having a great num 
ber of sets of holes each of which is made of three holes 
84, 85 and 86 respectively through the needle board 
81, the stripper plate 82 and the bed plate 83. From 2 
to 20 felting needles 87 are provided for each hole 84 
of the needle board. The cross-sectional area of the 
shank portion of the conjugate needle is larger than the 
cross-sectional area of the blade portion. The holes 84 
?t close to the shank portion in such a manner that a 
space is provided between the peripheries of the holes 
85 and 86 and the needles. - 

In FIG. 31, three felting needles 87 are provided f0 
each hole 84 of the needle board 81. 
The hole 85 provided on the stripper plate as is 

shown by 82 in FIG. 31, is not composed of three holes 
but is one hole, and it is noteworthy that said hole is a 
little larger than the hole of prior art. 

In other words, the diameter of the hole 85 is not n 
times larger than the diameter of the hole of the prior 
art, but the diameter of the hole 85 is very slightly 
larger than the diameter of the hole of the prior art, and 
it is a remarkable characteristic of the embodiment of 
FIG. 31 that it is not necessary to provide a hole whose 
diameter is n times larger than the diameter of the hole 
of the prior art. 

In accordance with the prior art, it is a general prac 
tice to provide a needle hole with suf?cient allowance 
of space between the needle hole and the needle. This 
allowance is necessary to provide for lack of processing 
precision and for insertion operability, and to provide 
for allowance for needle bending. If there is no such al 
lowance in the diameter of the needle hole, there is no 
practical value in the device from the industrial point 
of view. However, according to the present invention 
it has been found that when more than n needles are 
bundled in one hole, almost n times more industrial 
value can be obtained only by increasing the diameter 
of the hole slightly more than the diameter of the con 
ventional hole. 
On the other hand, it is not necessary to provide the 

same number of holes as the number of the needles, but 
the production of stripper plate and bed plate can be 
easily carried out; as a remarkable advantage, sufficient 
strength remains in the plate and bed in spite of the 
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danger predicted because of the radical increase of the 
number of needles. 

It has been found that when a plural number of nee 
dles are closely planted on shank, the practical value 
thereof can be remarkably improved contrary to the 
predicted danger that ?bers would become clogged be 
tween blades particularly during and after the primary 
stage of needle punching on a ?ber web. 
The felting needle to be used in the present invention 

has a shank portion whose cross-sectional area is larger 
than the cross-sectional area of the blade portion. 

In other words, it is preferable that the thickness of 
the shank portion be greater than that of the blade por 
tion. 

It is preferable that the value of 

Thickness of shank 

Thickness of blade 

should be greater than one, and more in particular, it 
is preferable that the number of needles to be planted 
in one hole should be greater than one. 
The reason for this is that the formation of tangled 

?ber ?ux in the form of local bundles can be prevented 
thereby, and the uniformity of the needled structure 
can be attained thereby. 

It is also preferable that the throat depth of the barbs 
of the felting needle should be from about 20 to 70p, 
and more in particular it should be from about 20 to 
55p. when the number of needles to be bundled is more 
than three. 
When the throat depth is too large, the needles bend 

easily and tangled fiber ?ux can be formed as bundles, 
and the surface smoothness of the felt is decreased. 
Also, the needle traces and punching irregularity be 
come pronounced; therefore it is not preferable that 
the throat depth should be too large. On the other 
hand, when the throat depth is too small, the needle 
punching effect becomes poor. 

In regard to the thickness of the needles, the needles 
whose JIS numbers range from No. 28 to No. 46, are 
most preferably used, and more in particular No. 34 
-No. 44. 
When the number of needles to be planted in one 

hole of the needle board is more than 20, the web is 
pressed with too much concentration, and therefore 
?ber flux can be formed as bundles and a felt whose in 
terlayer structure becomes non-uniform is apt to be 
produced. At the same time, the needle traces become 
too prominent. At the same time, when a great number 
of needles are inserted into one hole, the ?xation of the 
needles becomes insufficient. Therefore, it is not pref 
erable to provide more than 20 needles in one hole of 
the needle board. ' 

It is preferable that the distance between the needles 
and the outer periphery of the hole when the needle is 
inserted most deeply, i.e., the interval between the out 
ermost needles bundled with shanks contacted against 
each other and the stripper plate as well as the bed 
plate, should be from about 0.5 to about 9 mm, prefera 
bly from about 2 to about 5 mm, and more preferably 
from about 2.5 to 4 mm. 

In the above mentioned case, when the distance is 
less than 0.5 mm, the operation for attaching needles 
onto the needle board becomes dif?cult, and when the 
needles are bent slightly, they break easily. When the 
distance is more than 9 mm, the needle density is hard 
to increase and the strength of the respective plates is 
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lowered; at the same time, the ?bers tend to accumu 
late between needles during the primary stage of needle 
punching, making it dif?cult to produce a beautiful 
smooth felt surface. At the same'time punching effi 
ciency is likely to be lowered. Therefore it is not prefer 
able to make the distance more than 9 mm. 

In accordance with the present invention, the manner 
of planting or arranging the felting needles onto the 
needle board is important. 

In FIG. 32 the arrangement of the needles 92 of the 
prior art is such that the needles are planted on the nee 
dle board 93 of the conventional ?ber needling loom. 
The crank portions 91 of the needles are observed from 
the needle ends. 
On the other hand, FIGS. 33 and 34 show the ar 

rangement of the crank portion 95 of the needle board 
94 in the needle loom of the present invention. In FIG. 
33 an embodiment having three needles is‘ shown. In 
FIG. 34 an embodiment in which seven needles are 
planted in a common shank is shown. 

In FIG. 34 the crank portion of the central needle 
only is not shown, and the reason for ths is explained 
hereinafter. 
The con?guration of needles on the needle board in 

the needle punching machine of the present invention 
is explained in the following paragraphs in accordance 
with FIG. 35. 
FIG. 35 is a diagram showing the relation between 

the needle hole 84 viewed across the line 
XXXV-XXXV of FIG. 31 and the needle 87, i.e., the 
manner in which the needles are planted on the needle 
board. 
FIG. 35A shows the arrangement of three needles, 

and FIG. 35B shows an arrangement of seven needles 
in a common shank. 
The arrangements of three needles and seven needles 

are the most preferable embodiments of the present in 
vention. 

In addition to the above, the arrangements of four 
needles, six needles, two needles, and 11 needles are 
shown by FIGS. 35C, 35D, 35E and 35F; these are also 
preferred embodiments of the present invention. 

In FIG. 35A three needles 87, 88 and 89 are planted 
at the maximum density. FIGS. 358 through 35F show 
similar embodiments, but the embodiments of FIGS. 
35A and 35B are the most preferable because the nee 
dles are excellently ?xed. 

In the cases such as FIG. 35D and FIG. 35F, it is nec 
essary to provide needles of different thickness. 

It is a matter of course that in accordance with the 
present invention it is possible to provide needles of dif 
ferent thickness or length, and that it is possible to 
plant different numbers of needles for the respective 
needle holes. 
The hole 84 of the needle board is not required to be 

circular by any means, but it can have rectangular, slit 
like, oval, or petal form. 

In addition, in accordance with the present invention, 
it is possible to plant needles by using blind needles 
along with the needles as is explained hereinafter. 

In the cases shown by FIGS. 35B, 35D and 35F, the 
blind needle plays an important role, and in particular, 
it has an important relation to the crank. 
Next, the felting needle and the arrangement of said 

felting needle on the needle board in the needle punch 
ing machine of the present invention, are explained in 
further detail in the following paragraphs. 
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For the sake of convenience, reference is made to a 
barb, but the same thing can be said about a needle 
having a plural number of barbs. 
When three needles are planted as is shown in FIG. 

35A, the arrangement of needles having a crank por 
tion is not always the same. 
FIGS. 36A and B show different arrangements of 

three needles in which the relation between the crank 
portions of the needles and the direction of the barbs 
is shown as is observed from the needle ends. 
The reference numerial 95 in the diagrams FIGS. 

36A and B shows the crank, and the dotted circle 84 
shows the hole in the needle board. The circle 97 shows 
the shank and 98 shows the blade. 
FIGS. 36A and B show embodiments in which three 

needles are planted but the directions of the cranks are 
different. 
This can be determined by the direction in which the 

barbs are placed. 
In accordance with the results obtained by the inven 

tors of the present invention, when a plural number of 
needles each of which has one barb are planted by bun 
dling the same, the punching efficiency is high when all 
the barbs face toward the outside and this has a ten 
dency toward production of uniform felt. 
Almost all the felting needles which are commer 

cially distributed on the market are those of the stan 
dard type as is shown in FIG. 37A in which the direc 
tions of the respective tops of the triangular cross 
section of the blade which is called the standard type 
as is shown in FIG. 37A. The embodiment of FIG. 378 
has no such a relation. FIG. 37C is a diagram showing 
side view of FIG. 378. 
When the end of the needle is directed toward the 

eye, and when the needle is observed right from the 
above, it appears as is shown in FIG. 37A. 
When the center line of the needle is made the ful 

crum, and the direction of the crank is made 0°, the di 
rections of the respective corners of the triangular 
cross-section of the blade are 60°, 300° and 180°, and 
generally they are called the ?rst row, the second row 
and the third row. 

In the conventional needle, when only one barb is 
provided, said barb is present on the ?rst row or the 
second row, but in most cases the barb is present on the 
third row. 
When the needle is planted by turning the crank as 

is shown in FIG. 33 or FIG. 34, the barbs are all turned 
inside. 
Therefore, in order to turn the barb outside, it is nec 

essary to plant the needle in such a manner that the 
needle with the barb on the second row is slightly 
twisted as is shown in FIG. 36A, and this has been 
found out for the ?rst time as a result of the researches 
of the inventors of the present invention. 
From the above mentioned standpoint, the needle 

composed of the crank portion as is shown in FIG. 37 B, 
and the blade portion is important. 
Namely, when the direction of the barb is turned in 

the same direction as the crank, i.e., at 0°, the barb can 
be turned outside in all the cases as is shown in FIGS. 
33, 34 and 35. 
When the barb is turned in the direction of 0° in FIG. 

368 as mentioned above, it is not necessary to plant the 
needle at the twisted position as is shown in FIG. 36A. 

In this sense, the needle of the type of FIG. 37B is the 
most appropriate felting needle for carrying out the 

5 

25 

35 

45 

55 

60 

18 
method of the present invention, and in addition, it is 
quite a new needle which cannot be compared with 
conventional needles. 
The felting needle of low throat depth which has a 

low ?ber hooking coef?cient, is very effective in view 
of the fact that the needled felt produced has uniform 
ity of fiber needling; the reason for this is that the fibers 
are not hooked in the form of large bundles. 
When a felting needle having a number of barbs is 

used, or when it has large barbs, large numbers of ?bers 
are collected in the same needle hole in the form of a 
bundle; therefore it is impossible to produce a uniform 
and excellent needled structure in the felt. 
From this standpoint, it is preferable that the distance 

between barbs of the needle be as large as possible, as 
in the present invention. 
When comparison is made between a ?rst case in 

which the needle has a barb on the third row, as is 
shown in FIG. 33, and a second case when the needle 
has a barb at the 0° position and is provided as in FIG. 
33, the distance between barbs is greater in the second 
case. The arrangement of the second case is effective 
and no local bundle formations are produced; punching 
ef?ciency is higher in the second case as mentioned be 
fore. 
FIG. 38 is a side view of a blind needle 99 which is 

useful in the present invention. A blind needle, as the 
term is used in connection with this invention, is a con 
ventional felting needle having no blade portion and no 
intermediate blade portion. In other words, in the con 
ventional felting needle as is shown in FIG. 2, the inter 
mediate blade 11 and the blade 12 are not provided in 
a blind needle. 
FIG. 38A shows a blind needle produced from a con 

ventional needle, FIG. 388 shows a pin type blind nee 
dle, or T type blind needle, while FIG. 38C shows a pin 
type blind needle whose shank 99 is unusually thick. 
The characteristic of the blind needle of FIG. 38A is . 

that a defective needle whose blade portion is broken 
can be effectively used. . - 

The blind needle of FIG. 38B is effective as a center 
needle as in the case of FIG. 358. 
Of course, in the case of FIG. 358, if the same needle 

is used, it is not necessary to use such a blind needle as 
is shown in FIG. 38B when the plate with holes is 
placed on six needles on the outer periphery, and by 
planting the central needle. 
The blind needle has no blade portion with barb, and 

therefore it does not take part in the punching directly. 
However, as is shown inv FIG. 35, when a plural num 

ber of needles are bundled and provided in one hole, 
the ?xation of needles can be made stable by placing 
a blind needle in the center thereof, and at the same 
time as the secondary effect, the blind needle can per 
form the role of preventing the formation of ?ber flux 
needed in the form of a bundle, when needle punching 
is carried out. 

It is preferable that the felting needle should be pro 
vided perpendicularly and uniformly in relation to the 
direction in which felt proceeds. 
Therefore, it is preferred to provide the felting needle 

in a slit form, one-row arrangement, or a rectangular 
arrangement perpendicularly against the direction in 
which felt proceeds, rather than a circular arrange 
ment. 

It is preferable to bundle the needles in such a man 
ner that the needles can be arranged in the lateral di 
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rection as uniformly as possible by utilizing the blind 
needle as effectively as possible even in the case of a 
circular needle hole. 
As ?bers to be used in practicing the present inven 

tion, conventional ordinary or highly shrinkable polyes 
ters, polyamides, polypropylenes and such synthetic ? 
bers, or natural ?bers such as cotton, wool or rayon, 
can be used in the present invention. In addition to 
those given above, the aforementioned “islands-in-a 
sea" type ?lament is preferably used in practicing this 
invention. 
The ?bers mentioned above are formed into a ?ber 

web by means of a typical carding machine or cross 
lapper and the ?ber web is subjected to the needle 
punching operation by using a needle punching ma 
chine of the present invention. 

In carrying out the needle punching by using the nee 
dle punching machine of the present invention, when 
the number of needles to be planted on the needle 
board is great, or when the punch number is small, the 
felt takes on a non-uniform structure, but when the 
punch number is increased, the felt structure becomes 
uniform. 
Therefore, as conditions for needle punching, the 

needle density is 1,500/cm2 or above, or more prefera 
bly above 3,00O/cm2. 
On the other hand, needle punching should be car 

ried out with a large number of needles after having 
carried out needle punching with a lesser number of 
needles, and a uniformly needled structure can be thus 
obtained. 
And needle punching may be carried out with a con 

jugated felting needle having alesser number of nee 
dles after having carried out needle punching witha 
conjugated felting needle having a large number of nee 
dles. 

In the present invention, after needle punching has 
been carried out with the conjugated felting needle, 
subsequently needle punching may be also carried out 
with a needle having 1-9 barbs, preferably l-3 barbs. 
On the other hand, when ?nishing punching is car 

ried out with a lesser number of needles, the same ef 
fect can be obtained. 
The surface of a needled fabric obtained by using a 

needle punching loom of the present invention is excel 
lently uniform, and therefore it is preferable in provid 
ing slices for subsequent fabrication. 
The effects and features of the needles arranged in a 

plurality number of bundles to be provided on one hole 
of the needle board in the needle punching machine, 
and the conventional needles each of which has one 
barb, are remarkably different even if the total number 
of barbs should be the same. 
For example, (a) in accordance with the present in 

vention, a plural number of needle ends are injected at 
respectively different places of the ?ber web, and 
therefore a felt of more uniform needled structure than 
the prior art can be obtained, (b) in accordance with 
the prior art, the stress applied at the time of punching 
is applied to one blade, but in accordance with the 
present invention, the stress is dispersed through a plu 
rality of blades, and the breakage of needles and the 
bending of needles may be reduced signi?cantly, (c) it 
is possible to change the broken needle alone if the 
needle should be broken, and if the blade portion 
should be broken it can be used as a blind needle, (d) 
needling punching ef?ciency is high because the num 
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her of needle ends at the time of punching is great, and 
(e) the needle punching machine of the present inven 
tion is especially effective for needle punching of a web 
made of the above mentioned “island-in-a-sea” type 
filament, and in particular, the needle punching ma 
chine is effective when the sea portion thereof is com 
posed of a vinyl type polymer such as polystyrene, a co 
polymer of styrene and acrylonitrile, or a copolymer of 
styrene and methylmethacrylate. 
The following are examples to illustrate the present 

invention further. 

EXAMPLE 1 

A crimp of 15 to 10 crimps per inch was applied to 
an “islands-in-a-sea” type ?lament of 4.5 denier 
wherein the island portion thereof was composed of 
polyethylene terephthlate (the number of islands was 
16), and the sea portion thereof was composed of poly 
styrene (prepared by adding polyethylene glycol), and 
the ratio of sea portion to island portion was 50:50, and 
the ?lament was cut into 49 mm staple. The staple thus 
obtained was subjected to opening, and the opened sta 
ple was passed to a carding machine, and then made 
into web of sheet-like formation by using a cross lap 
per. 
The sheet form web thus obtained was subjected to 

a needle punching machine, and then ?nishing into a 
needled felt or mat. 
The needle which was used in this example was pro 

vided with one barb, and the needle having a blade 
whose cross-sectional height (altitude) was from 
04826100254 mm, was processed with a dead 
smooth cut ?le so that the needle had the ability to 
hook one ?ber on the average, and the needled felt ob 
tained had a structure composed of one needled ?ber 
or ?ber ?ux on the average. 
The con?rmation of the ?ber hooking coef?cient of 

the needle was carried out by pressing the web with a 
coarse metal net, and the needle was injected deeply 
twenty times into the different net-eyes in the punching 
state. 
For the sake of comparison, three kinds of needles 

were used, and needle punching was carried out on a 
web made of the same “island-in-a-sea” type ?laments 
as above, and felt A, felt B and felt C were produced. 
A: The needle having 9 barbs, and the cross-sectional 

height or altitude of the triangle was the same as in this 
example: the needle had the ability ot hook more than 

_ 15 ?bers per single injection (the needle corresponds 
to the commercially distributed‘ No. 40 needle). B: 
Needle having one barb with a blade whose cross 
sectional height was 0.65:0.01 mm, the needle had the 
ability to hook from 8 to 14 ?bers of the same kind at 
once. 

C: The needle of B was processed so that only from 
1 to 3 ?bers could be hooked upon one single injection 
into the web. 
The ?ber web waspunched suf?ciently to make the 

apparent density of the felt above 0.15 g/cm"; the prod 
uct of the present invention required at least 5,000 nee 
dle punches per square centimeter (punching number). 
In the case of felt A, a punching number of at least 
800/cm2 was required, and in the case of felt B, at least 
1200/cm2 of punching number, was required. 
When the resulting felts were compared, in the case 

of felt B and felt C, needle traces were very noticeable, 
and it has been found that when the needle is too thick 
















