
TECHNICAL REPORT ARCCB-TR-89032

CALCULA TIONS OF BRAIDING PARAMETERS

o0
(o PHILIP C. WHEELER

DTICSELECTE
JAN19 1990

NOVEMBER 1989 D

US ARMY ARMAMENT RESEARCH.
DEVELOPMENT AND ENGINEERING CENTER

CLOSE COMBAT ARMAMENTS CENTER
BENET LABORATORIES

WATERVLIET, N.Y. 12189-4050

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED

90 01 17 074



DISCLAIMER

The finuings in this report are not to be construed as an official

Department of the Army position unless so designated by other authorized

documents.

The use of trade name(s) and/or manufacturer(s) does not constitute

an official indorsement or approval.

DESTRUCTION NOTICE

For classified documents, follow the procedures in DoD 520C.22-M,

Industrial Security Manual, Section 11-19 or DoD 5200.I-R, Information

Security Program Regulation, Chapter IX.

For unclassified, limited documents, destroy by any method that will

prevent disclosure of contents or reconstruction of the document.

For unclassified, unlimited documents, destroy when the report is

no longer needed. Do not return it to the originator.



SECURITY CLASSIFICATION OF THIS PAGI (When Data Entered)

REPORT DOCUMENTATION PAGE READ ISTRUCTIONSBEFORE COMPL ETIG FORM
I. REPORT NUMBER 12. GOVT ACCESSION NO3. RECIPIENT'S CATALOG NUMBER

AMCCB-TR-89032 L
4. TITLE (andSubtitla) S. TYPE OF REPORT & PERIOD COVERED

CALCULATIONS OF BRAIDING PARAMETERS Final

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(a) 8. CONTRACT OR GRANT NUMBER(.)

Philip C. Wheeler

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT. TASK

AREA 4 WORK UNIT NUMBERS

U.S. Army ARDEC AMCMS No. 6111.02.14610.011

Benet Laboratories, SMCAR-CCB-TL PRON No. 1A92Z9CANMSC

Watervliet, NY 12189-4050
It, CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

U.S. Army ARDEC November 1989
Close Combat Armaments Center 12, NUMBER OF PAGES

Picatinny Arsenal, NJ. 07806-5000 16
14. MONITORING AGENCY NAME & ADDRESS(If dliferent from CoAtrolliln Oll•*a) 15, SECURITY CLASS. (of thil trpoft)

UNCLASSIFIED
1Sa. DECLASSI FICATION/DOWNGRAD!NG

SCHEDULE

1g, OISTRIBUTYON STATCtACNT (,)I this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstact e.tered In Block 20, It different trom Report)

Il. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue oan revere aids It nacedanr end Identify by block numbet)

Braiding
Composite
Resin Applicator System
Fiber-Volume Fraction

2Q. A3T'R ACT Coath m rewav. &is& It na.EU7 m Idemiltr by block nmabo.)

Braiding is a process in which fibrous strands of m.terial are interlocked and
precisely placed onto a mandrel. Resin may be applied to the fibers prior to
placement onto the mandrel through a resin applicator.

Certain parameters aze needed in the braiding process for the operator to
fabricate an item displaying specific properties. Some of these parameters are
braider speed, mandrel traverse rate, and volume flow rate of the resin and

(CONT.D ON REVERSE)

D os 1473 EDITION OF NOV 61 IS O0SOLETE Cr C jANL"rA C UNCLASSIFIED
SECURITY CLASIF'ICATION OF Tmis PAGE• (W'tmm Data Entered)



SECURITY CLASSIFICATION OF THIS PAOE(Whna Data Antend)

20. ABSTRACT (CONT'D)

the fiber onto a mandrel.

Descriptions and calculations of these parameters are covered in this
report.

UNCLASSIFIED

SECUIfITY CLASSIFICATION OF THIS PAGE(When Data Entered)



TABLE OF CONTENTS aaqe

INTRODUCTION .................................................................. 1

CALCULATION OF BRAIDER SPEEDS .. .............................................. 1

CALCULATION OF THE RESIN FLOW RATES FOR A FULLY
COVERED MANDREL ............................................................... 3

CALCULATION OF THE RESIN FLOW RATES FOR A PARTIALLY
COVERED MANDREL ............................................................... 9

REFERENCES .. ................................................................. 11

.TABLES

I. BRAIDER DASHPOT SETTINGS VERSUS BRAIDER SPEED ............................ 2

LIST OF ILLUSTRATIONS

1. 144 carrier braiding machine ........................................... 12

2. Graph of revolutions per minute versus braider dashpot
setting ................................................................ 13

3. Illustration of single fiber wrapped around mandrel .................... 14

4. Illustration of braid weave produced by four
strands of yarn ....................................... ................ 15

Accession For

NTIS GRA&I
DTI TAB 03
Unran•oowcod 0

Dis trIbut o1/

Availability Codes

.. Avail anrkd/or
Diast Speoial



INTRODUCTION

__ The New England Butt*, 144 carrier braiding machine is designed to braid

(knit) fibrous material into cylindrical, but not necessarily symmetric, shapes

over a mandrel form. The braiding machine is capable of applying 144 continuous

strands of material simultaneously onto a mandrel as well as 72 longitudinal

strands to give lateral strength to the component. As the 144 strands of fiber

are being applied to the mandrel, each fiber is coated with a specific amount of

resin from a resin applicator. The resin applicator is an added piece of hard-

ware to the braiding machine and was fabricated by U.S. Composites
(4-.

Corporation.** Coating of the fibers with wet resin occurs just prior to the

fibers being applied to the mandrel.) For more information on braiding, see

Reference 1, and for more information on the resin applicator, see Reference 2.

..... During the braiding operation, the braiding machine remains stationary

while a mandrel form is traversed horizontally in and out of the center of the

braider's braid ring to apply layers of composite material to the mandrel's sur-

face.

This report addresses some of the braiding parameters such as braider

speed, mandrel traverse rate, fiber flow rates, and resin flow rates onto a

mandrel during the braiding process. ,. ,.

CALCULATION OF BRAIDER SPEEDS

Listed in Table I are dashpot settings for the New England Butt 144 carrier

braiding machine versus the revolutions of carriers around the braider carrier

ring.

*New England Butt Company, 1211 High Street, Central Falls, RI 02863.
**U.S. Composites Corporation, Rensselaer Technology Park, 105 Jordan Road,

Troy, NY 12180.



TABLE I. BRAIDER DASHPOT SETTINGS VERSUS BRAIDER SPEED

lime Per Two
Braider Dashpot Revolutions Minutes Per Revolutions

Setting (Seconds) Revolution Per Minute

30 161.9 1.35 0.74

40 112.3 0.94 1.06

50 82.9 0.69 1.45

60 66.2 0.55 1.82

70 55.7 0.46 2.17

There are 144 carriers on the front face of the braider as shown in Figure

1. If 72 carriers travel clockwise while 72 travel counterclockwise, there will

be 72 crossovers of yarn around the circumference of a mandrel.

Braiding speeds are typically referred to as picks per minute in the tex-

tile industry. A pick is the overlap of two yarns. One pick per minute refers

to one overlap of yarn onto a mandrel in one minute. There will be 72 picks

around the circumference of a mandrel or 72 picks per revolution of the braider

carriers around the carrier ring.

A normal operating speed for the braider is 125 picks per minute. Dashpot

settings for the braider can be calculated as follows:

(72 picks/rev) (R.P.M.) = 125 picks/min

R.P.M. = 1.736

where R.P.M. = rotational speed of the braider in revolutions per minute.

Using the graph in Figure 2 and following the R.P.M. of 1.736 over to the

s-)pe of the line, the dashpot setting is 58.
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CALCULATION OF THE RESIN FLOW RATES FOR A FULLY COVERED MANDREL

Assume that the diameter of a mandrel to be braided over is 2 inches. We

want the braid angle over the mandrel to be ± 45 degrees and we are braiding at

a rate of 125 picks per minute. What will be the volume flow rate of Epon 828

resin and the catalyst methyl tetrahydrophthalic anhydride (MTHPA) and accelera.-

tor Benzyldimethylamine (BOMA) mixture through the resin applicator in order to

achieve a fiber-volume fraction of 60 percent? Assume the mandrel is covered

100 percent by fiber. The fiber type is S2-CG-150-1/3-6 fiber glass.

From Figure 3 the following equations can be derived:

v =~ BEn (1)
tan a

TTD
L = _(2)

sin a

where

V = mandrel feed rate through the braider

a = angle of wrap of material onto the mandrel

L = length of material wrapped onto the mandrel (length of material

from point A to point B in Figure 3)

D = diameter of mandrel

A braid speed of 125 picks per minute corresponds to a dashpot setting of

58. This also corresponds to a rotational speed of the carriers around the

braider carrier ring of 1.736 revolutions per minute.

From Eq. (1),

V ..... R-.5o i 10.92 inches per minute

tan 45*

This is the traverse speed of the mandrel through the braider required to give a

braid angle of ± 45 degrees.
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From Eq. (2),

L = n 8.885 in.
sin 450

This is the length of material wrapped around the mandrel. Since this is the

length of one yarn, we must multiply by 144 to get the total length, LT, of

yarn:

LT = 144 X 8.885 in. = 1,279.44 in.

The supplier gives a length per unit pound for S2-CG-150-1/3-6 fiber glass

yarn as 5,000 yards per pound which converts to 180,000 inches per pound. The C

refers to continuous fiber, G refers to 0.00036-inch nominal fiber diameter, and

150 refers to 15,000 yards per inch for each individual strand. The 1/3 refers

to one end being composed of three strands plied together with each strand con-

taining 150 basic strands twisted together. The 6 at the end of this number

refers to the number of ends the yarn is made from.

The 180,000 inches per pound represents the length of fiber required to

give one pound of fiber. Out this only applies for one end of fiber for each

bundle of fiber. In this example there are six ends per bundle, therefore, the

length per unit weight must be divided by six to obtain the total length of

fiber per pound, L.:

180,000 in./lb/end
Lw 6 --- e-nriaes ----- = 30,000 in./lb

Dividing the total length of yarn, LT, by the length per pound, Lw, of

fiber gives a total weight of yarn applied to the mandrel, WTtotal:

1,279.44 in. .04265 lbWTtotal-



This value represents the total weight of fiber glass material braided onto the

mandrel over the longitudinal length, 1, in Figure 3. The longitudinal length,

1, and weight per unit of longitudinal length, WL, are calculated below:

1 = in 2 .j.• = 6.283 in. (3)
tan a tan 45°

WTtotal 0,04265 lb
WL . 1 . 6.283 in. - 0.006788 lb/in. (4)

To calculate the volumetric flow rates of the resin and the catalyst

required to give a fiber-volume fraction of 60 percent, we must first calculate

the weight of the fiber' being applied to the mandrel per minute during the

operation of the braider. The calculated rate, R, is shown below:

R = WL x V (5)

R = (0.006788 lb/in.) (10.92 in./min) = 0.074125 lb/min

This weight flow rate can be converted into volumetric flow rate as follows:

Vol = R LDensity of glass (6)

1 in. 3Vol = (0.074125 lb/min)-----------= 0.8236 in. 3/min0.090 lb =0.36i./n

Convert cubic inches to milliliters by multiplying by the conversion factor

16.4 ml/iri. 3 :

Vol = (0.8236 in. 3 /min) (16.4 ml/in.3) = 13.50 ml/min

This is the volumetric flow rate of fiber onto tIke mandrel. From this volu-

metric flow rate, both the resin and hardener flow rates can be calculated.

This is done as follows:
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VT ` total volumetric flow rate of resin, catalyst, and fiber

Vol = VT x 60 percent = 13.50 ml/min

VT z 22.5 ml/min

The volumetric flow rate of the resin/catalyst mixture can be calculated as

follows:

Vm = volumetric' flow rate of resin/catalyst mixture

Vm = VT x 40 percent = 22.5 ml/min x 40 percent

Vm = 9.0 ml/min

To calculate the flow rates of the resin and the catalyst separately, the

percentages of each must be known. To do this, the specific gravity of each

component must be known. Listed tlow are values of the specific gravity of

Epon 828, MTHPA, and BOMA:

Epon 828: 1,162 kg/mrn

MrHPA: 1,210 kg/ni

BOMA: 900 kg/m 3

The mixing ratios for each of the components are 100 parts-by-weight of

Epon 828, 80 parts-by-weight of MTHnA, and 1 part-by-weight of BOMA. The total

weight is (100 + 80 + 1) = 181 grams of resin mixture. The weight percent (Wt%)

of each is as follows:

Wt% Epon 828 = 100/181 = 55.25 percent

Wt% MTHPA = 80/181 = 44.2 percent

Wt% BOMA = 1/181 = 0.55 percent

Out of a total mass of 100 grains there will be 55.25 grams of Epon 828,

44.2 grams of MTHPA, and 0.55 gram of BOMA. Since the density of Epon 828 is

1.162 gm/ml and the mass of resin is 55.25 grams, then it follows through the

following equation:
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Mass (7)Density : Volume

that the volume of resin is 47.547 ml. Similarly, the volumes of MTHPA and BOMA

can be found. The results are listed below:

Epon 828: 47,546 ml

MTHPA: 36.528 ml

BDMA: 0.6138 ml

Knowing that the total volume is (47.546 + 36.528 + 0.6138) = 84.6878 ml,

we can calculate the volume percent (Vol %) of each by the following equation:

Vol% of component Volume of component (8)
'Total volume

The volume percentages are listed below:

Vol% of Epon 828 = 47.546,184.6878 = 56.14 percent Epon 828

Vol% of MTHPA = 36.528/84.6818 = 43.13 percent MTHPA

Vol% of BDMA = 0.6138/84.6878 = 0.724 percent BDMA

The volumetric flow rate of resin is calculated below:

Vr = Volume flow rate of resin

Vr = Vm x 56.14 percent

Vr = 9.0 ml/min x 56.14 percent

Vr = 5.0 ml/min

The volumetric flow rate of the catalyst plus the acceierator is calculated

below:

Vc = Volume flow rate of catalyst plus accelerator

Vc Vm x (100 percent - 56.14 percent) = Vm x 43.86 percent

Vc 9.0 ml/min x 43.86 percent

Vc 3.95 ml/min
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These volumetric flow rates are only good if the mandrel is fully covered by

fiber. To determine the percent of coverage, consider Figure 4.

In this figure four strands of yarn will make a total of eight crossovers

or aight picks. Six strands will make eighteen picks. The general equation

which gives the number of picks obtained from a given number of yarns is given

below:

Np = NY2 /2 (9)

Ap = (B.W.)2/sin 2a (10)

A y = NY x B.W. x L (11)

ATP = Np x Ap (12)

where

Np =number of picks

Ny number of yarns

Ap = area covered by one pick

Ay = area covered by yarn

ATp = total area of picks

B.W. = bandwidth of yarn

The bandwidth for the six-ended fiber glass yarn used in this problem was deter-

mined by U.S. Composites as 0.06 inch (ref 2). For the example illustrated

above, the area of coverage, A, is calculated:

A = Ay - ATP = (Ny x B.W. x L) - (Ny2 /2 x (B.W.)2/sin 2a) (13)

A = (144 x 0.06 x 8.885) - [(144) 2 /2 x (0.06)2/Sin 2(45)] 39.44 in.'

Since the total area covering the braided cylinder, Ac, is

Ac 7T ,( D x 1 (14)

Ac = 3.14 x 2 x 6.28 = 39.44 in.2

the percent coverage is 39.44/39.44 100 percent.
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CALCULATION OF THE RESIN FLOW RATES FOR A PARTIALLY COVERED MANDREL

For each diameter mandrel, there will be only one braid angle at which the

fibers will be able to produce 100 percent coverage of the mandrel. In the

above example, a 2-inch diameter mandrel with a braid angle of 45 degrees pro-

duced a laminate which cuvered 100 percent of the mandrel.

At times it is desirable to produce a laminate using a braid angle which

will not produce a fully covered mandi-el. In these cases there will be regions

over the mandrel void of fibers. Additional resin must be added to the fibers

to cover the fibers and also to fill in these voids between the fibers. The

following example calculates the flow rate of mixed resin onto the fibers. Also

calculated is the overall fiber-volume fraction of the laminate. The braid

angle and material will remain the same as in the first example and the mandrel

diameter is 4 inches instead of 2 inches.

U.S. Composites (ref 2) determines the ply thickness and fiber bandwidth by

taking into consideration the bundle fiber-volume fraction (the percentage of

fiber in the bundle, typically 0.75) and the aspect ratio of the fiber bundle

(the cross-sectional shape of the fiber bundle). It can either be circular with

the aspect ratio equal to one, or elliptical with the aspect ratio greater than

one.

The approximation of both bandwidth and ply thickness is not determined in

this report. However, a ply thickness of 0.0205 inch, as calculated by the U.S.

Composites "Braid" program, is used.

To calculate the amount of resin needed to completely saturate the fibers

and also give complete coverage of the mandrel, we must first determine the

fiber-volume fraction, Vf, of the laminate.

The fiber-volume fraction is calculated using the following eqnation and

knowing the laminate thickness, t:
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Vf Volume of fiber Vfiber I
Vo6ume-o•-composite-cynaei y Vfiber + Vresin

Vcyl = Vfiber + Vresin = 7x D x I x t (16)

VcyI = 3.1415 x 4 x 1.0 x 0.0206 = 0.2576 in. 3

Vfiber = (1.6457 in. 3/min) x 1.0 in./21.82 in./min = 0.0754 in. 3

0.0754
Vf 0.22576 = 29.20 percent

The amount of resin required to give 29.20 percent fiber-volume fraction is

found as follows:

Vcyl ` Vfiber + Vresin = 0.0754 in. 3 + Vresin = 0.2576 in. 3

Vresin = 0.2576 in. 3 - 0.0754 in. 3 = 0.1822 in. 3

Vresin = 0.1822 in.3 x 16.4 ml/in. 3 = 2.98 ml

This value is the amount of mixed resin needed to saturate the fibers and

cover the mandrel over a one-inch length. With a feed rate of 21.82 in./min,

the flow rate of resin onto the mandrel is

Vresin = 2.9857 ml/in. x 21.82 in./min = 65.0 ml/min

This is the flow rate of mixed resin through the resin applicator required to

give the laminate an overall fiber-volume fraction of 29.20 percent.

To calculate the volume flow rates of the resin and the catalyst, we need

to know the mixing ratios of each. This was calculated in the previous section

as 56.14 percent for Epon 828 resin and 43.86 percent for the MTHPA/BDMA mix-

-*4 ture. The results are listed below;

Vr = 65 ml/min x 0.5614 = 36.49 ml/min

Vc 65 ml/min x 0.4386 28.51 ml/min
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Figure 4. Illustration of braid weave produced by
four strands of yarn.
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