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Abstract

Twisting a yarn tilts its fibres away from the load direction.A tilt reduces the resolved component, so twist ought to

lower the strength——and yet a yarn with no twist has almost no strength at all.No new theorem or law is claimed.

First, with the tilt term  alone the strength is maximal at  degrees and falls monotonically (Section 2). Second,

adding the grip term  makes the strength at  degrees exactly  (Section 2). Third, and this is

the core of the paper.The maximum stands at  degrees with the value : a product of two monotone

factors has an interior maximum (Section 3). Fourth, even at  degrees the strength is still  of the maximum

and does not fall below half (Section 3). Fifth, remove the grip term and the maximum disappears, returning to 

degrees. What rises is not the tilt (Section 4). Sixth, the separator is “are the fibres continuous or of finite length”

(Section 5).

— —



Scope of this paper (scope note): No new theorem or law is claimed——the twist-angle--strength relation, the gripping

length and the  rule are all known in fibre science.No yarn is designed——no optimal twist count or yarn number

is given. Only the mechanism by which a maximum stands at an interior point is examined, in one model.No measured

value is claimed——  degrees is the value of this model, not the optimal twist angle of cotton yarn itself. Only the

sameness of shape is asserted.No theory of friction is built——the inter-fibre friction coefficient and the distribution of

lateral pressure are not entered.Failure is not treated——whether fibres slip out or break first is not the subject.Ropes

are not treated——the construction and layering of twisted rope are not the subject.Relation to earlier papers: Paper

357 showed that maximum power and maximum efficiency are different points——here two monotone factors make

one interior point.Paper 363 showed that the sweet spot is three points——here the maximum is a single point.Paper

300 showed that same-root and different-root can be decided——tilt and grip are different-root by that

criterion.Paper 367 showed that pushing the sensitivity down pushes it up elsewhere——here twist lowers one thing

and raises another.What is added is putting a number on the strength at ten twist angles, locating the maximum at

 degrees with the value , showing that  degrees gives exactly , confirming that removing the

grip term destroys the maximum, and placing the separator at “continuous or finite-length fibres”.

1. Notation and the Question

Setting: write the strength of a yarn of twist angle  in the following dimensionless model.

The first factor is the projection onto the load direction together with the strain correction; the second is the fraction

of fibres that can take up force without slipping out.

Observation 1.1

the first factor decreases monotonically in .One at  degrees, zero at ——on this factor alone, no twist is

strongest.

Observation 1.2

the second factor increases monotonically in .Zero at  degrees, approaching one at large angles——

without twist the fibres do not grip one another.



Observation 1.3

both are monotone.Not one factor has a maximum——and yet the product has an interior maximum.

Question: if twist only tilts the fibres, why is an untwisted yarn weak?

2. The Strength at Zero Degrees Is Exactly Zero

Computation 2.1: strength  against twist angle (computed in this paper).

Twist angle [deg] Tilt Strength 

Observation 2.2

the first row reads  and  side by side.The tilt term is at its maximum and the strength is

zero——the fibres point exactly along the load and not one of them takes up any force.



Observation 2.3

the middle column falls monotonically.From  down to ——on the tilt term alone, more

twist is always worse.

Observation 2.4

the right column rises and then falls.It turns between  at  degrees and  at ——the

product of two monotone factors is not monotone.

Observation 2.5

even at  degrees there is only .The tilt term is , almost untouched——the missing  per

cent is not the fault of the tilt.

3. The Maximum Stands at  Degrees and Sixty Degrees Stays Above Half

Computation 3.1: position and value of the maximum (computed in this paper).

Quantity Value

Twist angle of the maximum  deg

Maximum strength

Strength at  deg / maximum

Strength at  deg / maximum

Observation 3.2

this is the core of the paper.The maximum stands not at an endpoint but at an interior point——though

both factors are monotone, the product peaks at  degrees with .



Observation 3.3

the maximum is flat.  at  degrees,  at ——  and  per cent of the maximum,

nearly the same over a -degree span.

Observation 3.4

even at  degrees there is still  of the maximum.Although the tilt term has fallen to ——the

grip term is nearly one, so the descent is gentle.

Observation 3.5

the two sides are not symmetric.A cliff on the -degree side, a slope on the -degree side——too little twist

is far more dangerous than too much.

Observation 3.6

the optimal twist angle of real cotton yarn is also placed near  degrees.An independently known range

——the model’s  degrees does not fall outside it. This paper does not claim agreement, only sameness

of shape.

4. What Rises Is Not the Tilt

Computation 4.1: with the grip term removed (computed in this paper).

Twist angle [deg] With grip Without grip (  only)

Position of the maximum  deg  deg



Observation 4.2

remove the grip and the maximum jumps from  degrees to .The interior maximum disappears——

what makes the maximum is the grip term, not the tilt term.

Observation 4.3

the tilt term contributes nothing to the position of the maximum.It sets only the rate of decline——“twist

tilts the fibres and weakens them” cannot explain the rising side.

Observation 4.4

the shape is that of Paper 357.There power and efficiency peaked at different points——here two monotone

factors make one interior point. In both, the maximum comes from a property of the product rather than

from a “compromise”.

Observation 4.5

the reason zero degrees gives zero is friction.Without twist there is no lateral pressure between fibres——

without lateral pressure there is no friction, and without friction a finite-length fibre pulls out.

5. Separator: Are the Fibres Continuous or of Finite Length

Observation 5.1

separator——does a fibre run from one end of the yarn to the other, or does it stop partway.

Fibre Grip term Optimal twist angle

Finite length (cotton, wool) needed interior (  deg)

Continuous (silk, synthetic filament) not needed  deg



Observation 5.2

this separator can be tested.Continuous-filament yarns carry almost no twist——and that is in fact the case.

Observation 5.3

the same material moves its optimum when it is cut.Chop a synthetic filament short and spin it, and twist

becomes necessary——what changed is not the material but the length.

Observation 5.4

they are different-root by the criterion of Paper 300.Tilt is set by geometry, grip by friction and fibre length

——a single variable, the twist angle, moves two different-root quantities at once.

Observation 5.5

to be honest——  is a constant of the model, not a measurement.The position of the maximum moves

with ——what does not move is that  degrees gives exactly zero, and that removing the grip sends the

maximum to an endpoint.

Observation 5.6

one last thing——it is not obvious that a product of two monotone factors should fail to be monotone.It is

precisely because one of them is exactly zero at  degrees that an interior maximum stands——if the grip

term retained even  at  degrees, the maximum would sit closer to the endpoint.

6. Roll Call and Closing

1. Strength at  degrees is  (Computation 2.1): though the tilt is maximal.

2. The tilt term falls monotonically (Observation 2.3):  to .

3. The strength turns between  and  degrees (Observation 2.4):  and .

4. The maximum is  degrees,  (Computation 3.1): interior.



5. The maximum is flat (Observation 3.3): above  per cent over  degrees.

6.  of the maximum at  degrees (Computation 3.1): above half.

7. The sides are asymmetric (Observation 3.5): too little twist is the danger.

8. Remove the grip and the maximum jumps to  degrees (Observation 4.2): the grip makes the maximum.

9. The separator is fibre length (Observation 5.1): filament yarns are not twisted.

10.  is a model constant (Observation 5.5): the position moves; the zero and the jump do not.

Closing: twisting a yarn tilts its fibres away from the load direction, and a tilt reduces the resolved component——so

twist ought to lower the strength.And indeed the tilt term  falls monotonically——from  at  degrees

to  at , without exception, so on this factor alone no twist is strongest and the maximum stands at the

endpoint  degrees.Yet the strength of an untwisted yarn is exactly zero——in the model

 it is  at  degrees. The tilt term is at its maximum of , and not one

fibre takes up any force. Even at  degrees there is only , while the tilt term is  and almost

untouched, so the missing  per cent is not the fault of the tilt.The maximum stands at an interior point——

 at  degrees. Both factors are monotone and the product is not. It is a flat peak, holding above 

per cent of the maximum across a -degree span (  at  degrees,  at ), and at  degrees there

is still  of the maximum, above half. The sides are asymmetric——a cliff at  degrees, a slope at ——so too

little twist is far more dangerous than too much.What rises is not the tilt——remove the grip term and the

maximum jumps from  degrees to , and the interior maximum disappears. The tilt term contributes nothing

to the position of the maximum; it sets only the rate of decline. “Twist tilts the fibres and weakens them” cannot

explain the rising side.One thing does the separating——does a fibre run from one end of the yarn to the other, or

does it stop partway. For finite-length fibres (cotton, wool) the grip term is needed and the optimum stands at an

interior point; for continuous filaments (silk, synthetic filament) it is not, and  degrees will do. Filament yarns do in

fact carry almost no twist, and the same synthetic fibre, chopped short and spun, comes to require twist——what

changed is not the material but the length. They are different-root by the criterion of Paper 300: tilt is set by

geometry, grip by friction and fibre length.To be honest——  is a constant of the model rather than a

measurement, and the position of the maximum moves with . What does not move is that  degrees gives exactly

zero, and that removing the grip sends the maximum to an endpoint.One last thing——it is not obvious that a

product of two monotone factors should fail to be monotone. It is precisely because one of them is exactly zero at 

degrees that an interior maximum stands. If the grip term retained even  at  degrees, the maximum would sit

closer to the endpoint.
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