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U O Introduction

This material intends to explain a back ground of the formulas which are given in the patent
application as a procedure to evaluate possibility of aroller's running off itsrail.

Although there exists really no phenomenon of the running off, this study was made based upon a
hypothesis that there must be contingent causes which may result in such phenomenon. In addition
to the formulas explanation, the material tries to sharpen nature of the uncomprehended
phenomenon through an objective analysis on the two examples of aroller's running off itsrail.
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Conclusion is as follows (Refer to the above picture).

O O O Although there is actualy no roller's running off phenomenon, it was supposed that the
phenomenon exists because of the uncertainty in rail friction and roller load.
0 O O With astart of roller running,

[ The roller moves toward the roller center line due to the friction force of the contact surface
and eventually the contact surface movesin reverse direction to the roller movement.

[0 As soon as the contact surface arrives at a roller width's end, roller's running off its rail starts
and theroller gets run off at an accelerated pace.

0 The roller's running off its rail will not occur if the contact surface movement ceases due to
equivalence between a movement power and a blocking power of roller movements.
0 O O The evaluation formulas given in the patent application are highly reliable.

Contents of the material are asfollows
[0 Does phenomenon of aroller's running off itsrail really exist ?
O Evaluation formulas of the patent application
O Study on examples of roller's running off itsrail phenomena
Example [0 [0 Roller movement power at a start of roller running
Example [0 O Stable point of the contact surface
O Image of roller's running off itsrail phenomena



[l [J Does phenomenon of a roller's running off its rail really exist ?

Suppose a roller runs off its rail while the roller is running on the rail with loads of the vertical
deadweight of gate body and horizontal water pressure, then the running off force could be the one
existing on the roller's contact surface with the rail and it should be a friction force created by a
downward component of movement of a point on the roller's rotation plane.
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Fig. 1.-1 A roller contact surface with its rall

Fig. 1-1 shows a roller contact surface with its rail. The sketch O in the figure shows, for
instance, a roller whose contact surface stays at a location 90 degree to the roller center line. The
sketch 00 in the figure is a side view of the sketch [0 and the red and pink arrows show the
friction force on the contact surface. The friction forces on the both side of roller center line work in
opposite direction each other. That is because a vertical component of movement of a point on the
rotation plane due to the rotation of the roller is in opposite direction at each side of the roller center
line. The friction forces on the both side cancel each other out and do not work as a running off force.
The cancelling out occurs at all contact positions other than 90 degree to the roller center line and no
running off phenomenon happens as a consequence. But human intuitions are important and it was
concluded that the running off phenomenon exists because it is actually possible that a state of this
stability may be disrupted by incidental elements. The incidental element likely relates to uncertainties
of the load direction, the friction coefficient, the contact surface property (for instance shape and
strain and stress distributions) etc. and a result, for instance, may be the state in which the left hand
side contact surface vanishes. At a state of stability, anti-rotation moment will works on the roller due to
friction forces of the left and right side contact surfaces. It is a part of rolling friction and counted in an
operating load of the gate as well as friction forces added by horizontal components of movement of a
point on the rotation plane due to the roller rotation.



[ O Evaluation formulas of the patent application
000 Description of the patent application

Force to make a roller run off its rail is a friction force on the contact surface created by a downward
component of movement of a point on the rotation plane due to the rotation of the roller. This friction
force is given by Formula (3.-1). On the other hand, an off-running prevention force or a force to
prevent the roller from running off the rail is a component parallel to the roller center line of the roller load
and given by Formula (3.-2).

Friction force = roller load x cos (90 - 0) x friction coefficient of contact surface 0o0oo0(3.-1)
Off-running prevention force = roller load x sin (90 - 6) 00000(3.-2)

00O 0O  Aback ground of the formulas
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Fig. 3.-1 Back ground of the formulas] 3.-0J [ andJ 3.-2]

The back ground of Formula (3.-1) and (3.-2) are explained according to Fig. 3.-1. The sketch O in
the figure shows the roller in a resting state and the roller tread contacts the rail head due to the roller
load including gate's own weight, water pressure load etc. With the start of roller running, the rail
contact surface changes its position along the tangent line and roller's running off the rail will start after
the contact surface arrives at the position shown on the sketch 0. Accordingly a friction force in the
state of O is a force to make a roller run off its rail and a downward component of the roller load is a
force to prevent the roller from running off the rail, and their formulas are given as follows.



Roller's running off its rail force = friction force =

a horizontal component of the roller load x friction coefficient of contact surface =

roller load x sin (?) x friction coefficient of contact surface 000(3.-1"

Off-running prevention force = a vertical component of the roller load = roller load x cos (?) 00(3.-2")
The both formulas show a back ground of the formula (3-1) and (3-2) which are the evaluation

formulas of the patent application. Accordingly it is a prior condition of the evaluation formulas on the

patent application that the cross-sectional form of a tread surface of the roller is the 180 degrees

concave circular arc.

A safety factor against roller's running off itsrail is accordingly defined as follows.

Safety factor = off-running prevention force + friction force =
[+ tan (6) + friction coefficient of contact surface 0o0oo(3.-3)

0 OO Calculation of the safety factor

Table 3.-1 Preliminary calculation resuit of the safty factor

Frictional G| Cf=01 ‘ cf=02 ‘ cf=03 | Cf=04 | cf=05 ‘ Cf=08 ‘ cf=07
a (&) Safty factor
10.00 18.80 1418 11.34 945 810
12.00 1568 11.76 8.4 7.84 672
14.04 2000 1333 1000 8.00 G.57 |
18.00 15.39 1026 7.68 G616 213 440
22.00 12.38 8.25 G183 495 413 354
26.56 2000 1000 G667 2.00 4.00 3.33 2.86
28.00 18.81 3.40 627 470 3.76 313 2.63
3000 17.32 8.66 577 4.33 3.46 283 247
35.00 1428 714 476 3.57 2.86 2.38 2.04
40.00 11.32 036 387 2.98 238 1.33 1.70
45.00 1000 .00 3.33 250 2.00 1.67 1.43
50.00 8.39 4.20 2.80 210 1.68 1.40 1.20
5501 7.00 3.50 2.33 1.75 1.40 117 1.00
58.04 §.00 3.00 2.00 1.50 1.20 1.00
63.43 5.00 250 1.67 1.25 1.00
68.20 4.00 2.00 1.33 1.00
73.30 3.00 1.50 1.00
78.70 2.00 1.00
84.30 1.00




Fig. 3.-2 Preliminary calculation result of the safety factor

Table 3.-1 and Fig. 3.-2 are preliminarily calculated results of the safety factor given by Formula
(3.-3). Cdculation steps of thefriction coefficient [0 f[00.10 0.70 and the load
direction 6 06 [010° andl1l O thesafety factor [0 2001 are given as shown on the table. Usual
steplevelisat Of 0 01and 6 =10 O 30 ° .

OO0 Summary of Chapter O and O

O Theroller tread concave arc angle of the evaluation formulas is 180 degree.

O The formulas are based on an assumption that the contact surfaceis at its extreme location.
O The formulas are obtained through very logical and sensible approach.

0 Eventually the formulas are highly reliable.

O An effect of the contact surface friction has to be considered in the gate operation load.

O Uncertainty of 8 , [ f, contact surface property etc. may cause the incidental element.



[ [ Study on examples of roller's running off its rail phenomena

Example O O Roller movement power at a start of roller running

[ O O Calculation formula and explanation of the case

Sketch a of Fig. 3.-1 corresponds to a state at a start of roller running and a formula of the roller
movement power at this state is assembled according to the roller configuration shown on Fig. 4.-1.
The roller width left end on the figure coincide with the roller loading point i.e. the contact point. Right
hand side of the figure shows a tangential component and a load direction component of a vertical
component of movement of a point on the rotation plane including the contact point. The roller
movement power is given by formula (4.-1) accordingly. This formula equals Formula (3.-1) which
gives the roller's running off its rail force.

Roller movement power = roller load x tangential component x friction coefficient =

roller load x sin(?) x friction coefficient 00000000000000000000000d4.-»
Rail center—___ .
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Fig. 4.-1 Roller movement power at a start of roller rotation

Roller movement blocking power equals zero. Accordingly, the roller starts moving toward the rail
center with the movement power of formula (4.-1) as soon as the roller starts rotating. Fig. 4.-2 shows a
roller moving toward the rail center. The roller load divides into the rail head component force and the
tangential component force as shown on the figure. Although the rail friction force decreases with the
roller moving, the movement is accelerated and the roller gets run off its rail since the increasing
tangential component force (blue collar) works as roller movement power. In short, this case
corresponds to a start of the roller's running off its rail that suggests that a meeting of the contact surface
with the roller width end is a condition for a start of roller's running off its rail.
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Fig 4.-2 A roller moving toward the rail center

0 O O Summary of Example [

Vertical component of point
movement on the rotation plane

0 The roller movement power at a start of roller rotation equals a force to make a roller run off its rail

which is given by formula (3.-1").

[ This case corresponds to a start of roller's running off its rail whose contact surface location
coincides with the roller width end.

O Theroller's running off starts with a commencement of its rotation and the roller gets run off at a

accelerated rate.



Example [0 0 Stable point of the contact surface
0O O O Stabilization of the contact surface location

In case of the roller width of Fig. 4.-1, the contact location coincides with the roller width end.
On the other hand, the contact surface of the sketch a on Fig. 3.-1 locates at the inside of the roller
width and the roller makes an extremely small movement toward the roller center line with the start
of roller running and simultaneously the contact surface moves in reverse direction to the roller
movement. Fig. 4.-3 shows the contact surface after its movement. The roller load dividesinto the
rail head component force and the tangential component force.  Although increase and decrease of
the friction force needs quantitative consideration since the rail head component force will decrease
and the tangential component of the vertical component of point movement on the rotation plane
(refer to Fig. 4.-3) will increase, the tangential component force (blue collar) will increase to a
large extent and work to block the roller movement and the contact surface location will get stable
when the roller movement ceases due to equivalence between the friction force and the blocking
power.
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Fig. 4.-3 The contact surface movement toward outside

0 O O Formula of stable condition

Fig. 4.-4 is exactly same to Fig. 4.-3 except B and 6 are added. 6 (entry angle of the
roller load) is defined on Sketch a of Fig. 3.-1. Quantitative items indicated on the figure are
functionsof 3 , 8 and the friction coefficient as given by following formulas.

Tangential component force=roller load x sin (3 -6 )

Rail head component force = roller load x cos (B 0 6 )



Tangential component (of vertical point movement) =sin (3 )
Accordingly,
Roller movement power =
rail head component force x tangential component x friction coefficient =
roller load x cos (B 0 6 ) xsin (B ) x friction coefficient 00000000D00(4.-2)

Movement blocking power = tangential component force = roller load x sin (B 1 6 )000(4.-3)

As the roller movement power equals the movement blocking power when the contact surface
stay at its stable point, following formula holds.

Roller movement power - movement blocking power = 0 J00000O000O0(4.-4)

The formula of stable condition is obtained after (B - 6 ) isset to A B = contact surface
travel and formulas (4.-2) and (4.-3) are inserted into formula (4.-4).

sin (A B 06 ) xfriction coefficient-tan (A B ) = O J00000000(4.-5)
Let left-hand side of formula (4.-5) besetto [0 (A B ), and the formula be denoted by (4.-6).

O (AB)=sn(AB +6 ) xfriction coefficient - tan (A B ) C000000000O(4.-6)
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Fig. 4.-4 Formula of stable condition




000 Numerica calculation
00000 Vauesof function O (A B )

Fig. 4.-5 shows O (A B ) vaue valuesversus A 3 which was calculated for a combination
of the friction coefficient and the entry angle of roller load 8 (° ) shown on Table 4.-1.
Following findings are obtained from the figure.

O F value ssimply decreasesin al casesi.e. block power increase> movement power increase.
0 The less the friction coefficient, the more F value decreasei.e. rapid block power increase.
[ Theless the entry angle (8 ), the more F value decreasei.e. rapid block power increase.

00O 0 O O Solutions of the stable condition formula

Table 4.-2 and Fig. 4.-6 show the solutions of stable condition formula (4.-5) of a combination
of the cases shown on Table 4.-1. These values correspond to the points where F value curves on
Fig. 4.-5 cross the abscissa axis i.e. a stable point (A B ) of the contact surface. Following
findings are obtained from the figure.

0000 O Amount in % of roller movement power and blocking power
Formulas (4.-2) and (4.-3) are converted to formulas of % display corresponding to 3 shown
on Fig. 4.-4. The % formulas are given as following where 100 % amounts correspond to 3 of

90 degrees.

Roller movement powerin% [0 100x OO0 O OB 06 Ox ODO0OOR O+ 00006 O
0100x DO0O00OOpODO0O0ODOBO6DO+0OO0O0O6 O0O10000000(4.-7)

Movement blocking powerin% 0100x DO OOB 06 O+ 00006 O [00000(4.-8)

Fig. 4.-7 shows calculated results of the both formulas for 4 kinds of the entry angle of roller
load (6 ) shownon Table4.-1. Following findings are obtained from the figure.

O The roller movement power becomes minimum when 3 equals 90 degree.
(0 The movement blocking power becomes maximum when 3 equals 90 degree.

O Theless the entry angle (8 ), the sooner the contact surface arrives at the stable point.

O The less the friction coefficient, the sooner the contact surface arrives at the stable point.

O Theroller's running off starts when the contact surface arrives at the roller width end in case that
the stable point is located out of the roller width.

-10-



Table4.-1 Numerical calculation cases

Friction coefficient Entry angle &

Case mark| Value |Case mark|value(”
I 0.1 O 11.25
I 02 & 2250
il 0.3 @ 33.75
v 0.4 @ 45.00
K 06
Wl 08
W 1.0

Fig. 4.-5Value of function 0 (A B )
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Table 4.-2 Solutions (A B ) of the stable condition formula

Entry angle & 11.25 225 33.75 45
Friction c. 01 1.24 24z 3.45 4.34
Friction c. 0.2 278 5.33 7.3 8.1
Friction c. 0.3 472 3.88 1215 14.49
Friction c. 0.4 725 13.08 17.27 189

Frictioin c. 0.6 1472 23.26 2778 J011

Friction c. 0.8 2567 33.60 37.08 38.48

Friction c. 1.0 35.55 42.09 4455 4493

PN

Contact surface travel (A ) upto its stable point

2000
45,00 ]
-
40.00 — =1
= ||t Friction c. 0.1
.00 1 Friction c. 0.2
30,00 i
: | |1 Friction c. 0.3
_— |
25.00 —— Friction c. 0.4
20,00 = Frictiain c. 0.6
u-"'"ﬂ-' . .
15.00 | Friction c. 0.8
| T Friction c. 1.0
1000 —— — I —
| L
5.00 ——— —
0.00
10 20 30 40

Entry angle of the roller load & °

Fit. 4.-6 Solutions (A 3 ) of the stable condition formula
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Amount in % of roller moving power and
blocking power
350
300 T
/ m— oving power B=11.25°
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/ = \loving power B=22.5"
200 \ . N
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Ja 10 20 30 40 30 &0 7O BO 90 100

Fit. 4.-7 Amount in % of roller moving power and blocking power
0 O O Summary of Example [

0 O O Change of F value due to the contact surface location variation

O F value ssimply decreasesin al casesi.e. block power increase> movement power increase.
0 The less the friction coefficient, the more F value decreasei.e. rapid block power increase.
0 Theless the entry angle (8 ), the more F value decrease i.e. rapid block power increase.

0 O O Stable point of the contact surface

O Theless the entry angle (8 ), the sooner the contact surface arrives at the stable point.

O The less the friction coefficient, the sooner the contact surface arrives at the stable point.

O Theroller's running off starts when the contact surface arrives at the roller width end in case that
the stable point is located out of the roller width.

0 O O Roller's running off itsrail

O The extremely small movement of aroller before the roller's running off completely differs from
the roller movement after the start of roller's running off.

0 Thelast stage of roller's running upon itsrail is running off itsrail.

[0 DO Roller movement power and blocking power

O The roller movement power becomes minimum when 3 equals 90 degree.
[0 The movement blocking power becomes maximum when (3 equals 90 degree.

-13-



O O Image of roller's running off itsrail phenomena
A roller's running off its rail never happens in a circumstance where there is no uncertainty of
friction and roller load. Following conclusion is obtained concerning image of roller's running off

itsrail phenomena.

O O O A scenario of theroller's running off its rail phenomena

# StageBI #

Fig.00 O A scenario of theroller's running off itsrail

[J Stage 1. Roller in restingl] O Roller load is normal to contact surface and heads to rail center.
[J Stage 2. Roller in rotating[] [ Contact surface moves in opposite direction to rail center.

0 Stage 3. Running off start[] [J R. off starts when contact surface arrives at roller width end.

O Stage 4. Running off going] 00 R. off isgoing by friction force and roller load (blue).

[ Stage 5. Running off itsrail(J O Roller on rail top runs off at ablow of roller load (blue).

Note. [0 The contact surface movement likely starts with incidental elements.
O Theroller and contact surface movements are supposed to be unsteady.
O The scenario proceeds at accelerated rate from Stage 3 to Stage 5.

0 O O Therail contact surface movement

[ The contact surface friction force works as a power to move the roller toward the rail center.

O With a roller movement, the contact surface moves in reverse direction to the roller movement
and the movement power decreases and the blocking power increases.

[ The contact surface movement gets stable at a point of equilibrium between the movement power
and the blocking power of the roller movement and the roller's running off will not occur.

0 O O Evaluation formulas of the patent application
O Theroller tread concave arc angle of the evaluation formulas is 180 degree.
O The formulas are based upon an assumption that the contact surfaceis at its extreme location.
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