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Abstract

The static and dynamic friction and wear character-
istics of Lockheed-brake friction material were investig-
ated under dry and wet conditions, and in transition bet-
ween wet and dry conditions, to determine the sultablility
of this material for use in a bicycle rim brake. The
nbminal dry and wet coefficients of frictlon were found
to be 0.35 and 0.10, respectively. Dry-to-wet transition
is sudden; wet-to-dry transition is delayed, and progresses
in a fluctuating menner. Specific energy for wear 1is
4 to 6 million foot-pounds per cubic inch. These results
place restrictions on the design of simple calipers, servo-
-action brakes, antiservo brakes, and power~assist brakes

for bicycles.
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Background

One approach to the problem of urban congestion and
pollution may be to implement more widespread use of man-
-powered vehicles, which have the potentlial advantages of
cheapness, compactness, simplicity, silence, and lack of
polluting effluents.

The category of MPV's (man-powered vehicles) 1is con-
fined mainly to the bicycle, which was developed in some-
thing approaching its present form in the latter part of
the last century. This vehlcle's current popularity 1s
evidence of 1ts attractiveness to many people in spite of
its relatively poor reliebility and maintalnability, lack
of weather protection, and serious rider exposure to col-
lision dangers. If any of these drawbacks could be over-
come, the increased attractiveness of the bicycle could
result in its being used by enough more people so that

auto congestion could be significantly reduced.

The problem

Safety 1s an important aspect of all modes of trans-
portation, from walking to space-flight; certainly it
should not be omitted in the case of the blcycle. Safety
has two forms: accldent prevention and crash protection.
Current blcycles are lacking in both reqpects, but the
former of the two is conslidered here.

The present most-popular bicycle brake, the calliper-

-and-rim type, 1s often only marginally effective when
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dry, and dangerously poor in the wet. Addltionally, wear
of present friction-block material 1s excesslve in heavy
use, and adjustment and replacement are difficult.

It is ultimately desired to develop a bicycle brake
with significantly greater wet-capability than present
varieties, at no sacrifice of reliability and malntalin-
ability (which are sufficiently poor already), and com-
patable with existing bicycle systems, i.e. capable of
retrofit onto bicyclés now in use. This theslis concerns

itself with the initial stages of such a development.

Attacking the problem

An essentlal step in the design process 1s to define,
as closely as practicable, the performance speclfications
the proposed mechanism must meet. These speclflcations
should consist of three parts:

1. Anticipated inputs to the mechanism

a. The nature of the command signal
b. Avallable sources of power
c. Nolse and other énvironmental influences
2. Desired output produced by the mechanlsm
a. The nature of the output
b. Permissible fluctuation of output under extreme
conditions

%, Prioritles: Relative importance of cost, welght,

appearance, fail-safety, environmental and soclal

consequences, etc., and what characteristlics of
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the mechanism should be preserved at the expense of
others
Some of these specificatlonscan be calculated theoretic-
ally; others must be determined on the basls of experiment;
still others can only be estimated, and must be substan-

tiated using a prototype of the mechanism 1tself.

Necessity for experiment

For a bicycle brake, it 1s necessary to determine the
sliding characteristics of various friction-block materlals
on a bilecycle-rim surface, both dry and water-wetted. These
must be known, and the most promising of such materials
identified, before the characteristics of the mechanlsm
itself can be specified.

Friction characteristics for automotive and industrial
friction materials are compiled under carefully-controlled
conditions, dry and in oil, on cast-iron and uncoated steel
surfaces.(1l) No data are avallable from brake manufacturers
involving either the presence of water or the use of plated

or nonferrous surfaces.(2) -

Other work

Asbell (3) investigated various brake-block materials
and shapes with respect to thelr coefflcients of sliding
friction on blcycle-rim material, wet and dry. His inves-
tigation included normal forces to 150 1lbf and pressures
to 300 psi on the friction material. He found wet coefflc-

ients to be smaller, by a factor of 3 or greater, than

.



corresponding dry coefficlents for all materials and con-
figurations tested. Hls conclusion was that Lockheed-brake
friction material was the most sultable for a blcycle-rim-
-brake, from the standpoints of wear and of friction-reten-

tion when wet.

Goals of the experiment

1. A tentative decislion has been made, that any new
rim-brake mechanism will employ Lockheed-brake friction
material. Before this decision can be accepted, however,
Asbell's results for this material must be verified, i.e.
more precise numerical determinations of coefficlents of
friction, dry and wet, must be made.

2. One guess as to the phenomenon underlying the
dry-to-wet variation in sliding coefficlents, is water-lub-
rication. This means the materlal rides on a thin film of
water rather than directly on the rim material. It 1s
desired to discover 1f there exists some pressure above
which this water-film breaks down, re-establishing direct
sliding contact, and restoring dry-friction behavior.

3, Little is known about the manner in which the fric-
tion characteristics change from dry values to wet values,
with the introduction of water to the system; or about the
manner in which recovery of dry-friction characteristics
takes place as the wheel dries. Both of these dynamic trans-

ition phenomena should be observed to see 1f they impose



any additional performance requirements on the mechanism.

4. Some force-multiplication will probably be em-
ployed in any brake we might deslgn, with consequent sen-
sitivity of the mechanism to friction-material wear, from
a geometric standpoint. The energy-absorption-versus-wear
characteristic of this friction material should be deter-
mined, in order to estimate how frequently brake adjust-
ments must be made, and consequent desirability of 1nclud-
ing a "self-adjust" mechanlsm into the brake.

5. Lockheed-brake friction material is planar-ortho-
tropic, 1.e. consists of compressed layers. It 1ls desired
to determine the effect (if any) of different orientatlons

on friction and wear.

Experimental setup

The wheel used for the experiment was a front wheel
from a lightweight touring bicycle. The wheel was of steel,
and 1ts surface finish had the appearance of nickel-chrom-
ium plate. Spokes and hub were left attached, and four
small wood blocks were attached inboard of the rim at 90°
intervals for mounting.

For positioning and spinning the wheel, the 30-inch
lathe in Room 1-014 was used (see Fig. 1). Avallable speeds
were 110, 190 and 330 rpm, corresponding to 10, 17 and 30
mph. Additionally, for the lathe sheave and chuck assem-
bly, with drive gears disengaged, the equlvalent linear

inertia at the wheel radius was found to be 500 lbm.
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Friction material specimens were cut from the same
pilece of Lockheed sutomotive brake material used by Asbell
as hls source. Four cylindrical specimens were cut, of
diameter .357 * .005 inch, for a face area of 0.10 in?®,
and of varylng lengths. The material 1s orthotroplec, con-
sisting of compressed layers. In three of the speclmens
the layers were normal to the axls of the cylinder; in the
fourth, parallel.

A Cook-Smith three-component force dynamometer was
obtained. Two of 1ts outputs, corresponding to normal and
tangential forces on the wheel, were fed into a Sanborn 311
anmplifier-recorder, producing time plots of both outputs.

The dynamometer 1s very stiff (on the order of 10%
1bf/in). If the friction material were mounted rigidly to
the dynamometer, any irregularities in the rotating rim
would result in large, sudden force fluctuations. There-
fore a mounting was fabricated having a flex hinge and
frailing arm, With provlislion for inserting compression
springs, so that the stiffness of the mounting was stepwise
variable from 50 1bf/in to 500 1bf/in to suit various exper-
imental conditions. (see Fig. 2).

Water, when required, was directed onto the wheel by
a hand-held tube, permitting sudden application and removal
of the wetting flow.



Experimental procedure

The experimental variables (inputs) took on the

following values:

Input Values
Rim speed Low: 110 rpm

Equlivalent vehicular speed 10 mph.
Rim surface speed 13 f;/sec

Med: 190 rpm; 17 mph; 22 ft/sec

HL: 330 rpm; 30 mph; 39 ft/sec

Nature of run Dry only Wet-dry
Wet only Dry-wet-dry
Dry-vwet Dry wheel, wet friction
material

Pressure on
friction material 0-2000 psi

Orientation of Z, 9, r corresponding to cylindrical
orthotropic planes coordinates with origin at hub of wheel.
in friction material (z indicates planes normel to z-axis,
ete.)

Each experimental run consisted of the following:

1. Pad configuration selected and mounted

2. Pad-protrusion measurement taken with scale, fol-
lowing an initial "seating-in" run.

%. Wheel rotating at desired speed

4, ©Pad brought up close to rim (see Fig. 3), and
recorder activated

5. Wetting supply activated

6. Pressure increased to desired value (see Fig. 4)

7. Wetting supply activated and/or secured as desired,

and indications made on recording chart

8. Run continued until transients have died out, then
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pressure decreased to zero, equipment secured, and another

pad-protrusion measurement taken.

Form of raw data

The output of each experimental run was:.

1. An annotated time-plot of two voltages, correspond-
ing to normal and tangential* forces exerted by the friction
material on the rotating wheel

2. Measurement of pad-material wear

Processing of data

Data reduction for a typlical experimental run 1s shown
in Appendix B.

Tabulation of finished data is given in Appendix C.

Summary of experimental results

1. Nominal coefficient of friction: 0.35 dry, 0.10 wet.

2. No significant dependence of coefficient of friction,
wet or dry, on pad pressure, up to 2000 psi.

3. Transition from dry coefficlent to wet coefficient
occurs immedliately upon introduction of water.

4. When water flow is halted, wet characteristics pre-
vall for several turns of the wheel (4 to 15 in tests).
Then the coefficient abruptly begins to increase. The aver-

age coefficlent behaves roughly like thé transient response

* The dynamometer actually detected the moment about some
horizontal axis, instead of tangential force; geometric cor-
rections, which had some dependence on normal force, had to
be introduced (see Appendix A).
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of a first-order system, logarithmically approaching the
dry value, reaching 90% of the dry value in 15 to 60 more

turns of the wheel. The instantaneous coefflclent may vary

by as much as 0.10 around the wheel durlng the wet-to-dry
transition.

5. When the friction material 1s mounted so that its
orthotropic planes are parallel to the rubbing surface, the
material can dissipate 4 to 6 million foot-pounds of energy
for each cublic inch worn away. With the orthotropic planes
oriented any other way, this filgure decreases by at least
half. Raybestos-Manhattan, Inc., a leading manufacturer of
frictlion materials, give 5 to 10 million foot-pounds per
cubic inch as the range of specific energles for their
molded-organic friction materials, under slightly different

test conditions on a cast-iron friction surface.(l)

Remarks

During Run No. 12, one side of the test wheel became
seriously "rippled," forcing a change to the other side of
the wheel. At the time, the average normal force exerted
on the wheel was less than 200 1lb. However, the flexible
mount for the friction materlal 1s essentlally an undamped
spring-mass system. At one point on the circumference of
the wheel there 1s a weld, ground qulte smooth, but with a
higher local stiffness than the rest of the wheel. Thls

disturbance passing under the friction material was enough
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to stimulate oscillation at the natural frequency of the
system, about 250 cycles/sec, building in amplitude over
several runs, until Run 12, when the friction material ac-
tually bounced free of the wheel, and the sum of static and
dynamic forces exceeded 500 1lbf. This effect was most ap-
parent during wet portions of runs, and may have to be con=-

sidered when designing a brake mechanism.

Conclusions: The effect of experimental results on design
speciflications

1. Friction-block area

Since friction characteristics are independent of
pressure on the friction material, the friction blocks
should have as great a cross-sectional area as geometrical
and other considerations permit, in order:

1. To minimize changes in block thickness for a given

volume of wear, thus minimizing frequency of adjust-

ment and replacement of blocks;

2. To reduce the risk of wheel-deformation; and

3. To reduce the variation of friction forces durling

each rotation of the wheel.

2, Force multiplication

Let us establish an altogether reasonable requirement,
that the breske mechanism should produce a deceleratlion of
0.4g for a bicycle-and-rider of 250 lbm; braking the front
wheel only. The required tangential force to be exerted

on the bicycle rim is 100 1bf, or 50 1lbf per block. To
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achieve this magnitude of force in the wet, the brake mech-
anlism must exert a normal force of 500 1bf on each frictlon
block. The meximum force exertable in squeezing a handgrip
by Sth-percentile female subjects is 57-58 1lbf (4). A nom-
inal force-multiplicatlon of 2 takes place at.the handgrip;
therefore the input (cable) force to the brake mechanism

is of the order of 100 1lbf, and a force multiplication of 5

must occur in the mechanism.

3, Servo action

The employment of servo action, or leading-shoe effect,
in the brake mechanism has been considered. However; in a
servo-action brake, the ratio of tangential (braking) force
to applied force (known as Brake Effectiveness Factor or
B.E.F.) is proportional to the quantity n/(C - u), where
J 1s the coefficient of friction and C is a geometrlc par-
ameter (see Appendix D). By comparison, the B.E.F. of the
present callper mechanism is dlrectly proportlional to u.

In practice, a servo-action brake 1s designed so that
the parameter C only slightly exceeds the maximum anticip-
ated value of p. Any decrease in p results in a dispropor-
tionate decrease in B.E.F.; any increase in pu affects the
stablility of the system, increasing the tendency towards
noise and "grabbing" of the wheel. Thus a servo-action
brake is limited to applications where it 1s protected from

environmental effects on friction. We, on the other hand,
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desire a mechanism whose behavior is affected minimally by
friction variations; the rider should not have to adjust hils
grip for changes in friction, especlally the rapld, compli-
cated fluctuations occurring during the wet-to-dry trans-

ition.

4., Antiservo actlon

The opposite of servo action is antiservo action, or
trailing-shoe effect. The B.E.F. for this class of mech-
anism is proportional to the quantity pn/(C ¢ m), where the
parameter C is the same as for an equivalent servo-action
mechanism. The antiservo B.E.F. exhibits less of a depen-
dence on u than that of existing calipers; the smaller the
magnitude of C, the smaller the effect of changes in p, on

the performance of the antiservo brake mechanism(Appendix E).

5. Wear tolerance

The mechanical stroke or travel of the handgrip cable
is 3/4 inch; a 5-fold force multiplication reduces the
brake=block travel to 0.15 inch, whether the brake 1s a
simple callper or an antiservo mechanism. Allowances for
play in the mechanism, and for compllance in the mechanism,
friction materisl and rim, reduce to 0.05 inch the range of
travel inside which the friction material must contact the
rim. (An additional consideration is fhat, even if the
brake were pivoted to follow the rim-wobble, some rubbing

would: occur with the brake fully released. This condition
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is intolerable to most riders, and must be somehow overcome.)
As the point of contact approaches the lower limlt of this
range, an adjustment becomes necessary which will move the
point of contact to the upper limit. That 1s, an adjustment
must be made whenever the sum of the wear of both friction
blocks in the brake approaches 0.05 inch since the previous
adjustment. For friction blocks of area 1 1n® this occurs

after 2(10°) ft-1bf have been dissipated.

6. Freguency of adjustment

A 250-1bm bicycle-and-rider stopping from 30 mph dis-
sipates 7500 ft-1bf. The same rider braking down a 2-mile,
104 grade dissipates 264,000 ft-1lbf. Adjustment of the
brake mechanism described above would be required after 20
to 30 such stops, and after every such downgrade. Although
actual brake-usage figures have yet to be precisely deter-
mined, either by survey or by experiment, a tentative con-

clusion is that a self-adjusting mechanism may be necessary.

7. Power-assisted brake actuation

A class of mechanisms is considered which uses wheel
motion to progressively apply pressure to the frictionm blocks.
This pressure would increase until the braking force reaches
the desired value, proportional to an input signal (either
a force or a displacement) from the handgrip cable. A rep-
resentative system using s roller-and-screw is statlically

anglyzed in Appendix E.
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The advantages of this type of system are as follows:

1. Statically, the mechanism performs like an anti-
servo, except that the parameter C can be made an order of
magnitude smaller than the practical minimum for a slimple
antlservo. Thus the braking action can be méde very nearly
independent of coefficient of frictionm.

2. The system 1s unaffected by friction-material
wear, except for a slight increase in the time 1t takes for
the friction blocks to contact the rim; therefore, self-

-gdjustment is not necessary.

The disadvantages of this type of system are:

1. ©Speed of braking action 1s directly proportional
to the speed of the vehicle, 1.e. system lag is in terms of
wheel revolutions (or fractions thereof). The system must
be made "quick" enough to be responsive at low speeds, which
require brake application within one wheel revolution; yet
the system must be controllable at high speeds, and free
from overtightening due to inertial "overshoot" of the mech-
anism beyond the desired braking-force value, and consequent
risk of wheel lockup.

2. The mechanism must release the brake on command,
quickly and positively at all speeds, including at-rest.
Such a feature is not inherent in this Elass of mechanism,
and must somehow be added-on.

5. It is not known whether the mechanism is dynamicelly
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able to handle the rapid, complicated fluctuations in

friction characteristics which occur as a wet wheel dries.
4, It is not known how water affects the way in which

power i1s transmitted from the rotating wheel to the brake-

application mechanlism. These effects may detract from

the otherwlise favorable-appearing wet-weather character-

isties of this type of system.

Recommendations for further work

1. A study should be made of bicycle-braking demands
in urban traffic, to verify adjustment-frequency and speed=-
-of-response requirement estimates given above.

2. Raybestos-Manhattan, Inc., have supplied samples
of two friction materials,which they believe may be sultable
for rim-brake applications. These materials should be
tested in an arrangement similar to the experiment described
in this report.

%, Prototypes of a power-assist and at least one other
mechanism type should be constructed, having variable geom-
etries so that the effects-of changing each parameter can be
studied. If time permits, the debugged prototypes should be
field-tested on an actual bicycle, with the idea of arriv-

ing at a mechanism which can be produced and sold.
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Appendix A. Correction for geometry of flexible mount

h
L 1
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Fig. 5. Forces and geometry of flexible mount.

L =1Lg+x - Fp/k
Total moment M =(Fg - L)-(Fa - )

The gquantltles detected by the equlpment are M and Fy.

)
ot
n

f(M:FD)

Fy = M + Fp°r
L

Fy = M + Fp-r
Lo*x—Fn/k

Spring(s)

in place Los 1n k, 1bf/in
1 7.65 213
2 7.65 245

1 and 2 7.70 405
3 8.0 503 |

r took on the following values: 1 in for Rumns 1 - 8,
0.5 in for Runs 9 - 22, and zero for Rums 23 - 27.

X, the frlction-material projection, was typlcally 1/8 in.
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Appendix B. Processing of data for a typlcal run (No. 11)

Nature of run: Dry-wet-dry
Speed: Low, 13 ft/sec
Flexible-mount data: Springs 1 and 2 in place;
Offset r = 0.5 in
Pad protrusion: Initial, 113/64 or .180 # ,005 in
Final, 10%4/64 or .165 & ,005 in

Conversion factors: For Fy, 16.7 1bf/scale-division

For M, 11.2 1lbf-in/scale-division
Geometric correctlon factors: r = 0.5 in; x = 0.17 in;

Lo, = 7.70 in; k = 405 1bf/in.

Geometrlic correction formula: Fy = _ M + 0.5 F
7» - Fn 05
Point Observed Converted Calculated
(see Fig.6)
(alv) (d1v) (1Be)(1bg-1n) (ne)  *
1 (dry) 7.0 23 117 257 41 5D
2 (wet, at
water cutoff) 7.5 4 125 45 14 o
3 (5 turns
later) TeD 4 125 45 14 vk

4
]
6
7
8
9

(Recovery begins at 7th turn)

(10 turms) 7.2 8(*4) 120 90(x45) 20(£6) .17(*.05)
(15 turns) 7.0 10(=5) 117 112(=56) 22(=7) .19(*.06)
(20 turns) 7.0 10(x2) 117 112(=22) 22(«*3) .,19(%.03)

(30 turns) 6.8 18 114 201 34 .30
(40 turns) 6.5 20 109 224 37 .34
(50 turns) 6.5 21 109 235 38 .35

Peak power (point 1) = 1.0 hp; demsity 10 hp/in2.
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Graphical output (raw data) for Rum 11, with
one-second time marks, and a signal triggered manually

approximately 1 sec. after withdrawal of water stiream.
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Appendix B (continued) - Energy calculations for Rum No.ll

E ﬁ/rF-dx =u/%t-v dt = V;/ft dt (for V = const.)

Fy = M ¢ 0.5F,
. n"Fn 1’1)

Assume Fp = comst. = 116 1bf.

Then Fi = M + 28 lbf-in = (0.13M #+ 7.6)1bf
L n

T T
J‘Ftdt = O.lBJ‘M dt ¢ 7.6T
o 0

Graphically, From Fig. 6,‘jh dt is found to be
600 scale-divislon-seconds, or 6700 lbf-in-sec.
T = 48 sec., therefore J}tdt = 0.13(6700) = T7.6(48) 1lbpf-sec,
or 1240 lbf-sec.
Total dissipated kinetic energy E = Vjaftdt = 13(1240)
ft-1bf, or 16,200 ft-1bf. ’
Volume of friction material wear: v = A(Xj = Xr)
v = 0.1 in? (0.015 in)
v = 1.5 (10=3) 1in>
Specific energy of friction material:

E ft-1bf
i 1.1(107) T

=26~
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Appendlx C:

Tabulation of experimental results

Run number
Friction material:
Max. friction-materlal pressure, Kpsi
Equivalent vehicular speed, mph

1.2]10
2430
2.1)17
1.4]10
1:3]17
2.0] 30
1.8{10
1.,2{10
1.3 17
1.2110
1.6/17
2.0] 30

2.:01 LF

1.3{17] .

.2 LT

1.3] 30

1.21 3T} .
15| 171 »

0.8|17

p dry

.54
c42
42
.38
.38
.40

f wet

Turns to onset of wet-dry recovery
Turns from onset to 90% recovery
Max. power density, hp/in2 ~
Dissipated energy,ft-1bf-10-
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no wear
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M initial =.19
M =.35 after
15 turns.

Wet-dry

Dry-wet only
Dry wheel,
damp pad

Pad presoak;
A final =.25



Appendlx D: Analysls of a representative servo-action
brake mechanism

Ramp servo with tangential applled force

- MoTion
%
o
Fe T‘ﬁ

Equilibrium (disregarding moments):
LFy = 0; Fy + Fy - Fysin g =0, (1)
EFy = 0; Pp - Fgcos g = 0, (2)
Elemental relation: Fy = p°F,.
Substituting for F, in (2), we get
By = Ft/(p cos g).
Substituting into (1),

s m - Bo(52 ) = o,

Fg = Fy (E}nl_é = 1).
Brake effectiveness factor B.E.F. & Fy/Fa,

B.E.F. = 1 = .
tan g _ 1 Tan E - p

M
Thus the B.E.F. is of the form pfC - u),

where C is the tangent of the ramp engle g£.

=28
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Appendix E: Analysis of a representative antliservo-action
brake mechanism

Ramp antlservo

s, Z
Fa —_—]
A e
Wee

i

Equilibrium (disregarding moments):
Py = 0; Fg = Fy - P sin g =0, (1)
ZFy = 0; Fp - Ff cos g = 0. (2)

Elemental Relation: Fy = u*Fp.

Substituting for P, in (2), we get

Fg = F4/(p cos g).

Substituting into (1),

F, - Fy - Lt. Sing=o
% % M cos ’
Fath tané+l

o
Brake effectiveness factor B.E.F. = Fy/Fg,

B.E.F. = 1 = A
tan g tan g + 1
¢t 1

Thus the B.E.F. is of the form n/(C + a),

where C 1s the tangent of the ramp angle #.

-30=



Appendix E: Analysis of a representative power-assist
brake mechanism

Roller and screw

/zZ/l Lol Ll

A
»
oI s

Friction torque omn roller: T = pa*r(Fy - Fy)(Rp/Ry)

Brake normal force 1s related to screw force Fp by
the formula: F, = F.(L1/Lp).
But, from energy considerations, 2T = F,./p

* - - e

so that F, = 2ru pr(Fgy - Fy)(L1R2/L2R1) = K(Fg = Fy).
Additionally, F, = Fy/m, so that Fy = pK(Fg - Fi);
Pt(1l # pK) = uKP,, thus the B.E.F. 2 Fy¢/Fy = uK/(1 + uK);

a

4
B.E.F. = u/(C 4 u), where C = 1 = ng%
K (2mp™priiRo

" .



Appendix E (contlnued)
Aséuming some typlcal values for:

»¥ = 0.5 (coarse abrasive grit surface against rubber
in the wet),

P = 10 threads per inch,

r =1 inch,

Iy = L, and Ry = Rp,
we obtain a C of 1/10 , or 0.03. This yields a drop in
B.E.F. of 20% with a drop in p from .35 to .10. (A4 20%

Jump in force at a handgrip would hardly be noticed!)

If we require % in. clearance on both sides of the
rim with the brake fully released, Total free travel of

the brake is % in., or 5 turns of the roller. This cor-

responds to 5.roller radius = 5-1 in = 1/3 revolution
wheel radlus 15 in

of the wheel -- a permisslible lag for urban traffic sit-

uations.

-3
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Fig. 8. Power-assist brake mechanism and
reamp antlservo mechanism: B.E.F. vs. u
for varlous ramp angles (antiservo)

and values of C (power-assist).
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