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Technical Sciences Corporation 

ABSTRACT 

In the first part of this Investigation the feasibility 

of constructing a timer mechanism with Its gear axes perpendi- 

cular to the aK\B of the projectile Is considered.    It Is found 

that the potential advantages of this arrangement may not be 

g-eat enough to warrant solving the practical problems that 

arlsj with Its use. 

The second part of this Investigation Is concerned with 

the friction torques  of conventionally oriented mechanisms. 

PEAR AXES  PERPENDICULAR TO THE PROJECTILE AXIS 

Introduction    Consider a she^t In a timer mechanism that In- 

tersects,  and  la perpendicular to the axis of the projectile. 

During flight the gear-shaft-pinion assembly la subjected  to 

an acceleration    along Its axis which Is proportional to the 

square of the spin speed and to the distance from the projec- 

tile centerllne  tu the assembly's mass center.    During the In- 

terval when the projectile la In the rifled gun barrel the 

assembly Is suMecteJ  to a transverse acceleration and to an 

axial acceleration.    The  timer Is not required  to operate dur- 

ing  this Interval even though It may have been turned on when 

firing was Initiated.    It Is to be expected that during this 
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interval the spring torque will be balanced by the relatively 

high friction torques on the timer shafts. When the projec- 

tile leaves the barrel the transverse acceleration becomes 

negligible while the axial acceleration caused by projectile 

spin remains approximately constant. The timer is required 

to operate during this interval with minimum friction torque 

on its shafts. 

In a timer vilth conventional shaft directions, that Is 

with the shaft axes parallel to the projectile axis, the situa- 

tion is different. During flight the shafts not on the projec- 

tile axis arc subjecoed to transverse accelerations and during 

3etback they are subjected to both transverse and axial accelera- 

tions. 

Conventionally, journal bearings are used to resist trano- 

verse loads and a flat thrust collar Is used to reslat the 

axial loads of setback.  In a previous investigation fl] the 

possibility of us'ng sharp vee. Jewel type bearings in a con- 

ventionally oriented timer was considered.  Since these bearings 

have contact at a radius that is small compared to the shaft 

radius they offer a potential for low friction and are used in 

Instruments and watches for this reason. It was found, however, 

that in the application considered, these bearings were inade- 

quate for two basic reasons.  First, they had to be an order of 

magnitude larger than those used in instruments in order to with- 

stand the setback loads. This caused the friction torques 

during operation to be of the same order of magnitude as those 

* Numbers in square brackets designate references on page 29 
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in Journal bearings.    Second,  they have low resistance to trans- 

verse deflection and would not hold the shafts with the neces- 

sary precision without additional constraints, which would in 

turn produce additional friction. 

By turning the timer shafts so that they are perpendicular 

to the projectile centerline and by providing a separate set of 

bearings to resist the transverse loads of setback two effects 

occur: 

(1) The steady loads due to projectile spin are changed from 

a direction transverse to the shaft axis to one parallel to 

the shaft axis. 

(2) Sizing of  ^he bearings  that resist setback Is made  inde- 

pendent of the  sizing  of the bearings which resist the spin 

produced  loads,   with  the possibility  of getting lower friction 

torque. 

Tentative Dealt,:'       Before analyzing an  untried  system in datall, 

11  ahouiJ be ae:ennlned   in a pi-ellnlnary  fishion,  what practical 

problems are  associated  hlth Ute  ayatem because  of  its baaic 

nature and  «r\at   i:ie   likelihood  of aolving  these problema  la. 

Theae probleas  should   then be welched  a^ainat  the potential  ad- 

vantagea  of   the   ayatem  and  the  reaulta   of   thia  coqpariaon  uaed 

to determine   ite  extent   of  ^he  required   analyala and  the effort 

to be devoted  t:   aolving  the aaaociatad  practical problexa.     To 

thla end  the  ayatem  ahown  in Figure   1   waa  conceived.     It  haa 

the  following  featurea: 

(I)    A harden«c   at«el  ball  cuter hearing   la uaed.    This eaaea 
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the problem of hardening and precisely grinding the end of the 

shaft. 

(2) A hardened steel or a Jewel spherical outer ball seat is 

used. 

(3) A shaft with integral pinion and staked-on gear is used. 

The shaft contacts the outer ball at a larger radius than the 

ball doe8 its pe»t so that slipping occurs at the latter pair 

of surfaces first. The relatively low contact stress developed 

between the ball and the shaft end eases the fabrication pro-

blem for the shaft end. 

(4) Two cylindrical Journal bearings with clearance and roun-

ded corners are used to withstand the setback loads. 

(5) An inner end ball, with a cylindrical seat, an antlrattle 

spring, and spherical contact with the shaft end is used. It 

is needed to prevent the shaft from contacting the inner Journal 

bearing during operation. The inner ball Is shown on the same 

side of the projectile axis as the outer ball. 

The design as shown has certain limitations associated 

with its potential advantage of low friction at the small radii 

of contact between the balls and their seats. 

The primary limitation is due to the low resistance of the 

arrangement to deflections produced by transverse loads. This 

means that the timer shafts must all be lined up so that each 

intersects the projectile axis. Deviation of the projectile 

mass center from itB geometric centerline may cause large trans-

verse deflections. 
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In order tc prevent email misalignments from causing ex-

treme transverse deflections relatively high axial forces <ire 

required. This i»e:«ssitates either locating botf- bearings on 

the same side of the projectile axis or providing an antirattle 

spring of tremendous strength. 

To get an !de«i of the possible order of magnitude or loads 

due to misalignment consider the following nunerical values: 

3fin Sp« ic, u ; 31̂ 0 raJ 'atc (*H0,<>X) rpnO 

Misalignment: .000 Inches 

Shaft length between bearings: .24 inches 

Weight of s h a f t : .001 lb 

Minimum d l t ' a ^ c e , inner bearing t o spin a x i s : .10 Inches 

Center of grav i ty half-way between bear ings 

The e c c e n t r i c i t y of the cen te r of g rav i ty I s then (See Figure 2) 

1/2 
e - { (,0€:)2 + (.10 + .12;? ] - .23̂  Inches 

and its acceleration is 

a - u.p
2e « .3 ,140) 2 ( .23^) - 5,980g - 2 .305(10 6) i n / s e c 2 

The ax ia l and t ransverse componenta of t h i a acce l e r a t i on are 

aaxial " a c0*a " (5,980g)(.22}/(.234) - 5,630g - 2.14(106) 
in/sec2 

and 
atransveree " a 8lna " (5,98Qg)(,O0O)/(.23*0 - 2,050g = .79(106) 

in, sec2 
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Thus for a .001 lb. ahaft the transverse and axial loads Mould 

be about 2.1 and 3.6 lb. respectively under these conditions. 

This continuously acting transverse load Is caused by the com- 

bination of accidental eccentricity In one direction and In- 

tentional eccentricity In the perpendicular direction. The 

Intentional eccentricity Is put In to allow an axial fores to 

be transmitted across the Inner bearing. This axial force 

would generate frlctlonal resistance to transverse deflection 

at the Inner bearing. 

If we decide to try to locate the timer shafts with their 

centers of gravity on the projectile axis« a situation as shown 

In Figure 3 would result. Assuming five shafts with the middle 

one nominally centered and allowing for some staggering, the 

eccentricity of an end shaft could be 

2 i1/2 e - [ (.oe)1- + (.16)2 ]■   - .179 Inches 

with a total acceleration of 4,370g and axial and transverse 

accelerations of 4,080g and 2,040g respectively. These are 

essentially the same as before. 

To summarize so far: The pivot bearings rauat be able to 

develop sufficient transverse rigidity to prevent contact with 

the journal bearings during operation. If this transverse ri- 

gidity Is attained by transmitting centrlfugally generated axial 

forces across the Inner bearing (Figure 2),  uncontrollable 

eccentricities can cause appreciable transverse forces on the 

shaft. If axial forces on the Inner bearing are not Intentlon- 
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ally g«n«rat«d otntrlfugally# then one shaft can be placed with 

It« center of gravity nominally on the projectile centerllne. 

The natural staggering of the gearing combined with uncontrol- 

lable eccentricity (Figure 3) will then still produce apprecia- 

ble transverse forces on the shaft. Thus a severe practical 

problem exists in making the effects of accidental eccentricity 

negligible. 

Estimate of Friction Torque Reflected to Mainspring Here It 

will be assumed that the accidental eccentricity has been made 

zero and that sharp vee pivot bearings are resisting only axial 

load. The friction torque caused by spin forces and reflected 

to the mainspring will be estimated for these cases: 

(1) Mechanism center 1 Inch from projectile axis with balance 

lever near projectile axis. 

(2) Mechanism center 1 inch from projectile axis with balance 

lever away from projectile axis. 

(3) Balance lever center on projectile axis. 

These three arrangements are shown in Figure 4 which also 

gives the numbering of the shafts. 

The calculated axial forces for arrangement (1) at a spin 

speed of 30,000 rpm are shown in Table 1, page 12. 

Using the equations of Reference [1] we have 

Q/o pl/2 2 
Ro - fy  &>   —T-     (^ of Ref. 1) 

lo 
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TABLE 1 

CALCULATED AXIAL FORCES FOR ARRANOBIBfT (1) 

AT A SPIN SPKKD OF 30,000 nm 

Sh&ft        Eccentricity   Axial Accelera-   Estimated ~    Axial 
Number   (Inchee)       tlon (g'e)    Weight (IbxlO-5)  force (lb) 

KS 1.12 26,700 

U 1.07 27,^K» 

3 1.00 25,600 

2 .9^ 24,000 

1 .85 21,800 

0 .75 19.200 

BL .68 17,400 

• 
5.5 157. # 

3.24 88.6 

.972 24.9 

.618 14.8 

.503 11.0 

.332 6.40 

.185 3.22 

• Uncertainty aa to how auch eprl tg weight to aaeuae to be supported 

by the bearing hae led to dlareg'irdlng any friction caaaed by thla 

force In the totale of Table« :.' to 4 
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to size the bearings where 

IT " H"" + HT ^130 of Ref• 1J 

2 2 
1 - V, 1 - Mr 

and 

g- »  E 
1  +   g 2       (131 of Ref. 1) 

R, Is the (negative) radius of the bearing seat 

Rg Is the radius of the shaft end or ball 

E^ and Eg are the moduli1 of elasticity of the 

two materials 

v, and Vg are Polsson's ratios 

q is the design maximum coopresslve stress 

P Is the axial load 

The friction torque on a bearing with coefficient of friction 

li and maximum compresslve streas q produced by an axial la*d 

P Is then 

3/2  . .1/2  p3/2 1  o 5/*     *^ *•   p. 
Tfr " W^    (TT,   u 7T72   (151 of Ref. I) 

•o 

or 

3/2 
TÄ ■ .408 u ~  fr  • 0 u  177 

^o 
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Using the numerical values q » 285,000 psl for hardened 

steel on saphlro [2] and u - .17 for these materials we can 

find the torques required at the shafts to overcome friction 

due to the axial (centrifugal) loads on the outer bearing. 

The results are shown in Table 2 (page 15) which also gives the 

Ideal torque required at the mainspring to overcome these fric- 

tion torques. 

It may be seer, that this is potentially a high torque to 

uvercone ac the nalnspring shaft. 

The effect nf reversing the eccentricities and locating 

the belunce lever on the outside (arrangement 2) is shown in 

Table 3 on page , 5. 

J'. may be tust,  that arrangement 1 gives somewhat lower 

r«r'.«ci«d frlctl' i torque although the orders of magnitude are 

the saw. 

The torque vAiuee fron these tables can be modified for 

ottytr friction coefloltnts u, or design bearing stresses q0, 

by notIn* that 

1/2 
Tfr.T,r  (^ ( le^ ,' 

Table S 0 

Por different gea.* ratios, shaft weights, or eccentricities 

the caleulatlorva nave to be repeated. 

I« - 
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TABLE 2 

CALCULATED FRICTION T ftQUES  VOR 

ARRANOBMENT  1  FOR A SPIN SPEED OP  JO.OOO rpm, 

A COBPFICIBIfr OP FRICTION OP   .17,   ANT A 

DESIGN  MAXIWm  COMPRESSIVS  STRESS  OP 285,000 pel 

Shaft 
Number 

Gear Ratio 
to 

Mainspring 

P 
Fr 

(lb.) 
JC Table 1) 

Tfr ^ 
Shaft 

(lb.In.) 

Tfr Reflected 

to Mainspring 
(lb.In.) 

MS 1 _ — _ 

a 2.33 88.6 .1082 .252 

3 7.00 24.9 .0161 .113 

2 21.0 14.8 .00652 .137 

1 78.6 11.0 .00472 .372 

0 35^*. 6.40 .00210 .744 

BL — 3.22 .000750 ~ 

Total    -    1.618 lb.in, 

-25.9      or.In. 
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TABLE 3 

CALCULATED FRICTION TORQUES FOR 

ARRANGEMENT 2 FOR A SPIN SPEED OF 30,000 rpm, 

A COEFFICIENT OF FRICTION OF .17 AND A 

DESIGN MAXIMUM COMPRESSIVE STRESS OP 285,000 psl 

Shaft 
Number 

Eccentricity 
(inches) • 

Axial 
Force 
(lb.) 

Tfrat 
Shaft 
(lb.In.) 

Tfx, Reflec- 

ted to Main- 
spring (ib.ln.) 

MS .70 - - - 

4 .75 62.3 .0638 .1486 

3 .85 21.2 .01263 .0835 

2 .94 14.8 .00739 .155 

1 1.00 12.86 .00596 .470 

0 1.07 9.10 .00356 1.261 

BL 1.15 5.44 .001642 • 

Total - 2.104 Ib.ln. 

=33.6  oz.ln. 

*   All «cccKtrlcltieK except that of ahaft numbtr I ans ««tim&ted 
Independently of those In arrangements (1) and (3) 
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As opposed to these pessimistic estimates «e nxay consider 

Arrangement 3, with tne balance lever center of mass exactly 

at the spin axis and the only eccentricities due to a small 

staggering effect.  The results of this calculation are shown 

In Table 4, page 16. 

It may be noted that the friction arising from the trans- 

verse loads applied at the gear teeth has been realistically 

neglected In Tables 2 and 3 but that this neglect Is not Jus- 

tified In the optimistic Table 4.  Table 4 does indicate, how- 

ever, the potentially lower friction possible when the mechan- 

ism Is centered on the spin axis. 

These results may be sumrarised as follows:  If we assume 

that all the shaft axes actually do Intersect the spin axis, 

and the loads are thus applied axlally, then at 30t000 rpm 

the torque required at the mainspring to overcome the friction 

caused by these axial loads Is of the order of the available 

torque when the eccentricity of the mechanism is about one 

Inch. If the centrifugal forces are not used to generate 

transverse stiffness, then the eccentricity of the mechanism 

can be reduced and friction torques an order of magnitude lower 

caui be attained. 

Effect of Propoaed Orientation on Balance Lever Period Flg - 

ure 5 shows the balance lever for the on-center Arrangement 3. 

It Is shown In its equilibrium position with its center of 

mass on the spin centerllne of the projectile. It may be noted 

that when the balance lever Is rotated from Its equilibrium 

position, centrifugal forces act on the two masses to Increase 

- 17 - 
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TABLE 4 

CALCULATED FRICTION TORQUES FOR 

ARRANQDffiNT 3 FOR A SPIN SPEED OP 30,000 rpm, 

A COEPPICIHiT OF FRICTION OP .17 AND A 

DESIQN MAXIMUM COMPRESSIVE STRESS OF 285,000 psl 

Shaft 
No. 

Eccentri- 
city 

(Inches) • 

Axial 
Force 
(lb.) 

Tfrat 

Shaft 
(lb.in. ) 

Tfr Reflected 

To Mainspring 
(l^.in.) 

MS .15 - *• - 

4 .13 10.75 .00457 .01065 

3 .11 2.73 .000584 .00409 

2 .09 1.42 .000219 .00461 

1 .07 .900 .0001105 .00872 

0 .05 .424 .0000357 .01262 

BL 0 0 — — 

Total = .04069 lb.in. 

- .652  oz.in. 

• All eccentricities except that of shaft number OL are es- 
timated independently of those in arrangements (1) and (2). 
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this deflection.    Assuming for the calculations to follow that 

the spring stiffness Is not affected by spin,  the effective 

stiffness become6 

Kt effective " Kt spring ' mp° 

Assuming that K. orfectlve la equal to Kt deslgn at a design 

spin speed uu.  It will Increase to a higher value at a lower 

spin i'peeu.    i-'o •     numerical oetlraate of this effect take pre- 

sent "typical" numerical values as 

b » .701/2 Inches 

mg - lll3.') x 10"6 lb. 

and 
fn 30,000 " 81-5 cPa 

and calculate tie natural frequency when the spin speed is half 

of the design maximum spin speed of 30,000 rpm.    We have 

Kt 30,000 - * '«n230,000" (•0366 x I0"6) (-262 x 106) 

- .0096 in.lb./rad. 

2 
Kt 15,000 " Kt 30,000 + ^ C1 - ( 3& ) 1 m(i,i5,ooob 

2      2 
fn 15,000 " fn 30,000 ^ + 3u'l5,000 ^n 30,000^ 

- 81.5 (5.43) 

- 441 cps 
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which obviously cannot b« tolerated. 

If the equilibrium position Is rotated 90° as shown In 

Figure 6 a similar   effect occurs.    In this case a small     ,o- 

tatlon from the equilibrium position does not change tit   cen- 

trifugal forces to first order In email quantities, but does 

change the moment arms of these forces by first order quantities. 

The effective spring constant becomes 

Kt effective " Kt spring + % b 

which, except for a difference In sign causes the same diffi- 

culties as before. 

For the mechanism of Table 2, where the balance lever has 

an Intentional eccentricity similar effects occur. 

It can be seen that since the signs of the spin sensitive 

terms depend on the orientation of the two masses which effec- 

tively determine the motion of the balance lever. It would be 

possible to cancel out these effects by using a balance lever 

with suitable symmetry. 

Conclusions    Prom the discussion and preliminary calculations 

we may list the following conclusions. 

There is a possibility of considerably reducing friction 

torque during operation of a conventional timer by turning Its 

axis 90°, using sharp vee pivot bearings, and locating Its cen- 

ter of gravity on the spin axis of the projectile. 

There are, however, severe practical disadvantages as»o- 

- 21 - 
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elated with this change.    They are  (no attempt  la made here to 

estimate  the relative Importance of each disadvantage): 

1. All shafts must Intersect the spin axis of the projectile 

and oust  therefore project on a straight line.    This may cause 

an unwieldy shape to be required for the timer. 

2. Transverse accelerations of the order of 2OO0g can arise 

due to accidental eccentricities.    The sharp vee pivot besrlngs 

have negligible resistance  to transverse deflection caused by 

the Inertia forces arising from these accelerations and exces- 

sive deflections of the shafts «111 occur. 

3. If axial forces are generated by spin In order to create 

sufficient axial reaction to cause transverse frlctlonal resis- 

tance to deflection«  then the friction torques arising from these 

axial reactions are of the order of magnitude of the mainspring 

capabilities.    Thus the low friction advantage of the arrange- 

ment would be lost. 

4. For a conventional two-mass balance lever the effective 

spring constant dspends upon the spin speed.    Thus either the 

frequency «111 be sensitive to spin speed or an unconventional 

balance  lever shape must be used. 

ywiCTiow Tonqras on A COHVKUTIOWAL TIWBR 

In this section friction torques on s conventional tlmsr 

are calculated,    first the mechanism centerllne  Is taken to 

coincide «1th the spin axis of the projectile ax«)  then It Is 

taken as being eocentrl*: by  .000 inches In the direction    which 

increases the escspeeheel's eccentricity by this amount« 

- 23 
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If a cosine distribution of norxal  force In the circum- 

ferential direction la aaauaed for a Journal bearing,  then the 

following relation« can be derived  for wui-jum pressure and 

friction torque. 
p 

pm    - "T1^ (123 of Ref.   1) 

Tfr "  (ptr)(<l/2)(u)(Vr) 

-  (i,
tr)(<l/2)(u)(1.275) 

(128 of Ref.   1) 

tohere  P      Is the   transverse  load applied  to the bearing,  p 

Is the —itlm« force per unit  length of circumference,     d     is 

the dianeter,  u the coefficient of friction, and Tf    the fric- 

tion torque. 

It «ay be noted that: 

1. Although all  the friction forces are exerted at the shaft 

radlua,  the friction torque Is greater than (Ptr)(d/2}(u) be- 

cause acre normal  force than P      la generated to resist Pt  , 

due  to the angularity of the normal  force componente with re- 

spect to P    . 

2. The maxlmjtt pressure is 1.273 tlaes  ('tr/d) and  the effec- 

tive friction radlua le 1.273 tiaea the radius of the shaft. 

3. If s unifora pressure distribution is aaauaed,   the corres- 

ponding values are  1.00 and 1.371.     In this case the aaxiaua 

pressure is less ae aorm of the surfaoe Is subjected to this 

pressure but the friction torque Is higher for the same reason. 

4. The factor 1.273 in the torque equation can be reduced  to 

1.00 if all the pressure is concentrated In line «1th f»   . 

This asans relatively large clearance and la unacceptable in 

Oil 
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a mechanism of this type. 

For the present oaloulatlons «• ulll UM  the coetne alt- 

tributlon as being the most rtssorvsble for tnle aecnanle«. 

We will also assume that the not force,  f,   .   aetlrvi an irm 

two bearings equals the applleu trsnsveree force.    This «111 

occur If the plates have at least s slight •erldlarval curvature 

so that both ends of the shafts can be considered as al^pljr 

supported  (See page 93 of Referenc« 1). 

The results of the friction calculations for no eccentri- 

city are tabulated In Table 3* psge 26, which also shons the 

pertinent mechanism dlirenslons and weights which wert ueed. 

It may be seen that for coefficients of friction of  .17 

the calculated friction torque    at the aainaprin« it of the 

order of magnitude of the available tpring torque.     It «ay be 

noted that: 

1. This calculation Is valid at long aa the  transvtrte forcet 

produced at the bearings by  transmitted torque are negliaible 

compared to those produced by centrlfugtl  acceleration. 

2. Subject to this limitation the friction torque  la directly 

proportional to coefficient of friction (taken at  .17 hare) 

and to the square of the spin speed  (taken aa 30,000 rp« here). 

In Table 6, page 27«  calculatlona are given for the aaae 

mechanism with an eccentricity of .060 inches in a direction 

toward the escapewheel center, as this produces the greatest 

effect at the mainspring. 

It may be seen that for an eooentricity of this (petti- 

mlstlc but possible) magnitude in this direction a considerable 
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TABLE 5 

FHICTI N CAUSED BY  CENTRIFUGAL FORCE 

MBCKANISM OH CENTER 

ShAfc    lcc«ntrl-      W« *    Diase-    Oear 
no.      elty (In.)  (IbilO3)  ,*T\      fr Ratio 

llbJ      (mil.) to 
Main- 
spring 

Tfrftt 
Shaft 

(Ib.ln.) 

Tfrat 
Main 
Spring 

(Ib.ln.) 

NS 0 5.5 0 97.8 1 0 0 

k .314 3.24 26.1 49.2 2.33 .1388 .324 

3 .284 .972 7.06 30.0 7.00 .0229 .161 

8 312 .618 4.92 22.1 21.0 . 01178 .247 

1 .210 .503 2.70 18.3 78.8 .00535 .422 

0 .211 .332 1.79 18.6 354. .00360 1.275 

BL 0 .185 0 18. - 0 - 

• IXX9 to a ti pin apead of 30,000 rptn 'I-otal    «= 2.;-3 lb.in. 

••   IXit to a coefficient of friction of .17 
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TABUS 6 

FRICTION  CAUSED BY CaiTRIFUOAL FORCE 

KSCHANISH ECCDITRIC BY   .080  INCHES 

Shaft 
No. 

Eccen- 
tricity 

(Inches) 

Weight, 
UbxlO3 

)    ^^ '   (lb., 

* Dlaae- 
ter 
(all) 

3ear Ratio 
to 

Mainspring 

Tfrftt
+ 

Shaft 
(lb.in. 

Tfrat 
Nain- 

)  spring 
(lb.in. 

HS .080 5.5 11.27 97.0 1 .119 .119" 

k .31^ 3.24 26.1 49.2 2.33 .1388 .324 

3 .352 .972 8.75 30.0 7.00 .0284 .199 

2 .390 .tie 6.16 22.1 21.0 .01473 .310 

1 .260 • 503 3-35 18.3 78.8 .00664 .522 

0 .291 .332 2.47 18.6 354. .00498 1.764 

BL .060 .185 18.0 - - 

• Due   to • epln sp^ad  of 30,000 rp« Total    -    3.12  lb.in. 

♦ Du« to • coefficient, of friction of  .17 -    50      oz.in. 

•• N«gl«cte<j In to-aä b«cauM of o.itertainty about «eight to ua«. 



i 'Chnlccf.  ' .1 JUI ".'j 

Increase in friction torque will occur. 

Another general comment may be made. The friction coef- 

ficient used here Is .17. Before using an experimentally de- 

termined friction coefficient It should be determined which 

circumferential pressure distribution has been assumed by the 

experimenter. For the three more or less limiting cases con- 

sidered here there are factors of 1, 1.275, and 1.571 which 

would be used In transforming measured values of friction tor- 

que, transverse force, and shaft diameter to friction coefficient, 

Considerable differences can result If we are unaware which val- 

ue an experimenter has used. 

It may also be noted that the effect of gear ratio In In- 

creasing the reflected torque to the mainspring more than coun- 

teracts the effect of reduced weight In decreasing this torque 

as we go toward the high speed end of the gear train. 
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SYMBOLS 

Angular velocity of projectile rad/sec 

"o 
1 . ! * ! 

»o  «!  "2 

"l Bearing radius 

"a Pivot radius 

P Axial load on shaft pi' 

Ko 

u 

■A 
b 

n 

Bearing mooulus of elasticity 

Shaft modulus of elasticity 

Polsson's ratio for bearing 

Poiason's ratio for shaft 

NaxlBua pressure on contact area 

Coefficient  of friction 

Friction torque 

Balance lever nasses 

Distance fron balance lever masses to center 
of rotatier 

Balance lever spring stiffness 

Noasnt of inertia of balance lever 

Natural frequency of balance lever 

Natural frequency of balance lever 

In 

Ir 

lb 

pal 

psl 

pel 

In lb 

rad/sec 

cps 
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SYMBOLS 

t̂r Transverse load applied to Journal bearing lb 

P Maximum force per unit length of Journal bear-
m ing circumference lb/in 

d„ Diameter of shaft in 8 
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