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INTRODUCTION

An investigation was conducted of the minimum point efficiencies of the gear
and pinion meshes of the Pershing II Integrated Safe/Arm Device (ISAD) (fig. 1)
to identify potential problem areas. This work was an application as well as an
extension of the analytical tools developed during an earlier study of fuze-
related gear trains conducted in cooperation with personnel of City College of
New York (ref 1).

In the earlier study, torque transfer efficiency expressions were derived
for single pass involute and clock gear-type meshes which operate in non-spin
environments. In this present study, the computer program CLOCK2--given in ref-
erence 1 for calculating the efficiency of clock-type gears--was utilized to
determine the minimum point efficiencies of the ISAD timer gear meshes. Where
necessary for computational purposes, the actual clock gear tooth was modified to
accommodate a rounded tip (app A).

In reference 1, the involute meshes were limited to those having a unity
contact ratio. Since the iavolute gears in the ISAD have contact ratios which
are substantially greater than onc, the efficiency expressions derived in refer-
ence 1 were modified to counsider two pairs of involute teeth in contact simulta-
neously in a given mesh (app B). Appropriate logic was used to ascertain how
many pairs of teeth are in contact for a specific position of the mesh. Further,
a technique based on work described in referemce 2 was used to determine where
the involute action is initiated. The vesulting computer simulation was then
applied to calculate the minimum point efficiencies of the I5A0 power gear
meshes.

For clarity, the minimum point efficlencies, obtained as a function of the
coefficient of friction, are presented in graphical form for both the clock and
involute meshes. Also, since the output of the computer programs for the invo-
lute meshes gives other relevant information such as the contact ratio, the
print~-out (not including the point-by-point efficiencies) for each of the invo-
lute meshes 1s contained herein. The associated computer programs for an invo-
lute mesh having a pinion for the driver and for a mesh having the gear as a
driver are listed in appendixes C and D, respectively.

CLOCK GEAR-TYPE MESHES

Determination of Torque Transfer Efficiency

A typical clock gear-type mesh %8s shown in figure 2. Computer program
CLOCK2 (ref 1) is used to determine the point efficiency of such a mesh. The
parameters required to calculate the point efficiency include the number of teeth
on the gear and pinion, the pitch radii of the gear and pinion, the distances
from the pivots of the gear and pinion to the respective centers of curvature of
the circular arc portions of their teeth (a; and ap), the radii of ‘curvature of
the circular arc portions of the gear and pinion profiles (DG and pp), the tooth
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thicknesses at the pitch circle of the gear and pinion, the pivot radii of the
gear and pinion, the distance between the pivots of the gear and pinion (b), and
the coefficient of friction between the gear and pinion teeth and at the gear and
pinion pivots.

ISAD Clock Gear Mesh Parameters

The above quantities for the four different clock tooth-type meshes of the
TSAD are listed 1in tables 1 through 4. The analysis on which CLOCK2 1is based
considers a constant curvature tooth as shown by the solid profile line in figure
= 2. The rounded tooth tip of the actual clock gears, as shown by the dotted line
{ in figure 2, led to numerical difficulties when the given outside radius was used

to obtain the distance a; from the gear pivot to the tooth center of curvature.
This problem was avoided by modification of the tooth to have a constant curva-
ture. The necessary derivations to achieve this are described in appendix A.

F’ Efficiency Results

Computer program CLOCK2 was applied to each of the clock meshes. The coef-~
ficlent of friction was permitted to vary from 0 to 0.3 in steps of 0.05. The
point efficiencies for each mesh for a given coefficient of friction were calcu-

‘ lated and the minimum value determined and retained. These minimum values for
each mesh were then printed out in graphical form as shown in figures 3 through
6.

INVOLUTE GEAR-TYPE MESHES

Determination of Torque Transfer Efficiency

i The initial work on efficiency of involute gear—-type meshes (ref 1) was
.4 confined to unity contact ratio meshes; therefore, that work could not be used
directly in this study because the meshes of the ISAD have contact ratios which
) significantly exceed unity. Changes were required in the kinematics. Also,
since some of the pinfons were undercut, a determination was needed of the radius
at which 1involute actfon begins. Further, because the center distance for each
mesh was greater than the sum of the standard gear and pinfon pitch radii, 1t was
necessary to compute the actual mesh pressure angle. 1In addition, the derivation
of efficiency expressions for dual point contact was needed. Finally, the exist-

ing computer program for calculating involute mesh efficiency had to be revised
to include these considerations.
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Kinematics

When only one pair of teeth 18 in contact at a given time, the computa-
tions proceed according to the method established in reference 1. A technique to
he used when two palrs of teeth are In simultaneous contact is given helow. It
tidentifies the beginning and end of dual contact, provides other {nformation
relevant to the determination of gear mesh efficiency for dual contact, and, {n
addition, furnishes the contact ratio for the mesh.

To begin, certain nomenclature must be defined. In figure 7, which
corresponds to the case where the pinion drives the gear, points T and T' are the
points of tangency to the base circles of radifus Ry and r, and the distance d =
TT'. 1Initial contact is made elther at point Z where the line nf action inter-
sects the gear addendum circle of radius R,), or at a point Z' where the involute

curve begins. The radius corresponding to the start of the involute profile,
called the inner form radius, is given by teX.

Contact hegins at the point which is farthest from point T', or alter-
nately, at the point which 1s nearest to the pitch point P. Final contact occurs
at point W, where the line of action intersects the pinion addendum circle of
radius r . The positions of the instantaneous contact points C; and with
respect to point T'; that is, lengths a;, and a5, are expressed with the help of
the {anstantaneous angles @ and a,, which have their origin at the line OLT"
The actual pressure angle is given by 6'. A method for calculating 6G' is
described later in this section.

The case where the gear is the driver is shown in figure 8.

The nomen-
clature is parallel to that of figure 7.

Procedure for Determining Kinematics of Dual Contact When the Pinion
Drives

(1) Find whether PZ < PZ'. The smaller quantity governs.

PZ' = PTI' - Z'T!

(1)

Since PT' = r, tan 6' (2)
and R S (3)
PZ' = r, tan ' - f2 - rbz (4)

* When the involute actually begins at the base circle, rp = rye If part of the
involute profile has been removed by the cutting tool (undercutting) or if the

cutting tool has bteen withdrawn to a position where cutting begins above the
base circle (to avoid undercutting), then re > Ty
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Also PZ = IT - PT (5)
Since 21 =R, 2 - &2 (6)
and PT = Ry tan 8' , N
Pz =R, - B2 - Ry tan 0’ (8)
(2) DNetermine initial rotation angle (am) of contact point C .
1f PZ < PZ'

b

ZT' = (R, + rp) tan 6' -VROZ - sz (10)

From figure 7

Thus
2 2
' -
(Rb + rb) tan © Vho Rb
a = - (11)
b
If PZ' < pZ
tmpt
a, = 21 (12)
n b
Using equation 3
r 2 _ r 2
@, = .f_r__L_ (13)
n b

(3) Compute rotation angle @ of contact point C, given rotation

angle @ of contact point Cl.

Py
a6, = a, +— (14)
2 1 rb

vhere p, 1s the base pitch, that is, the distance wmeasured on the base circle,

.from a point on one tooth to a corresponding point on an adjacent tooth.

(4) Calculate distances ay and a.

ay =y a1 (15)
ay = a) + py (16)

(5) Find angular position corresponding to end of dual contact.

H




If PZ < P.', the total length of the line of action is given
by Wz. Thus, since the contact point C; is a distance p, from C;, it is imi-

tially a distance Wi - p, from the final contact position. This correspoands to
an angular displacement Aﬂl. from the initial contact position given by

WZ - pb
Aal = T (17)
b

With

iz 2 -2 + e 2 %o (R +r) can o

(18)

b equation 17 becomes

] 2 _,2 “ 2 _ 2 _ o L
Aa - R Rb +§x, o, (Rb +r) tan® P,
1 Ty

(19)

The angular position of C; corresponding to the end of dual contact is therefore

given by
! %1n = %n * 2% (20)
If PZ' < PZ, for similar reasons
5 Aa, = EE:_:_EE (21)
: 1 b
Since
' w2t = hfe,? - % -yt - n? (22)
]
: v& 2 __2 _ 2 _ 2 _
E da, =12 b ‘rf:f T TR (23)
‘ and equation 20 again holds.
i (6) Stop computations when
'. P,
( @ =a +.;; (24)

that 1s, the pinion has rotated through an angle corresponding to one base pitch.
After this, the computations begin repeating.
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(7) Determine contact ratio

If PZ < PZ', the contact ratio CR is given by

’\/Roz - sz "’V402 - "b7 - (R, +1x)) tan 8
P

CR = _— (25)
b
If PZ' < PZ
| 4/’02 - "'b2 - ‘/"fz - ‘bz
CR = (26)

Py

Procedure for Determinigggxinematics of Dual Contact When the Gear
Drives

(1) Find whether PZ < Pi'. The smaller quantity governs. Equa-
tions 4 and 8 are still valid.

(2) Determine the initial rotation angle (atn) of point Cl.

WT
a o= (27)
in rb

where
WT = ( +r)tan9'-—r2-r2 (28)

R, + Ty ° b

(3) Compute rotation angle @, of contact point C, for rotation
angle @&, of contact point Cy-

+ o
az = a1 E; (29)
(4) Calculate distances a; and ay
al = Rb al (30)
82 = al + pb (31)

(5) Find angular position corresponding to end of dual contact.

If PL < P2!
W2 -p
Aa -———2 (32)
1R

where WZ is given by equation 18. Equation 20 again holds.
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If PZ' < PZ

Wz' - p
b
Aa, =

) ___._Rb (33)

where WZ' is given by equation 22. Equation 20 {s then applied to find the angle
corresponding to the end of dual contact.

(6) Stop computations when

|
b
a, =a, +—

1 ir Rb (34)

(7) Determine contact ratio. Equations 25 and 26 are valid for
this case.

Determination of Radius at Which Involute Action Begins and Presence of
Undercutting

The 1inner form radius r

was determined by a technique developed in
reference 2.

The method 1s based on finding the point of intersection of the
involute curve and the trochoid curve, which is the curve generated by the cut-

ting tool (rack or hob). This involves solving the following equations (ref 2,
equation 5).

Te cosH 2

-1 b cosd te cos® 2 1/2
tan ”-(tb - b cos8 - 1] - (l - tb ) L(l-b - b cose) - 1]
r, 2 1/2 _ r, 2 1/2
_9+(1__b_:o_s_g) tane-[(r—f-) -1] + tan ! {H_ri) -1] =0
b b b (35

where 0 [s the cutting tooth pressure angle and b is the distance from the sharp
corner of the rack tooth (or hob) to the pitch line of the rack.

For a rack or
hob with a standard addendum this can be expressed as

2
b = 1?::- + 0,002 ~ hob tip radius x (1 - sin®) (36)

d
where P, is the diametral pitch of the mesh. As noted in reference 2, equation

35 cannot be readily solved for r. in closed form. However, values of Ye can
easily be found by the trial-and-error method.

Figure 9, which 1s a reproduction of figure 6 of reference 2, presents
solutions to equation 35 for pressure angles of 10°, 14 1/2°, 20°, 22 1/2°, 25°,
27°, and 30°. The golutions to the left of the minimum value of r /rb for a
given pressure angle correspond to cases where part of the Involute surface fis

o e e b
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destroyed by the cutting operation while those to the right represent cases where
the involute is not completely generated (dus to withdrawal of the hob). This
provides an opportunity for determining whether a pinion tooth is undercut:

If (1 - b/rp) < Toge tooth is undercut (37)
If (1 - b/rp) ? rpq» tooth is not undercut (38)

In these inequalities, Ieg 18 the value of (1 - b/rp) where rg/r, is a minimua,
and rp is the pitch radius of the pimnion tooth. .

Determination of Actual Pregsure Angle

Standard pitch circles are the ones which would come into existence,
when the gear and pinion are meshed, if none of the standard dimensions are
changed. The center distances for the ISAD meshes are slightly larger than the
sum of the gear and pinion pitch radii, indicating that the center distances have
been extended. This will change the pressure angle as well as the pitch radif.
These nonstandard values can be determined by first considering that the base
circles remain the same whether the tooth dimensions are changed or not. Thus

- 0 = R 0 39
Ry Rp cos R p o8 (39)
Tt T, cosd = r'p cos ' (40)

where B},, r,, and O are the standard gear pitch radius, pinion pitch radius, and
ctandar prguure angle, respectively, while R'p, and r'p, and ' are the corre-
sponding nonstandard dimensions.

Solving the above equations for R'p and r'P
R cos®

R =t (41)

r_ cosf

rp = -%5'5"_ (42)

Adding these equations, and noting that the actual center distance cq can be
expressed as

= R' 43
cg = R'p +r' (43)

P’

one obtains

(R_+r ) cosd

cd - coos' (44)




from which
(R_+r ) cosé
P P

6' = cos™' | ] 45)

¢4

Point Efficiency Expressions for Dual Contact

According to the derivation given in appendix B, the point efficiency
€ of a pinion-driven involute gear mesh having two pairs of teeth in contact
sfmultaneously is given by

3
( 2-pls (d - a,)+s,(d-a,)] .
: L LS S , f\/a 42 '_4+(sl+82)2]+p,4(sl+sz)2
R R (1 + %)
3 £ =
f P 2 2. 4 2 (46)
7
ry 2% (1 + u<)
while that of a gear—-driven mesh is given by
. 2-uls; (d-a;)¥s,(d-a)) | wo, 1/4+u2[4+(sl+sz)2]+p“(sl+sz)2
= N
r r, (1+p<)
e = b b 47
P 2—“(8181+8232) + By

1/Z+p2[4+(sl+32 y2] + p"(vs1+s2 2

R, R, (1+u%)

i In the above equations, p, and p_ are the gear and pinion pivot radii, respec-

tively; u {8 the coefficient of ¥riction between the gear and pinfon teeth as
well as at the gear and pinion pivots; and s; and sy are signum functiomns which
take the values -1, 0, or +1 depending on whether contact points C, and C, are
located before, at, or after the pitch point. These are expressed mathematically
by equation B3. In addition, the distances a) and a, (figs. 7 and 8) can be
obtained from equations 15 and 16 if the pinion 1is the driver or from equations

30 and 31 if the gear is the driver, while the distance d (figs. 7 and 8) f{is
glven by

d = (Ry + 1) tand' (48)

Computer Programs

Since the efficiency expressions and logic coantrols depend on whether
P the gear or the pinion is the driver, two computer programs ISADl and ISAD2 were
written. ISAD1 corresponds to the case where the pinion is the driver and ISAD2
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corresponds to the case where the gear is the driver. Both programs and a sample
output are given in appendixes C, D, and E. Because of the basic similarity of
the two programs, they will be discussed together, with differences noted as
required.

Ioput Parameters. The following parameters represent the input data of
the program: ’

PSUBD | = Py, the diametral pitch

NP = N,, the number of pinion teeth. (This 1s used to determine
P
the base pitch py,.)

CAPRP = R,, the pitch radius of the gear

p?
P = I the pitch radius of the pinion
CAPRO = R,, the outside radius of the gear
RO = T,, the outside radius of the pinion

THETAD = 9, the rack pressure angle (in degrees)
RHOCAPN = py, the gear pivot radius

RHON = p , the pinion pivot radius

n’
(%)) = ¢4, the actual center distance

HOBTIPR, the hob tip radius

K, range divisor, that is, the number of points at which

the efficiency computations are performed for a rota-
tion of the driving element corresponding to one base
pitch. (The computations repeat after this.)
RASFACT =r the value of (l1-b/r_ ) corresponding to the minimum
value of rf/r . It can be obtained from figure 9 for a
given value o? 0,

as’

Computations. The first set of computations relate to the determination
of the base circle radii of the gear and pinion (R, = CAPRB, ry = RB) as well as
of the base pitch (p, = PB) using standard gear equations.

The main program next calls on the subroutine INNERF to find the
inner form radius (rg = RF) of the pinion. INNERF initially computes the cutter
addendua (b = B), as given by equation 36. It then uses the pinion base circle
radius (rb = RB) as the initlal "guess” for the inner form radius. This value {is
substituted into equation 35, which 18 rewritten in the form:




y

re cogb 2

2 1]1/2} S G- b cose) 0 re cos® 2 1/2

TEST = tan + {[

r,~b cos ry r, = b cos?
(49)
9 re 2 1/2 - r. 2 1/2
-0+ (1 -2 can - [E2) -] 4 e (D) - 1]
b “b b

If TEST # 0, the value of RF is Incremeated by 0.000001 and the
result is substitured in equation 49. This iterative %rocess is continued until
a value of RF is obtained for which either TEST < 107° or the new magnitude of
TEST is opposite in sign to that of the previous value of TEST (indicating a root
has been located).

At this point, control is returned to the main program, retaining
the last value of RF, which will be used as the inner form radius. This value of
RF, together with RASFACT, 1s used in equations 37 and 38 to ascertain whether
the pinion tooth 1is undercut. Based on the results, the program prints out
either THE PINION IS UNDERCUT or THE PINION IS NOT UNDERCUT.

The actual gear and pinion pitch radii (R', = CAPRP, r' = RP)* and
pressure angle (6' = THETA)* are computed next according to equations 41, 42, and
45.

The procedure for determining the kinematic quantities relative to
| dual contact is then applied. If the pinion is the driver, equations 11, 13, 19,
o 24, and 25 are used to calculate the initial pinion angle (Oli = ALIN), the pin-
ion angle (« = ALFIN) corresponding to the end of dual codntact, and the con-
tact ratio (E& . If the gear is the driver, equations 18, 22, 25 through 28, 32,
and 33 are used to find the initial gear angle (@, = ALIN), the gear angle
(a = ALFIN) corresponding to the end of dual contact, and the contact ratio
(Cﬁ}n The distance (d = D) between the points of tangency to the base circle is
calculated according to equation 48.

t The efficiency computations begin with the first contact point at

its earliest possible location (corresponding to @, ) and the second contact
t point ome base pitch forward along the line of action. The angular increment

' Ax of the driving element is expressed as

;
] DELALPH = Ax = (p, /r, )/K (49)

if the pinion is the driver, and as

DELALPH = Aa = (P, /Ry)/K (50)

if the gear is the driver.

* The computer programs are written in such a manner that the use of ideatical
nomenclature for the standard and actual pitch radii and pressure angles does
not cause errors.
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Once the current value of &, = ALPHAl is established by adding
DELALPH to the previous value of ALPHAl (AILPHAI = ALIN for the first round of
computations), the distance a; = Al is computed by using either equation- 15 or
equation 30 depending on which element is the driver. The signum function s; is
then determined using equation B3.

The program next decides whether the mesh 1is in the single or dual
contact mode by comparing the magnitude of ALPHAl to that of ALFIN. If ALPHAl is
less than ALFIN, dual contact exists and the distance a, is computed according to
equation 16 when the pinion is the driver, or according to equation 31 when the
gear is the driver. The signum function 8, 18 then found by applying equation
47. Finally, the point efficiency €_ = POINTEF is obtained from equation 46 if
the pinion is the driver, or from equgtion 48 if the gear is the driver.

If ALPHAL 1{s greater than ALFIN, only single-point contact exists.
If the pinion is the driving element, equation A-26 of appendix A of reference 1
can then be used to determine POINTEF. If the gear is the driving element, a
modified form of this equation (where the gear and pinion parameters are inter-
changed) can be used to determine the point mesh efficiency. The point effi-

clency computations terminate after the value of ALPHAL has been incremented by
DELALPH K times.

While the cycle efficiency (CYCLEFF) is not needed in this study,
it 4s computed by the computer programs for informational purposes. It 1s based
on equation Cl0 of appendix C of reference 1 with the total angular range for the
calculations now given by pb/rb when the pinion 1s the driver and py,/R; when the
gear 1is the driver. Thus equation ClQ0 of reference 1, when adapteg to the pre-
sent case, becomes

& e

CYCLEFF = for the pinion driving (51)
Pb/l’.'b
Aa e

CYCLEFF = ——2F for the gear driving (52)
Pp/By

where Zep is the sum of the point efficiencies for the K computation poiats.

The above set of computations is initially performed with b = MU =
0. After the computations are completed, MU is incremented by 0.025. This con-
tinues until MU = 0.3.

Output of Program. The input parameters PSUBD, NP, CAPRP, RP, CAPRO,
RO, THETAD, RHOCAPN, RHON, CD, HOBTIPR, K, and RASFACT are reproduced. The pro-
gram then prints computed gear and pinion parameters CAPRB, BB, PB, and RF. The
output next indicates whether the pinion 1s undercut. This is followed by the
actual gear parameters CAPRP, RP, and THETAD. In addition, the contact ratio CR,
the initial gear or pinion angle ALIN, and the angle corresponding to the eand of
the dual contact ALFIN are provided. POINTEF as a function of the driver angle
ALPHALD, the signua functions s; and s;, and the cycle efficiency CYCLEFF are
also listed.




ISAD Involute Gear Mesh Parameters

Tables 5 through 13 present the parameters necessary to use computer pro-
grams ISADl and ISAD2. These tables also give the operating center distance for
the mesh and the tip radius of the cutting tool.

Efficiency Results

Computer programs ISADl and ISAD2 were applied to the involute meshes of the
ISAD mechanism. Again, the coefficient of friction was permitted to vary from 0O
to 0.3 in steps of 0.05. A sample output using the drive arm pinion gear and
main shaft mesh of the exoatmospheric drive assembly as an example i{s shown in
appendix E. (The general point efficiencies of all of the meshes are not given
in this report since only the minimum efficiencies are needed.) The minimum
value of the point efficliency was retained for each value of the coefficient of
friction. These were then used to generate the minimum efficiency graphs for
each mesh (figs. 10 through 18).

Additionally, data pertaining to the involute meshes, such as the pinion
inner form radius, the contact ratio, and a statement indicating the existence of
undercutting, are shown in tables 14 through 22 for each of the involute meshes
studied.

CONCLUSIONS AND DISCUSSION

It can be seen from figures 2 through 6 and 8 through 17 that the lowest
minimum efficiency for the clock meshes 1is approximately 0.8 while that for the
involute meshes is 0.7. Of course, these occur for the highest coefficlent of
friction, p = 0.3. At p = 0.1, which is a more reasonable value of the coeffi-
cient of friction, the efficlencies for both types of meshes are the same,
approximately 0.9. Because the mesh efficiencies are well above zero, the gears
should transmit torque as designed, and binding of the meshes should not be
regarded as a potential problem area.

Involute meshes in tables 14 through 22 show that most of the pinions are
undercut. The difference between the pinion inner form radius and 1its base
radius indicates the amount of undercutting. The most significant undercutting
occurs for the output pinion and valve gear of the valve drive assembly. 1In this
case, 0.1774 fn. - 0.1762 in. = 0.0014 in. (4.506 mm - 4.476 mm = 0.030 mm) of
the pinion tooth is removed. Since the length of the dedendum is 1.2/P, = 1.2/32
= 0.0375 in. (0.9525 mm), 3.7% of the dedendum is cut off. While this is a small
amount, it is recommended that a stress analysis study be conducted for each of
the undercut gear meshes.

13
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Tables 14 through 22 also show that the contact ratio for each of the invo-
lute meshes is greater than one. This means that at least one pair of teeth will

always Le in contact, providing smooth motion and eliminating the possibility of
impulsive loading of the gear teeth.
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Table 1. Propulsion timer gear and pinion

yasm——

Gear®
Properties {(driver) Pinionb
{< Diametral pitch 100 100
|
& Number of teeth 72 18 ")
5
;
K Pitch radius (in.) 0.360 0.090
El (mm) 9.144 2.286
{
E Distance from pivot to center
; of curvature (in.) 0.3577¢ 0.090124 ‘
g (mm) 9.086 2.2890 ]
_t
f Radius of curvature of circular
arc portion of tooth profile (in.) 0.0223 0.008
s (mm) 0.5664 0.203
C Tooth thickness (in.) 0.014 0.012
(mm) 0.356 0.305
: ‘ Pivot radius (in.) 0.06237 0.0155
. (mm) 1.5842 0.3937

2 Drawing 2406~-344

b Drawing 1060-34-24

E € Based on computations in appendix A.
' d Based on computations in reference 1, appendix D.
{
4
-
.
i
X @
L, ! z
) ;
{
1
§
J
17

—— e —
ot




Table 2. Gear no. 1 and pinion no. 1

Gear?
; Properties (driver) Pinion®
[ Diametral pitch 134.9 134.9
.
é ; Number of teeth 55 8 .
il , Pitch radius (in.) 0.20385 0.02965
i; (mn) 5.1778 0.75311
% Distance from pivot to ceanter
; of curvature (in.) 0.20392° 0.029744
! (mm) 5.1796 0.75540
3
! Radius of curvature of circular
arc portion of tooth profile (in.) 0.011 0.007
(mm) 0.279 0.179
Tooth thickness (in.) 0.011 0.0093
(mn) 0.279 0.2362
A Pivot radius (in.) 0.0155 0.01025
(mm) 0.3937 0.26035
]

2 prawing 1060-17-1
| b pr.wing 1060-34-15
¢ Based on computations in appendix A.

4 Based on computations in reference 1, appendix D.
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Table 3. Fifty-tooth gear and escape wheel pinion
3
. Gear?
7 . Properties (driver) PinionP
3 Diametral pitch 134.9 134.9
Number of teeth 50 7
Pitch radius (in.) 0.18535 0.02595
| (mm) 4.7099 0.65913
|
Distance from pivot to center
: of curvature (in.) 0.18543¢ 0.02454
] (mm) 4.70992 0.6223
Radius of curvature of circular
arc portion of tooth profile (in.) 0.011 0.007
(mm) 0.279 0.178
) Tooth thickness (in.) 0.011 0.009
(mm) 0.279 0.229
| Pivot radius (in.) 0.01025 0.0085
' (mm) 0.26035 0.2154
{
3 Drawing 1060-17-10
. ® prawing 1060-34-14
|
C ¢ Based on computations in appendix A.
Y,
L]

d Based on computations in reference 1, appendix D. "
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Table 4. Exoatmospheric timer gear and pinion

Gear?
Properties (driver)
Diametral pitch 100
Number of teeth 112
Pitch radius (in.) 0.560
(mm) 14.224
Distance from pivot to center
of curvature (in.) 0.55791¢
(mm) 14.171
Radius of curvature of circular
arc portion of tooth profile (in.) 0.0223
(mm) 0.5664
Tooth thickness (in.) 0.014
(mn) 0.356
Pivot radius (in.) 0.078
(mm) 1.981

3 Drawing 2406-366
b prawing 1060-34-24
€ Based on computations in appendix A.

4 Based on computations in reference 1, appendix D.

Piaton®
100
18
0.090
2.286

0.090124
2.2890

0.008
0.203

0.012
0.305

0.0155
0.3937
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Table 5. Drive plate and valve lock cam mesh of propulsion drive assembly
Gear?
Properties (driver) Pinionb

! Diametral pitch 64 64 |
- Number of teeth 80 64 .

' Pitch radius (in.) 0.625 0.500

| (mm) 15.875 12.700

&

: Outside radius (in.) 0.64063 0.51563 i
(mm) 16.672 13.097 i
|
Pressure angle (deg) 20 20 %
1

; Pivot radius (in.) 0.062 0.062

(mm) 1.575 1.575

o

The operating center distance is 1.128 in. (28.651 mm).

‘ The hob-tip radius is 0.

t 2 prawing 2406~342

Y Drawing 2406-361
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Table 6. Drive arm pinion gear and main shaft of exoatmospheric drive assembly

Properties
Diametral pitch
Number of teeth

Pitch radius (in.)
(mm)

Outside radius (in.)
(mm)

Pressure angle (deg)

Pivot radius (in.)
(mm)

Gear?

(driver)

80

72

0.450
11.430

0.4625
11.748

20

0.125
3.175

The operating center distance 1is 0.551 in. (13.995 mm).

The hob-tip radius 1is O.

2 prawing 2406-376

b Drawing 2406-364

Pinion

80

16

0.100
2.540

0.1125
2.858

20

0.09
2.286




Table 7. Differential gear and motor plnion of valve drive assembly

Properties Gear?
Diametral pitch 80
Number of teeth 40
Pitch radius (in.) 0.25

(mm) 6.35
Outside radius (in.) 0.2626
(mm) 6.670
Pressure angle (deg) 20
Pivot radius (in.) 0.062
(mm) 1.575

The operating center distanc~ is 0.338 {in. (8.585 mm).

The hob-tip radius is O.

2 prawing 2406-316

b hrawing 2406-314

23 L\

Pinionb

(driver)

80
14

0.0875
2.223

0.100
2.540

20

0.062
1.575

N,




) Table 8., Differential gear and differential pinion of valve drive assembly
3 Pinion®
Properties Gear? {driver)
Diametral pitch 80 80
Number of teeth 40 15
Pitch radius (in.) 0.25 0.09375
, (mm) 6.35 2.3813
b |
4 Outside radius (in.) 0.2625 0.10625
(mm) 6.678 2.6988
Pressure angle (deg) 20 20
Pivot radius (in.) 0.062 0.020
} (mm) 1.575 1.575

The operating center distance is 0.3453 in. (8.771 mm).

The hoh-tip radius is O.

2 Drawing 2377-336

b prawing 2406-316

-
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Table 9. Differential pinion mesh of valve drive assembly

Driving#*
Ptogerties pinion
Diametral pitch 80
Number of teeth 15
Pitch radius (in.) 0.09375
(mm) 2.3813
Outside radius (in.) 0.10625
(mm) 2.6988
Pressure angle (deg) 20
Pivot radius (in.) 0.020
(mm) 1.575

The operating center distance is 0.1875 fn. (4.763 mm).

The hoh-tip radius is 0.

* Drawing 2377-336

Driven*

pinion
80

15

0.09375
2.3813

0.10625
2.6988

20

0.020
1.575




. Table 10.

Idler gear and differential output pinion of valve drive assembly
Idler Pinionb
Properties geara (driver)
;‘ Diametral pitch 64 64
Number of teeth 24 14
Pitch radius (in.) 0.1875 0.10938
| (mm) 4.763 2.7783
| Outside radius (in.) 0.20312 0.125
(mm) 5.1593 3.175
Pressure angle (deg) 20 20
Pivot radius (in.) 0.062 0.062
(mm) 1.575 1.575

The operating center distaance is 0.3005 in. (7.633 mm).

The hob-tip radius is O.

2 prawing 2406-477

b Drawing 2406-314




Progerties
Diametral pitch

Number of teeth

Pitch radius (in.)
| (nm)

Outside radius (in.)
(mm)

Pressure angle (deg)

Pivot radius (in.)
(mm)

.‘ The hob-tip radius is O.

\ 2 prawing 2406-313

Y Drawing 2406-477

Gear?
64
50

0.39063
9.9220

0.40625
10.319

20

0‘09&
2.388

The operating center distance is 0.5818 in. (14.778 mm).

Table 1l1. Valve drive gear and idler pinion of valve drive assembly

Pinionb

(driver)

64
24

0.1875
4.763

0.20313
5.1595

20

0.062
1.575




Table 12. Output gear and valve drive pinion of valve drive assembly

Progerties

Diametral pitch
Number of teeth

Pitch radius (in.)
(mm)

Outside radius (in.)
(mm)

Pressure angle (deg)

Pivot radius (in.)
(mm)

Gear?
48
36

0.375
. 9.525

0.39583
10.054

20

0.125
3.175

The operating center distance is 0.5046 in. (13.731 mm).

The hob-tip radius is 0.

3 Drawing 2406~318

b Drawing 2406-315

Pinionb

(driver)

48
12

0.125
3.175

0.14583
3.7041

20

0.094
2.388
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Table 13. Valve gear and output pinion of valve drive assembly

Gear?
Properties (driver)
Diam~-tral pitch 32
Number of teeth 36
Pitch radfus (in.) 0.5625
(mm) 14.288
Outside radius (in.) 0.59375
(mm) 15.081
Pressure angle (deg) 20
Pivot radius (in.) 0.125
(mm) 3.175

The operating center distance is 0.751 in. (19.075 mm).

The hob-tip radius is O.

8 Drawing 2406-412

b Drawing 2406-317

Pinionb
32
12

0.1875
4.763

0.21875
5.5563

20

0.125
3.175
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r APPENDIX A

MODIFICATION OF CLOCK GEAR TOOTH FOR EFFICIENCY COMPUTATIONS>

'; s7/5°8




The solid tooth profile shown in figure A-1 represents
tooth shape as given in the engilneering drawings.

determining the efficiency of a clock tooth gear mesh, as given 1n refereace 2,
does not take the rounded tip into account,

curvature tooth as represented by the dotted line in figure A-1.

the actual clock {
The computer program for

but instead considers a constaat

.[:<13nstant curvature ‘

~ i

_" T

| rourded tooth tip

;
| A
L, —

Figure A-1l. Modificatioa of clock tooth profile

|

To apply the computer program, the outside radius of the gear will be modified to
include the distance V, which is the difference in the outside radius between the
coanstant curvature tooth and the rouaded tip tooth.

From the engineering drawing, the tooth radius p,

the tip radius r and the
tooth thickness t is given. Thus

t
C, =P-3 (Al)
h = pz - c2 (A2)

In order to deterwine V, consider that the slopes of the circle representing
the rounded tip and of the circle representing the flank of the tooth at the

point of intersection must be identical. Using the center of curvature of the
E‘ tooth flank as the origin of the coordinate system, the circle representing the
g tooth flank 1s given by
B
. 2 2 2

T +y =p (A3)




v e

e e
e ee.

while the circle representing the rounded tip 1s given by

x-c)+ -8 =r? (A4)
where

E=h~r-v (AS)

To find the slopes of each of the circles, differentiate equations A3 and A4
implicitly and solve for y':

(Ao)

X - Cx
y = '( N > (A7)

Equating these two expressions and using equation A3, one obtains for x and y:

PCx
X = e (48)
VCZ + &2
X
r !
y = (a9) :
4/02 + &2
X

Now substituting these equations into equation Al and collecting like terms

—— e ctsot- 2

-z
A 2 + Fz 2 X — 0
/Cx , T (Al10)

Squariang both sides of this equation and regrouping terms leads to

e ra(t-et-%) 2 [(F + 0% - ?)? - 4oct] = 0 (A1)

T B e e S

S AL
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Using the quadratic formula to solve for & and then collecting like t.orws

g2 - —g: +(ptr)

From figure Al it can be seen that

Therefore, the negative sign holds in equation Al2.

Solviag for &

£ = A -0t - qf

Then from equatioa A5

v=h-r - «/(P - r)2 - qf

The outside radius r . of the modified tooth may now be writtea

where r, is th: outside radius of the actual tooth.

Since the computer program requires the distance from the gear pivot to tae
center of curvature of the circular arc of the tooth, this mday now be given as

= 2 2
a = 4/(rom h)“ + C

X

3

(Al7)

(AlL2)

(Al3)

(Al4)

(AlS)

(Al6)




APPENDIX B

DERIVATION OF EFFICIENCY EXPRESSIONS FOR SINGLE INVOLUTE GEAR MESH

WITH CONTACT RATIO GREATER THAN ONE
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a2
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Free body diagrams of the gear and pinion of a single involute mesh where
the pinion is driven by a counterclockwise input movement Min are given in figure
B-1. 1In the position shown, there are two pairs of teeth in contact located at
point C, and C,. In the analysis 1t will be assumed that the pairs of teeth in
contact share the transmitted load equally.

a. Unit Vectors

The unit vector from point On to point T' is given by

FO = sin® 1 + cosd j (Bl)

while the unit vector from point 1. to point L' is given by

= - _"-+ 3
nOT cosV sinf® j (B2)

where 9 represents the actual pressure angle.

b. Nomenclature and Signum Convention

FxN' FyN = x and y compounents of normal force acting on gear
pivot

“FxN’ “FyN = friction force components acting on gear pivot

Fens Fyn = x and y components of normal force acting on pin-
ion pivot

“Fxn’ “Fyn = friction force components acting on pinion pivot

H = coefficient of friction

Fe = normal force acting between gear and pinion at
both points of contact

;EC = tonth contact friction force

PN = gear and pinion pivot radii

Rys T = gear and pinion base circle radii

d = length of the line of action bhetween bhase circle
tangent points T and T'

ay, ay = distances of the contact points C; and C) from

point T' along the line ot action

65
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Rotation

| -

Rotation
~N———

Figure B-1. Free body diagrams of gear and pinion




. = [}
) + 1 for a < T'P or @ < tanb

s, =+ 1 for a, < T'P or a, < tan

. W o= '
3 ] 81 1 for a, > T'P or @ > tan®

(83)

1 for a, > T'P or a > tanb

= ' =
sy = 0 for ay T'P or o tan0

0 for a, = T'P or @ = tan8

t c. Pinion Equilibrium Equations

From the free body diagram of the pinion, force equilibrium can be
expressed by

E | 2R ohgn — S MR = SpuFgng = B T = wF J+F § - uF T =0 (B4)
F~l Moment equilibrium can be expressed as
n M, k=-pp 2 +F K+rm, x (<) 20
' in n X ya h 0 coer
+ (rbne + alneT) x () slchnO + (rbn6 + aZnOT) x (=) SZHFCnc = O(Bs)
}

where Min is the input moment.

% Substituting equations Bl and B2 into equation B4 and expressing the
j result in scalar form, one obhtains
I

ZFC cosd - u(s1 + 52) Fc sinf - Fxn - ”Fyn =0 (B6)
; -ZFC sing - p.(s1 + 52) FC cosf + Fyn - “Fxn = ( (87)
: Similarly, for equation BS
!
. Min ™ Pt F:n + Fin - 2r Fo + ulsja) + s)8,)) Fo =0 (88)

PN
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Now solve equations B6 and B7 simultaneously to find Fxn and Fyn‘
Solving equation B6 for Fent

(89)

Fo, = 2Fg cos® - H(s,+ s,) Fo 8inb - uf

yn

Substitute this equation ilato equation B7, and solve for Fyn‘

[2 - uz (s1 + s2)] sin® + [(s1 + sz) + 2] cos®
F. =F, { —-3
1 +u

(B10)

Now substituting equation BlO into equétion B6 and solving for Fxn:

[2 - u2(31+ sz)] cos?-— u [2 + Eil +5,)] fi?ﬁ}
1+ u%
(B11)

R, o= F, |

Using equations Bl0 and Bll in equation B8 leads to

UP“FC

2 2, 2 ,

M, = =g N2 - ¥ + 8,17 + 0% [(s +8,) +2] (BL2)
1+

-2 erC + u(sla1 + szaz) FC =0

Expanding the term under the square root sign, and solving the resulting equation
for Fc, one obtains

F E - —_ i'{i n
¢ PPy 2 2, . & 2
2 t, - u(sla1 + szaz) + I—:—;z 4/2 + 04+ (s1 + 32) ] + v (s1 + sz) (B13)

d. Gear Equilibrium Equations

Force equilibrium of the gear is given by

2oy + (s + 8;)0Fcng + E 1 - WE v = Fj = WF i = 0 (B14)
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while moment equilibrium is given by

_ 2 2 — . - _
ME +pyp Foy # Foy kv {-Rpng = (d - apng ] x (Feagy + bs)Feny)

+ [Rb 6 - (d - a2)neT] X (FCnGT + pstcne) =0 (B15)

where M, 1{s the equilibrant moment.

Proceeding in a manner similar to that of the preceding section, the
contact force becomes

2R - uls (d=a)) + s,(d-a,)] - %ﬂl (4 + (s,+s, 21404 (s +52)2

e, Moment Input-Output Relationship

The equilibrant moment, M,, may be expressed as a function of the
input woment, My , after equations B3 and B16 have heen set equal to each
other. Thus

2R, - uls.(d-a.) + s, (d-a,)] - N \/a+2[r.+( rs. )2 + (s 4y’
p T s (A7) + sy (dmagd) = T YRR IS ey T ks,
M =M £
o in Koy 7 3 2 2
2[‘b - p(s a +s a2) + — - uz /Vlc,ﬂ; [4+(sl+sz) ] +u (SI+S2) (B17)
The input-output relationship may also be expressed as
Ry
M =M, —¢ (B18)
o in p
b
where
uls,(d=a,) + s, (d-a,)]
oLz 2. il Tat(s 45021 + (s 45,
Rb R (1 - u)
e = -
P2 - u(s a +sza2) oy (B19)
+ 'Vlo+p.[4+(s+s)]+p(s+s)
r r (1 + u )
b
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which represents the point efficiency of a single step-up involute
two palrs of teeth ia contact simultaneously with the pinion being
If the gear is the driving element, the efficiency expression may
directly from equation Bl19 by interchanging the gear and pinioa

Thus, when the gear 1is the driver

mesh having
the driver.
be obtained
parameters.

2 - ll[sl(d—al) + sz(d—az)]

r

L b rb(l+u )

up
n 2 2 4 2
3 Nﬂ+u [4+(sl+sz) ] + 1 (sl+82)

P - Z, & 2
2 u(s1a1+s2a2) + Hey Gt [4+(sl+sz) ] + (s 4s,)

2
rb Rb( 1+p%)

(B20)




N -

;. :
"
¢

¥ 5

APPENDIX C

1 COMPUTER PROGRAM ISAD1

?ﬂ”l

- . &%




o et ANl sl 2 o, VA, V-

6 0t 09
(+1NJHIANN ST NOINId 3Hi+‘XG's0s)ivaycs 9
(9°9)311um 1
L DL 09(412V3iSYE 19°N)4l
d¥/8-' =N
]
1NOY¥3IANN SI NOINId 41 3INTwWy3g3d 2
J 0s
(p°94'+=x (dY) SNIQVH WHOS Y3INNI NOINId+'XG'+0s)lvnd03 S
dH(S°9)3118M
(JY'g°'8Y4'Hd]1L1E0H ' VLIHL 'Q9NSd ‘dN) J4INNT 1TVD
o]
SNIAvY WY04 HINNT NOINId 3INIn¥3130 O =14
b

(b 9d's= HOLId 3SYG+'XS'«0e/b 94's= (BY) NCINIL 40 1
SNIQYY 3SVB+'XG*'+0+/V 94 «x (BHAVD) HVID 40 SNIQVH 3ISVE ‘X9 LVANNOd b
8d°'8Y° ' BUdVI(P° Q) 3L14M
dN/BYs1d+ £=8d or
(V13HL)ISOD+ay-8Y
(Y13HL}SOD+dNdVI=1N4dYD

HOlld 35vE ONV NOINId ONY ¥¥3D 30 SNIGvY 35v8 3INImy3130 w
Z+QVI3HLI=V(3HL ? s

SNYIQVd OL YL3HL L¥3ANOD w
(///€°G4*+= (12V6 ? ot

dSVY) ONILLNOHIANN ONINIWYIL3Q HO4 HOLOVI UIJIVHS+'XS'+0s/t1'sz (48
) MOSTAIQ FONVHe'XG'+0%/G°Ld'«= (HdILEOH) SNIOVY dIl ¥ILIND Hv3IDe‘L
XG'#0*/€°94 += (@D) 3ONVISIAQ MILNID ONILIVHIOx ‘XSG’ +0+/E°Gd‘+= (NOHS
) SNIAYYH L10ATd NOINId+'XE‘E€°G3'+= (NDYODHY) SN1QVY JOAld ¥V3De«'XGG
‘#0%/2°'94'+= (QVL3HL) S33¥03A NI 3IIONY JUNSS3Ud*'XG'+0+/5° L1 ez (p s
Cd) SNHIAVY AQISIND NDINId+*XE'S 23 '«= (0UdVI) SNIAVY 3QISING ¥v3ID.E
‘XG'x0%/G L1's= (dH) SNIQVY HOLId NOINId QUVANVIS+'XE'G°Ld's= (d¥2
dvD) SNIQVY HOLI1d dV3ID QUVANVLIS+'XG'*0+/0°bd‘s= (dN) HL3II1 40 y3Iswl
IN NOINId»'XG'«0%/1°9d = (Q8NSd) HOLId TVHIIWVIQ-'X///+1*)1VAH04 €
L1OVASYY N ' Y¥d] 1G0H} [+14
‘00 NOHY 'NdVOOHY 'AVLIIHL ‘04 ' 08dVI* dY  dddYD dN‘QaNSd(E*S)ILTHm

ViVQ 311uM

[SXS A8

dD1S{0-3aN" (S) 403111 St
(P-014'PI'XO' P 0I4E/°0148)1vid0d C
10V4STy*w' L
Yd1180H' 0D NOHY *NdVIOHY ' QY 13H1 ‘04 ' DHAVD ' dl‘ dddVI *aN*QaNSJ (T Srav3y +

viva Qv3y ot

(SRS NS ]

‘081 /1d=2
6SIvL E=1d
dN‘LOLH NN Y3y

(HVY3ID SIAIYQ NOINId)
HG3IW dV3ID 3LNTO0ANI SSVd 3ITONIS ¥04 S3IIONIIOI443 371I2AD ONY INIOd

LLOLL

(1Nd1N0=93dV1 ' LNdNI=S3dVL ' INdLINO* LNANT) IGVS]T WYHDONd 3

‘ 39vd 1§$°T1°'9L  18/62/v0 80S+8°p N1 isld0 vL/ve 1QYST WYHD0¥d

MR L . e



C 39vd

X' isl 61 OO
(VL13IHLINY L+ (BY+8Y¥dYD)=Q
*0=101W
W/ (8Y¥/8d)*HdT¥130
(/€°G4's= (NW) LNIIDI44300«'XG) LYNUOS bt
AN(yL'9)3L1um
620 +{1-r) + 000° = NN
€Ll = 0 1Z 0G

)
SNOTIVINIWOD AIDN3IID1433 2
)
(///€ L4 += (NL1dV) 1D
ViINOD YN0 40 ON3 DL ONIANOJSINYOD ITONY**XG'e0s /€24 += (NITV) 374
ONV HVY3ID IYILINI«'XS'%«0+/T P4 += (¥D) OILVYH LOVINOD=‘XG'+0s)LvNy0d €t
ONTJIV'ONITY ' ¥I(EL‘9)IL1HM
d
S3TDNY NOINId T¥YNIJd ONV TVILINI ONV OILVY 1DVINOD INI¥d O
bo]
Z/NI4IV=ANT 4V
Z/NIVY=ONIY
d
$334930 0L NI4TV ONY NIV IH3ANQD D
b}
IYIIQHNIIVENTAIY EE
94/ (8d-(V1I3HLINVLs1
(BY+BHdYD ) - (BH»BY-DU+DY ) LUOS+(BYIVI+BUIVI-0¥dVI«0HdVI) L4OS) =Ty 130
B4/ ((BY¥dYI*BUIVI-DUAVYI*QUIVI ) LH¥OS-(VIIHLINVL«(BY¥+8YdVI) ) =NITY
gd/ ((VLIIHL)INVYLL
»(BU+BUAYD) - (DU +«DY-DY *0Y) 1305+ (BYAVI«BUAYI-0UdVYI+0¥dVI) LUDS) =D }§
Zl 04 09
84/ (8d- (B «BY+IU=4Y ) 1HOS-(QY+GY-0u+0¥) 1805 ) =Tv13Q
GY/(gl+8Y-4Y+ 44)J¥OS=NI TV
8d/((0Y+BY-IY*3Y) LHOS~-(BY+BY-08+0Y) L YOS ) =YD
]
1OVAINDD VNG 40 QN3 D1 DNIGND4S3I¥E0D 9
31ONY ONY 3IONVY NDINId IWVILINI ‘OIlvd 1IVINOD 3ivINndivd 3
b
b1 Ol 09(2d°19°d2d)41
(VISHLINY L +88dVI-(DUVI+BYdYI-0HIVI=08dYI ) LUOS=2d
(BY+88-JY+IY) JUDS-{VIIHL INVL«BU=d2d
b
Zd NyHL H31VY3d9 S1 (3WIN¥d2d) d2d 41 3INTWE3IL3Q I
b}
(//2°94's= (Qv13H1) S33493Q NI 1I9NZ
vV IUNSSIUd TYNLIVe ‘XSG +0+/G L4 += (dd) SNIQVY HOLTJ NOINId TVNEOVel
‘XG'w0#/G L' ez (d¥AYD) SNIQVY MDLId VVID IVNLIVYs'XS' +Ge) LYWNOS OF
QV13HL dY dudVIL 01 D) 11 1uMm
2/V13HL=0v3IHL
({02/(¥13H1)S0D4D))S00V=V13IHL
2/Q0sdd=gl
2/Q24d¥dYI=dbavd
dY+d¥dvI=) 6
b
FTIONY IuNSS3IBg aNv 11AVY HOLId IvNidv 3INIW§3L130 D
b ]
(+1NJ¥3GNN 10N SI NOINId 3HIe'XG'«0s¢)ivay0d 8
(8'9)3114m £
162191 18/6C/p0 005+8°p Nid 1=1d0 vi/vi 1QYSI WYUODUud

(133

S04

004

s6

06

-7

0L

09

74

.

Lt me

A
i
y

»

p .
[SPYY L




39vd

ON3
1 0L 09

INNIINOD IZ

(//7///9:93" = 13310AD+*XS//)1VNN04 O
433710A0(02°9)311um

(44370AD) AON3IDIJd43 310AD INIYd

(8Y/8d)/L10IN-HdIVI30=443104AD

INNT NG 61

J3INIOd+I0IN=10IW B}

(P 94 s JIINIOG*'XPL 'L bd'ss 1SA'XE'T 94 s QIYHA IV XS) LYAHOS L}
J3UINIOG 1S 'QIVHIIV(L1°S)3L1Hm

(33INTOd) AONIIDI433 INIOd ONV {1S) INIOd IDVINOD
1V 30804 NOILOI¥4 ¥O4d NOIS ‘(S334D30 - QIVHAIV) 3ITONY NOINId INIld

a8/vv=43INI1Od
U/ (LY 1S-NOHY )Y+ NK+ * 288
gHdYI/((LV~Q) « 1S+NdVIOHE ) »NW~-" L =YV 94
A 84 01 09
v 94'~= 431
INIOd*‘'XE' L' pd'sa ZS='XE'L P’ »= 1S«’XE'T 94 s= QIVHdIV='XS)LVANOS GI
4IINIOD ' ZS' 1S 'QivHAIVIGE‘9)3L1HM

(4341NI0d) ADNIIDIJI43 INIOd ONvV (Z25) INIOd
L1OVINOD ONDO3S 1V 30404 NOILOIY4 ¥Od NDIS *(1S) INIOd LIVINGD 1SHId
1V 30404 NOILOIY4 ¥OJ NOIS *(S334930 - TiVHJIV) 3I1ONV NOINIJ INIdd

88/Yv¥=331NT0d
((2S+1S) «(ZS+1S) «NWe NN+ NINsNWH((ZS+1S )+ (CSHIS) + P ) aNN-NN+ L

‘t) LUOSH ( (NWNW+"§ ) +BY) /NOHY»NW+(TY+ES+IV+1S)+88/NIN-"2=88
((TS+1S)»(TS+1S) «NWsNWANNSNN+{ (ZS+1S)#(ZS+IS)+ P IsNWANW+ ) 1HOS
((NW=NW+° 1) +8UYI) /NdVYIOHYE « - ( (ZY-0 ) +ZS+{ LY=Q) 4151 - BHUYD/NIN-" L= VY
*31-=ZS((VLI3HLINVL 1D ZVHd IV )41

*0=ZS((Yi3IHLINVL O3 ZVHd Iv) 41

“1=ZS((VIIHLINYL L1"CVHd V)3T

Bce+iv=ZY

QY '8d+IVHYIV=Z vHd 1Y

91 0L O9(NIJIV 1D 1VHdIV) 41

== iS({VIINLINYL 1D IVHdIV) 41

*0=1S((VLIHLINYL O3  LyHdIY) 4T

1=1S((YLIHLINYL LT IVHd V) 31

IVHEIV e 1y 1Y

2/ A\VHAIV=Q1vHdIVY

HdIY13Q«(1=1)+NITV= L vHa Y

1S ZL'9L 18/6C/%0 805+8°p N.1d 1=1d0 ¢ vL/vL

VOO

VLU

(SES RS NSRS

10VS1 WYHOO¥d

111

0S4

(148

ovi

SEl

1114

1143

0Tl

St

75




m
w

)

30vd

0Z'6Z°Ct 18/¥1/S0

an3
N3N TY 14
gy=4Y
INNIINGD T
Nens3y o
T 0L 09(NDIS 03 " INDIS )AL
(1S31)88%/1S31=N9O1S o
(1531)88v/1S31=INDISIN"OI"1}4]
L 0L 0D49-3" 417 11S31)SeY) ]
(EQINVLIVH+ED=(VLIZHLINYI*ZI+VLIHL-13-2D-( 1INV LY=353L
(" 1=-Z-+(BY/34))14OS=E2

8Y8/(v13IHL)S0D28~"1=2) -1
(" 1=T+x(((Vi3HL)S0D+8-8Y)/(VIIHL)ISOD»4H))i¥HS=1D E
: T CL 0T
i+1=N
€ 0L 09(*4°39 ((Vvi3H1)S0D+8-8BY)/(VIIHL)SOD+44)41
100000 (-3} +L¥VIST¥=4Y (24
00001*1=1 Z 0Q
1=N
U N
ONIYY3ID ¥NdS D
ALNTOANT NI WITEO¥d LNDVICNN 3IHL 0 SISATYNY NY ~ YIJJ4VHS 'V ¥ D S1
WoHd NOILYNOI DNISN SNIOYY WHC3 ¥3NNI ONIJ O NOILIV¥3LY NID3E 3
o]
aY=18y S8y
2
SNICYY 31D¥1D 3SVE S1 NOIIVEILI 504 INIVA ONILMVLS D ot
o]
({V13NLINIS-"1)*Hd]L80OH-200 +CEBNSe/2" 1 =8
2
WNON3CCY ¥3LLIND 3ILINROD D
o S
2
NOINIg ¥ 40 SNIOvH WyOJ H3INNDI IHL SILNCWOD INILMOHENS SIML D
]
(4¥'B'SY'NHILIG0H V13IHL 08NS *dN) J83INNT INILAGCHENS 1
80548 v NiJ 1=1¢0 vL/vL SHINNT INILINODYUBNS
e e




T

APPENDIX D

COMPUTER PROGRAM ISAD2




P R T L ¥ oo e $°8

6 01 09
(»1NOY3ANN SI NOINId 3HMle‘XG'+0s)lvNs0d 9
(9'9)311ym -1
L 0L 09(10v4SVYH"19°Nn)41
dy/8-"1=n
o}
1nOY¥3ANN S1 NOINId4 41 3INIws3L13d 9
o) 0s
(b34°e= (4Y4) SNIQYE WHOS HINNI NOINIds*XG‘«0s)lvnH0d §
48(5Y)3114Mm
(4¥°0°'88'4d1L80H  VLIHL ‘08NSd ‘dN) 3YINNT 1TvD
o]
SNIAvH WHO4 H3INNI NOINId 3NIWH313Q 2 114
e

(b 9d*'»= HOLId 3ISvB+'XG's0s/P 94's= (BH) NOINI4 40 |
SNIOYY ISVEs'XG'«0+/v 94 °'s= (8YIYI) ¥Y3ID 40 SNIAYH 3SVE-‘'X3)ivwi0d b
g9d'9Y ' 9¥avI{r )3 1uM
dN/Bu»1d+"Z=84d ov
(Y13H1)S0O+dy=8Y
{Y13H11S0D+du¥dVI=9HdVD

HOl1d 3SVB QNV NDINId ONV ¥Y3D 40 SNIGvd 3Sv8 3INIWN3L13Q w
2+QYL3HLI=V]IHL ? =

SNVIQVY Ol V13HL 143IANOD w
(///€°64'«= (12V6 ? (11

3dSvd) ONILINOHIANN ONINIWHILIQ HO4 MOLOVI HIAAVHS* ' XG'«0«/tl's= (%8
) YOSIAIQ 3JONVY=‘XG'*0+/G°Ld's= (HdILBOH) SNIAVY dILl H3ILIND Yv3IDs*y
XS x0+/€°94' x= (Q2) IFONVLISIQ HIUINID ONILYHIMO'XG'=0»/E°G4'+= (NOHO'
¥) SNIQVY LOAIJ NOINId**XE'€°S4's= (NJYDIOHY) SNIQVH LOAId HV3ID«'XSS
'#0%/2°94'+«= (QVL3HL) S3I3¥0IC NI 3IIONY IUNSSIUd+'XG' «0+/S L3 *= (v 114
0¥) SNIAvY 3QISLNO NOINId='XE€'G L3*'+= (O¥dVD) SNIGvH 3QISINO ¥739+E
'XS'+0%/G L3 s= (d¥) SNIOGVY HDOLId NOINId QUVGNVIS='XE'G Ld4'x= (duZ
dv)) SNIGYY HOLId ¥VID QUVANVLIS+'XG'x0+/0°td*'*= (dN) HLI3IIL 40 HIBWIL
NN NOINId*'XS*#0%x/1'94"'+= (AANSd) HILId TVHLI3IWVIQ«'X9///*1s)1lVAY¥04 €
1OV4SVYE N Hd]180HI (74
'00'NOHY 'NdVIOHE 'QYL3HL ' OF ' O¥dVI ' dY didVI ' dN'QENSJ(E*9) L TUM

VivVQ 3114M

(SRS NS ]

dols{(0°3IN"(5)403)41 St
(P 0413 vI XS P 0L 4E/p 0448 1vvN0s T
1OVISva‘u’ )
HdI1B0H QD NOHY * NdYIOHY ' GVi3HL ‘08’ DEAVD ' dl ' dldVYD ‘' dN'0BNSA(2 S )av3y |

viva gvay oL

(SRS RS ]

‘081/1d=2
6SLvl-€=1d
dN‘J0LW NN Y3y

(NOINId S3AI¥Q Hv3ID)
HS3IW ¥V3IO I1NTOANI SSvd IFTONIS ¥04 SITINIIOIA33 313AD ONV INIOd

VOO

(LNd1ND=93dYL' INANI=GIGVL  LNGLND  LNANT)ZAVST WYHODUd '

b 39vd 94°pi'91L  18/6Z/v0 80S+8°p N1d 1=1d0 vL/vL TOVS1 WYYO0Ud

- o TP A




AN QA <Al A . hetieemenrs fonn e IO SEPOURE P SR, S5

‘010N

. %/ (88dv¥D/8d)=Hd1vI130
(/€°G4's= (NW) INIIDII4300+'XS)1viNNOS b

NU{ys*9)31Tum

sTO »{1-1) + 000" = NW oLl
€EL'L = 0 i1z OO
]
SNOILVINAWOD ADN3IDI443 3 g
e
(///7€ L4 e= (N13TV) 1T S04
YINOD 1YNG 40 ON3 O ONIGNOJSIHHOD ITIONV#*XG'«0+/C L4 += (NITV) 37}
ONY HY3ID TVILINI# ‘XS *»0+/Z p4 s= (HD) DILVY LIOVINOD+'XG'#0s)Llviu0d €1
ONT4IV ONITY ¥ (E1*9)3L1YM
o
SITONY HY3ID TVYNI4 ONV TVILINI ONv Olivd IDVINDD INIyd I 00}
U »
2/N1471v=QONT 4V
Z/NI1TV=0NITY
b
$33893Q 04 NIJIIV ONY NILIY 1¥3ANDD D s6 .
o]
IVIIAQHNITYENT 4TV T
BYdVI/(Bd-(VIIHLINY
(gH+8HdYI ) - (By+QY-0U*0H ) LHOS+(BHIYI +»BYIVI-0udVI«0udVD ) 180S) =1v130
8d/((VL3IHLINVLS 06
«(BU+GHdVYD )~ (BY +»BY-0U+04 ) LUOS+(QUIVI*GUIVI-0UdVI=QHdVI ) LEOS ) =4I 14
; T 01 09
H BYdVD/(Bd-(BY«BY~JH+JY) 1YOS~(BY«0Y~08+0¥ ) 180S ) =1y130 :
i Sd/((BY+Bu-3U+I¥)18DS-(BY+BY-08+08) 180S) =YD
i 2 s8 o
: 1JVINOD 1vnQ 40 N3 D ® \
; ON3 04 ONIGNOJSIH¥OD ITONV ANV OIlvH 1OVINOD ILVINIIVY 2
! 2
! 11 0L 09(2d"19°dzd)4l
| (V13HL)NY L +88dVI-(BYdYI«8YdVI-0UdYI+OHEVI) 1HLS=2d o8
! (OH«8Y-4Y*4H) LHOS-(VLIIHLINVL+BY=d2d
2
Zd NVHL H3iv3¥D SI (3WIudzZd) dZd 31 INIWY3L13IQ D
2
BHdYI/ ((BY*8H-0H»08) LHOS~-(VIIHLINY L+ (8H+8HIYI)) =N]TY sL
o]
319Ny V3O IvILIND 3INIms3130 D
d
(//2+93's= (Ovi3Hl) $3I3UD30 NI 319NT i
Y JNNSSI¥d IVNLIV+ *XG #0+/G L4 = (dY) SATAYH HOLId NOINId TVNIDOVei oL .
‘XG'*08/G L3 w= (dHAVYD) SNIOYYH HOLId HVID TVYNLOV«'XG‘'+0+)1vau0d OL .
QV13HL‘dY ' dddvI(01'9)3iTum

Z/¥13H1=QvIIHL
((09/(Y213K1)50D42))S0IV=V13HL
J/Q8J+dé=dy s9
3/02+d¥dVI=dddV¥D
di+didvi=) 6
d
JIONY IYNSSIHY QMY T1QYY HOLId IvnlOv 3INIwY3L30 I
o] 09
{(*1NJY¥3ANN L1ON ST NOINId 3H1s°'XS'+0s)ilvnd0y 8
(8'9)311um ¢

T 39vd 91°pL 91 18/62/v0 805+8°'p N1d 1s1d0  vL/¥L ZOVS1 WY¥D0U¥d




oN3
I 0L 09
INNIINDD 12 09!}
(//7//%°94 = 343710A0+'XS//)1vAuOd 0Z ﬁ ¥
4431040(02°9)3114M

(443712A7) ADN3IIOI443 31DAD iNldud

[SRERS ]

-1-13
(8Y¥dVI/8d)/101W-HdIV13IA=4431DAD
INNTINOGD 614 i
JIINIOA+50LN=10IN B}
(P°9d'se JAINIOD*'XUL 'L DI ' = 1S«'XE'T 94 = QIVHYIV~"XS)Lvad0d L}
JIINIOd ' 1S QIVHATIV (L1 9131 1um [oI-1}

(43INIOd) ADN3IDIJJI INIOd GNV (1S) INIOd L2VINGD
1y 30804 NOJILIDIYY ¥0d NOIS ' (S334D3A - GIVHAIV) 319NV NOINIg INldd

(SRS R NE)

38/Y¥=431N104d St
QYIVI/ ( 1V % 1 S-NAVIOHY } - NN+~ 1 =88
BY/((LY=Q)» iS+NOHY ) «NW-~ " 1 vy 9} -
8L 01 09
(v 93's= 331
INIOd* 'XE' L b 'ex ZS»'XE' L I s= 1S2'XE'T 99 = QIVHAIV»'XG)Llvar0s Si ovi
4ILINIOD TS 1S QIVYHAIV IS '9) I 1uM

81

(43LNJ0Od) AONIIDI443 4INIOd ANV (ZS) INIDd
LOVINOD GNODJ3S LV 30804 NOILDIHY HO4 NOIS ‘(1S) INIOd IJYINOD 1SyId

1v 30803 NOILOIH4 ¥04 NOIS ‘(S334930 - QIVHITIV) 3ITONV NOINIa INInd SE \

VOVLO

88/Y¥=43INIOd
((25+1S) « (ZSHLS)+NW=NW«NW+NIWH( (ZSHES ) (ZS+IS )+ v )+ N NI+ L
‘B LHOSs ( {NW«NW+ ' 1 ) *BYAVD) /NIVIOHE+NWH(ZV+ZS+IV+ 1S ) =8HdVI/NiN-"2=48
((TSH1S) s (ZSHIS) xNWeNW-NW=NN+H{ (ZS+1S) « (TSHIS)I+ P Ian» NN+ b ) 1a0S 1 ot}
((NWxNW+* | ) =B ) /NOHE «NN=((ZY¥-0) x2S+ (1y-Q)- 151 BU/NN-"Z=VV
“3==2S{{(VIIHLINYL 1D CVHd 1Y) 3]
*0=2S{(V1IHEINVL CI TVHA Iv) 4]
1=ZS({VIINLINVL L1 ZVHd V)]
Bd+iv=gy sTh
Y4V Hd+ I VHATIV=C v Hy Y
91 0L 0D(NIJIV 19 IviHdIv)dL .
*h ez iS{(VIIHLINYL 1D IVHATY) 41
*0=1S((VIIHLINTL 03 tVHdTY ) 4T :
L= S{(VLIIHLINVL L1 iVHd IV )] ozt .
LYHY TV +@2dyD= 1Y
2/VYHAIV=Q 1 YHd Y
HdIv13d«(i=-1)+NI[Tv=LyddIy
A=l &4 0Q
(V13IHLINV] + (B8 +BYHAYD)=Q St

39vd 9i'vi'9L 18/62/¥0 805+8°Yy Nid t=1¢0 vL/VL ZavsS1 WYHOOud




M |

e,

ON3
NENL3Y 3
€4=3Y
INNTINDD T
NENEIY
T OL 09(NDIS 03 4NTISIS]
(1531)5aY/1S2i:=091S ot
(1531)S8Y/1S31=INDIS(N- 0T 1) 4]
L 0l 09(8~3° 1" L1 (L1S3L)8E%)41
(EOINVIVHED=(VLIIHLINYL*TI+VIIHLI=-1D~ZD-( I D)NVIV=1S5]
(*1=C-(8Y,/3¥8))1405=£D

AY/(vi13HL)S0Z*+8-" 1222 sz
£ 1=Txr{{{V13HL)SOD*B-BY)/(VIIHLISOI*+24))1¥0S=1D €
Z 01 09
L+]1=N
€ OL 09('1°39°((V13H1)S0D*9-6Y)/(VvLIIHI SO «44) 41
100000 = (1~T)+1EVISOy=4Y (14
00001°1=1 ¢z 0Q
L=N
2
ONINV>- ®NdS I
JLINTOANT NI W3IT80Md LNDHIANN 3HL 40 SISATYNY NY - ¥IJS4YHS 'y *H 9 si
WOdd4 NOIIVNO3I ONISN SNIAYY WHOZ H3INNI ONIJ O4 NOILV¥31I NID3E D
2
SY=1¥v158Y
b}
SNIGVYY 31D8ID 38Vv8 S1 NOILv¥3Ll 803 3INIVA ONIL¥VIS D 0}
2
((V1I3HL)NIS="1)%Hd1180H~Z00"  +QAENS4/Z"1=8
2
WNAON3QAY H3LLIND 31MldW0D D
b} S
b}
NOINId ¥V 40 SNIQYY WE03 ¥3INNI IHL S3I1NZW0D 3N1LCrONENS SIWL D :
o]
{48°E°8Y ' 4dI1Ll0O0H V13H]'0BNSd *dN)J8INNT INILNONANS ' 1
! 39vd LI*OE €L 18/b1/G0 80G+8 b Nid 1=1d0  bL/beL 443NN INILNOHBNS l




i kil d
g b —pyv 1

Vo,

APPENDIX E

SAMPLE OUTPUT: DRIVE ARM PINION GEAR AND MAIN SHAFT MES:l

OF EXOATMOSPHERIC DRIVE ASSEMBLY

B R o e 7 TN s o e

e

o

3




g

———

s X . ) .
W Y RPN TS CH T O P STy SR T e L e roe

0000°l= J3ILINIOd 0'le=s TS 0°t = IS Z1°EL ® QIVYHATY
0000°i= 33INIOQJ 0°t-= TS 0°t =4S 60°C1 = QIVHATY
0000° )= JIINICQd 0" l-= TS 0t = IS 90 1L = QLVYH4Y
0000°+= J3INJOd 0't-= CS 0L = IS €0°04 = QiVHdIY
0000° 4= 3J3IINIOM 0°l-= TS 0°L = IS 10°6 = GIVHJTIVY
0000°t= 43INIOd 0°i-= ZS 0°¢ = IS 86°'L = QIVHdIY
0000 ¢= JILINIOd 0°1~= TS 0°4 = IS 66°9 = QIVHdIY
0000° 1= 431IN]IOQ¢ 0°4~= CS 0'4 = IS 26°S = QIVHAY

000°0= (NW) LIN3IJ144300

9r6°EL = (NJ41V) LIVINOD 1¥YNO 40 GN3 0L DNIAONOCSIHHOD IJIONV
616°S = (NITV) 319NV HV3ID TVILINI

i€ 1= (H2) OILvy 4OVINOD

Z8*1T = (QVi3HL) S33¥93Q NI 3IIONVY JYNSSIAd 1vNLOV
1L041* = (d¥) SNIQVY HOLId NOINId IVNLIV

6.681° = {d¥dVYD) Sniqvd HOLId BY3D IVNLIV
1NJB3GNN ST NOINId 3HL

TEOL' = (J¥) SNIAYY WYO34 H3INNT NOINIG

19v0° = HOLId 3SVE

8T01° = (8¥) NOINId 40 sniqgvi 3sva

TOLL* = (BudvI) ¥V3ID 30 SnlQvy 3sve

€88° = (LOVISYH) ONILINDUIONN ONINIWNILIQ ¥D3 HOLDV4 MIJIVHS

| sZ = (M) HOSIAIG 39NVY

00000°0s (HdILAOH) SNIQYY dILl ¥3ILIND ¥V3ID

10E° = (0J) 3ONVISIO ¥ILN3ID ONILVY3IdO

T90° = (NOHY) sNniavd L1OAId NOINId 290° = (NdVOOWY) SNIQvd 10AId Hv3D

00°0Z = (OVi3IHl) S334D30 NI 319NV JHNSSIud

00sZi* = (OM) SNniav¥ 3QISIND NOINIG E€1€0Z' ® (0¥dVI) SNIQvY 30ISLN0 y¥v3D

B8E604° = (d¥) SNIAVY HOLId NOINIJ QYVANVLIS  0SL81° = (d¥dY¥d) SNIQVY HOLld HVID QHVANVIS
*pl = (dN) H133L 40 Y3EBWNN NOINId

0'v9 = (Q8NSd) HILld IvHIIWVIC

85




050° = (NN} IN3ID144300

0996° = 43310A)

¥L96° = J3INIOd O0'le= IS EL°ST = QIVHATY
§L96° = JIINIOL 0°t-x IS €8°vZ = GIVHIIY
€896° = 33IINIOG 0°il-* IS E£6°EZ = OIVHAIY
1896° = J31NIOd 0'l-x IS €0°€Z = QivHdIY
¢696° = JIINIOd 0" L=-= IS €1°ZZ = QIVYHAIY
9696 = 431NIO0d G 'l=-= IS €T IT = QIYHATY
L{896° = 43IINIQd 0L = IS EE 02 = ClVHJIY
¢896° = 43INIOd Q'L = s EV° 6L = QIYHAY
8L96' = 3J3INIOd 0'L = 1S £5°81 = QiVHIIY
€L96° = JIJINIOM o't = IS €9°L1 = QIYHAVY
6996° = 33INIOd 0°1 = 1S €1°91 = QIVHAY
996" = JIAIN]|Od o't = IS €8°G1 = QLVHdY
6596 = J43INIOd 0°'L = IS €6°vI = QIVHAIY .
$G96° = J431MI0d 0°1 = IS €0 I = QILVHAY
LE9G® = 43INIOd 0'l=-= TS 0°1 = IS €i°E1 = QIVHAY
LEG6" = I3IINIOd O0°l=-= TS O0°L = IS ET'ZI = QIVH4IY
LE96" = JIUINIOd 0°1-= TS 0} = IS E€E° L} = QIVHAIY
LES6® = 4IINIOA O0°4~= TS 0°) = IS Ev 0L = QIVHAIY
LE96" = 43INIOd  O0°t-= TS 0°) = IS €56 = OQLVHIIY
LE96° = 43INIOd  0°1-= TS O0'1 = IS £9°8 = QLVHIIY
LE96" = 43IINIOd 0 4-= TS 0'1 = IS EL°L = QLVHAIV
LE96° = 431NIDd  0°3-= 2S 0°'t = IS €8'9 = QIVHATY ©
L€96° = 43INIOd 0°Ll-= TS O0°} = 1S E€6°S = QiVHAY @©
LEY6® * J3INIOd 0°1-= TS O0°t = IS E€0'G = QILVHA1Y
LE96° = JIINIOd 0°1-=2S 0°1 = IS El'p = QLVHAIVY

620" = (NW) INIIDT33300

0000° 1= 34370A)

0000° 4= 431N10d 0°1-x IS EL4'ST = QIVHJY
0000° L= 43INIOd 0°i-= IS EB°pZ = QLYHJIV .
0000°t= 33I4NIOG 0°1-= IS E€6°EZ = QIVHJIV
0000°I= J3ILNIOd 0'tex 1S €0°ET = GIVHJIIY
0000°"i= JILINIOG 0'lex IS E1°TZ = GIVHJIY ¢
0000 i= 43|N1Od 0'1-= IS EZT°I1Z = GIYHJIV
0000°¢= 43INIODd 0'L = IS EE°0Z = QIVHAIY
0000 t= J43INIOd 0L = |S EY'61L = QIYHJIY
0000°' 4= 43INIOd 01 = IS E€6°81 = QIYHdIV
0000°i= 43INIOd 0'1 = IS €9°L1 = JIVHdAY
0000° 1= 43iNIOd 0} = IS EL°91 = QIVHITY
0000°1= 43iIN10Od Q'L = (S €8°GL = QiVHAY
0000 1= 431M]0d 0l = IS €6'vI = AIYHdY
0000° 1= 33INIOd 0'L = IS  €0°PI = QIVHJIV
0000° 4= J3INIOd 0°1== BS 0'1 = IS EL'El = QIVHIIY
0000° 1= 43IN1Od 0'le=a Z§ Q'y = |§ €T°TV = QIVHaY
0000° 1= 43INIOd 0°1=-= 25 Q') = IS EE'4L = QIVYHAY ’




v806° * JILNIOM ‘te= IS €L°ST = QLYHdY
9606° = 43IN]Od ‘b=z IS €8°vZ = CQIvHJTY
8016° = 33INIOM hez 1S €6°€T = QIVHJIY
0216° = 43INIOd b=z 1S €0°€Z = QiVHJIY
CEL6" = J4IIN]Od ‘b=z IS €1°CZ = 0IYHITY
tri6° = J43INIOd ‘1=z 1S E€T°1Z = CiIVHJIVY
8806° = 3J3IINIOd ‘4 = IS €E€°0Z = QIVH4Y
GL06° = 43LINIODd L o= 1S EV Gt = QIYHATY

£906° = 43INIQd
0606° = J3IINIOd
LEO6" = 43INIOd

£9°81 = QlVH4VY
s S €9°L1 = QIVHAIY
L 3 €L°91 = GivHdY

[
-
W)

OO0 O0QO0OO00O0VOVOO0O0VAODIOIOCOOO
Lol ol i o e I i aladt B i )
L
v

GC06° = 43INIOd 4= S €861 = Qi1vHeTIV
2106 = 43INIOd €6°v1 = ClVYHATVY
6668° = 131IN10d ‘4 = IS €0°p1 = OIVYHdAIY
€.68° = 431N10d 0" t-2 ZS ‘1= 1S €4°Ct = QLYHIY
TLEB" = 33INIOd 0°4=-= ZS ‘L= 1S €2°Z1 = GIVHJTY
TL68° = 43IMID4 0*1-= ¢S ‘L = 1S €€ 11 = QIYHAIY
¢L68° = 43INIOd 0°1-=ZS ‘L= s €v° 01 = QLYHJITV
tL68° = d43INIOd 0°t-= TS ‘L= 1S €5°6 = QIVHJTY
TL68" = d3iNn10d 0°3-= TS 1= 1S €9°8 = QIVH4TY
¢L68° = 33INIOJ 0°l== ¢S I 3 €L°L = QLYHdTY
TL68° = JILINIOG 0°b-=28S o= 1S €8'9 = QiIVHdIV
¢L68° = 43IN1Qd 0" 4-= TS "4 = 1S €6°S = QIVHJTIV
TL68° = 33IINIOJ 0°1-= S ‘'t = 1S €0°G = QIVHdIV
TL68° = J43INIO4 0°1-= ¢S 1= 18 €L = QLVHdTY

SL0° = (NW) LIN3IDIJ4300

~
[+ o]

9EE6°* = 44370AD
69€6° = J3ILINIOd 0°t=-= 1S €L°ST = QIVHITY
BLE6" = 43IUINTOJ 0° == IS €8°'vZ * QIVHAY
98E6°' = 43INIOd 0°1-= 1S £E6°€T = QIVHJIY
S6£6° = JILINIDd 0°1-= 1S €0°ET = CIVHIIV
EOP6° = JIINIQd Q" b=-= 1S €4°22 = OlvHdY
Tiv6° = 431INJOd 0't~= IS €T°1Z = GIVHdITY
EBE6" = JIIN]Od 0°1 = IS €E°OT = QIVHATY
viE€6° = 43INIOd 0't = IS €V 61 = GIVH4IY
G9€6° = J3AINIOd 0°t = IS €6°81 = QIVHJATY
LSEG® = J3INJOJ 0'4 = IS €9°L1 = QiIVHJTY
8rE6" = 43AINIOd o't = IS €L'9L = GIVHdATY
6EE6" = J43INIOd 0°1 = IS €8°GS1 = JiVHJTY
0EE6" = 33ILINIOJ 0+ = 1S €6l = GCIVH4V
ITE6" = 431MN]0d 0°4 = IS €0°PL = QivHdY E
S6C6° = J43LM]ICd 0 == ZS Q"L = IS EL°E€L = QiVYHdIY .%
G6¢6° = 43iINiOd 0' == 2§ 0"} = 1S €T°ZL = QIVhYTY
G626° = 43INIOd 0°t-= 2S 0L = IS €€ L1 = QIVH4Y -
S6Z26° = JALINIOd 0°4-= TS 0°L = IS EP°0L = QLVH4Y ¢ 4
S6C6° = 43INICd 0°4-= TS 0t = iS €9°6 = CIVH4Y 4
G6C6° = 43IINIOd 0°b=-=2S 0°4 = IS €9°'8 = QIVHdATY - ]
S6Z6° = 431NIOd 0'4~= TS 0°t = 1S €L°L = UIVHdIY A
G6Z6°' = 431IN1Od 0°1-= TS 04 = IS €8°9 = GIVYHd4IV . A
G6Z6° = J3ILINIOJ 0*1-= €S 0°4 = IS £6°G = QIVHdTY .
6626 = J3IINIOd 0°b-= TS "L = IS €0°G = QIVHdTV
S6C6° = J3IINIOd 0°l-= ZS 0°t = IS €4'p = GIvH4TY ;




yore*
1a4:h
[-144:
o0v8”
L8g8”
8LES”
BLES "
8LEB"
8LEB”
8LEB"
8LEB”
gLEe8"
8Le8"
8LEB"
gLe8”
8LE8"

9i88°
1EBB"
14N
[4:1:1: 0
LL88"
€688 °
1088°
S8L8”’
69.8°
(474N
9eL8”
orLs”
voL8”
8898 °
9998 "
9998 "
8998 "
9998 "
9998 "
9998°
9998 "
9998"
9998°
9998°
8998"

itn

431IN10d
431IN10d
431N10d
431INJOd
431IN10d
43INIOd
431N10d
331N10d
331N10d
J3INIOd
43iNTOd
43INIOd
431IN10d
331N10d
J3INIOd
431IN10d

431IN10d
331N10d
431INIQd
43IN10Od
431N10d
431IN10d
434INIOd
431N10d
431N10d
431IN10d
334N10d
J31IN1Od
43INIOd
334NI0d
431M]10d
431M10d
43iMT0Od
431IN10d
43INIOd
431INIOd
331N10d
431IN10d
43INIGd
431IN10d
434NIOd

0°lax
0 l=-=
0°t-=
0' ==
0" ==
0°4~-=
0 l-=
0" 4~=
0 b~=
Q°Ll~=
0" t-=

TS
s

zs
zs

(43
(43
TS

Ts

0000000000000 00Q
— - YT~

['d)
o~
-

- -
"1
L)

e s .
nune

.

L

COO0CO0OO0O0OVLOO0O0ODOOVDOOODOOO0O0O
- e v e Ve v e =

001}

33 €9°L) = QLVYHdTY
1S €L°91 = QIVHAIY
1S €8°Gt = CGIVHAIY
1S €6°p1 = QLVYHJTVY
33 €0°vL = QiVHAIY
s €L°€L = QLVHITY
15 €EZ°CL = QLVHdATY
1S €EE°t1 = QIVHITY
113 Ev 0L = QLVHdY
1S €G°6 = QIVHAIY
IS €9°'8 = QIVHJIY
IS €L°L = QLYHAIY
1S €8°9 = QIVHJIY
13 €6°S = QLVHJTY
1S €0°S = QLVHdY
1S €EL'p = QIVHATY

* s (W) IN3I0144300

9€L8° = 43370A

33 €L°GT = QLVH4TY
3 €8°vT = QIVHJY
S €6°€T = ClVHdIY
s €0°€Z = QIVHITY
(33 €1°2C = QLVHIIY
1S €T LT = QLVYHITY
(3 EEO0Z = QIVHAY
33 €y 6L = QLYH4Y
IS €S°81 = QiVHd4Y
1S €9°Lt = QIVHATY
1S €L°91 = QIVHAIY
3 €8°GlL = QIVHJY
IS €6°b1 = QiVHIIY
1S €0°pt = QIVHAIY
33 EL°EL = QIVH4TY
is €T°CTL = OIVHdATY
1S EE' 11 = QIVYHAIY
IS €v° 0l = QlVHAIY
(33 €S°6 = QIVHATY
137 €9°8 = QiVHdYY
13 €L°L = QIVHAY
(3 €8°9 = QIVHAIY
13 €6°'S = QIVH4AY
33 €0'S = QIVHAY
3 €l = QiIvHdIY

o= (NN INITD144300

6T06° = 443713A

88




Ll e e i e L iE ) TRy ey waera

e
69V8L° = 3IINIDd 0'1-= TS 0°1 = IS €5°6 = OLVKAY
6v8L° = 43INIOd 0°'L-= TS o't = IS €9°8 = OIYHdY
6v8L' = 43INIOd 0°1-= S 04 = 1S gL°L = QIVYHATY
6v8L° = JIINIOd O0°1~-=2S 0°l = IS €8°'9 = QIVHJITY
6v8L° = JIUINIOd O'l-= ZS 0L = IS €6°'G = GLVYHJIY
6v8L" = 43LINIOG 0't-= TS o't = 1§ €0°S = CIVHAIY
603L° = 34IINIOd 0°'1-= TS 0°L = IS EV'v = QIVHATY

SLLT = (NW) IN31D144300
€618° = J4370AD
LTEB" = 43IN]IOd 0°l-= IS EL°GT = QLYHdIY
8YE8° = 343IN1Dd C*i=2 1S E€B'HZ = QiYHJIY
69€8" = J43INIOd 0°t-2 IS E6°€ET = GiVHIIY
68E8° = 43INIOJ 0'i-= IS E€0°EZ = OiIVHJIIV
0ily8° = J3INIOd 0'4-= IS €1°2ZT = UIVYHAIV
LEY8* = 43LINIOG 0°l=% IS €T°1Z = QiVHdIIV
16Z8° = J3IINIOd 0°4 = 1S €£°0Z = GiVHJY
6228 = J3ILINIOL 01 = 1S EP 61 = AivHAIY
9028 = 43INIDd 01 = IS E€S°8F = GIVHdIV
p8ig* = 43INIOd 0°b = IS €9°L1 = QLYHdIY
z2918° = 33INIOd 0L = 1S EL°9) = GiIVHJIY
6E18° = 43IN1Od 01 = 1S €8°GL = QiYHdIY
4118 = 431INIOd 0L = IS  €6°p1 = AIVHJIY
6608° = JIINIOG 01 = 1S  €0°vy = GLVHJIIY
9018 = 3J3ILNIOd 0')-= TS 0°F =4S  E1°EL = GIVRIIV o
9018° = J43INIGd O0't=-= ZS 0L = 1S ET'ZT4 = JIVHJ4IY «©
9018° = JIINIODd O°t-= TS 0L = 1S EE°1t = CLVHJY
9018 = 43INIDd 0°4-= ZS 0t = 1S Ev D4 = QLVYHATY
9018° = 43INIDd 0°i-= ZS 0L = 1S €S°6 = G1VHIIV
9018°' = 33iNiDd 0*t-= ZS 0°1 = 1§ E9'8 = GIVHAIY
9018 = J3IINIDd 0 4=-= ZS 0'1t = IS €L°L = GIYHATV
9018° = J3INIOd 0'i-= TS 0y = IS €89 = GiIVHAY
9018 = 43INIOd 0°'l-= TS 01 = IS €6'G = GIVHJIY
9018 = 43INIOd 0" 4~-= TS 0t = IS €0°G = GiVHdIV
9018 = 43IUINJOd  0'41-=2S 0°1 = 1S E€i°'p = OIVHIIY
051" = (NW) IN3ID144300

85v8° = 34370AD

§9G68° = J43INIOd 0°t== IS €L°GT = QivHAIY
€8S8° = 43LINIOd 0*i=-> IS €8 °vZ = ALVHdY
1098° = 431INIOd 0"4-= IS €6°EZ = QIVHAY
6198° = J43INIOd 0" t=2 IS €0°€Z = AIVHdTY
LE9R = 43INIOd 0*i=-= IS €1°22 = QlyHdY
S698° = JILINIOM 0°1-= IS ET 1T = OIVHAY
ZZsS8° = J3INIOd 0¥ = 1S EE0OT = QIYHATY
€058° = JIINIDG 0'F = 1S Ev 61 = QLVHdY
£8v8° = 43LNI10d 0" = 1S €6°81 = GIVH4Y




669L° = J4310AD

TEBL' = 431IN1Od 0°1-= IS €L°ST = OIVHAWY
L16L° = 43IN]Od 0°t-= IS €8 °vT = OLVHIIY
TY6L" = J3INIOd 0'b=z IS €6°ET = GIVHJY
L96L° = 43IN1Od 0°t-= IS €0°€T = GIVHJIY
€66L° = JIINIOd 0'L== IS €L°CZT = QIVHIIY
8108° = 3J3INIOJ 0°1-= 1S ETTIT = QLVHJIY
VELL® = 43INIOd 0°1L = IS €E€°0T = QIVHIIY
€0LL" = 43IN1Od 0°1L = IS €EP°61 = TIVHAIV
9L9L" = 43IN]Od 0t = IS €S°81L = QIVHIIY
8v9L° = J43INjOd o't = IS €9°LL = QIVHIY
129L° = 431INI0d 0L = 1S €L°91 = QiIVHIIV
p6SL" = 43INIOd 0°L = IS €8°Gl = GIVHd4IY
L96L" = 3J3INIOd 0L = IS €6°tl = QLVYHJIY
ovrsl® = JIINIOd 0L = IS €E0'pL = QLVHIIY
909, = J43LINIOd 0'l-x ZS 0"t = IS EL°EL = GLYHITY
909L° = 3IINIDG 0°4-= 2§ 0°1 = 1§ €T°C1 = GIVHdY
909L° = 3J3LN1Od 0°l-= TS 0’4 = IS €E° 11 = QIVHATY
909L° = J3ILINIOd 0°t=-2 ZS 0°4 = 1S EV°0t = QIVHAY
909L° = 43iNl10d 0'l-= 23S o't = {S €6°6 = QIVHdIY
909L° = 43INI1Od 0'1-= 2SS 0°} = IS €9°'8 = QIVHJIVY
909L° = 43INIOd 0°1-=2S 0°4 = IS €L°L = QIVHAY
909.° = 431N10d 0°4-= TS 0°y = IS €8°9 = QIVYHAY
809L* = Jd3LINIOd 0°t-= TS 0°L = IS €6°G6 = QIVHAIY
909L° = J43IN1Od 0°L-=2S 04 = IS €0°G = QIVHIY
909L° = J43iINIOd 0°b-= 2S 0'L = IS El'y = QIVHIIVY
00Z° = (NW) IN3IJI44300

OP6L° » 34370AD

v018° = J31IN1Od 0't-= IS €L°GT = QIVHAY
LT18° = 43IN1Od Q°i== S €8°tT = ALYHAY
0S18° = J43INIOd 0 l=-= IS €6°€T = QLYHdY
€L18° = 43INIOd 0°t-= IS E0°ET = GIVHAY
9618° = 43INIOd 0°4-= IS €1°ZC = QIYHITIV
6128° = JIINIOd 0°l-= IS €T IT = GIVHAY
886L° = 43LIN10d Q'L = IS €E°0T = QLYHAY
¢96L°. = 43INIOd 0°L = IS EP°61 = QIVHJITY
LEGL" = J43iINIOd 0°L = 1S €5°81 = QIVHAY
Z16L° = 43INIOd 0°L = iS €9°L) = QIVHJATY
L88L° = J43INIOd 0"t = 18 €L°'91 = QiVHAIY
¢98L° = JILINIOd Q'L = IS €8°St = QIVHAY
8EBL" = JIUINIOd 0'y = IS €E6°vI = QIVH4IVY
€18L° = 33IiINIOd 0°1 = 1S €0'PpI = CiVHAIY
év8L° = J3IINIOd 0°l-= TS 0'4 = IS €€l = QIVHATY
6v8L" = J3INIOd 0°4=-= 2S 04 = IS ET'TI = QiVvHdAIY
6p8L° = JILINIQ 0'l-= ZS 0't = 1S €E 1L = QIVHITY
6v8L = J3ILINIOd 0°l=-= ZS 0°L = IS EV 0l = QIVHJY

S N L . L~ .. _ L PR PR YOO




1EGL° = J4AINIOd 0'l~= IS EB8°VZ = GLYHdIY
65SL° = JIINIOd 0't=x IS E£6°CZ = QLYHATY
88SL° = 43IN10d 0'l-= IS €0°ET = QIYHdIV
L19L° = JAIN]OM 0't-= 1S EL1°ZZ = QiyHdIY
gb9L° = JIINIOd 0" L-= IS €C°1T = OLVHdY
8E€ZL" = J3I(NIDG 0"} = IS  EE°0Z = QLVHJIV
90zL" = J3INIOd 0Lt = IS  E€¥‘'6) = QLVHAIY
viiL' = 431N10d 0') = IS  £S°81 = QIVYHJIV
EPiL = 43INIQd o1 = iS €9°L1 = QIVYHJITY
1hiL® = 43INIOd 0"k = 1S E£L°91 = GIVH4IY
0BOL"® = 43(NIOd 0t = IS €8°'S1I = QIVYHdY
6v0L° = 43iN10d 0't = IS  €6°tL = GiyHalV
810.° = 3J3INIOJ 0°1 = IS E€0°bi = GIYHdTY
0914 = 33IINIDd 0°3==ZS 0°) = IS EL°E) = ULYHdIV
091L° = 43INIOd  O°4==ZS 0°1 = IS EZ'ZI = GIVYHdY
0914° = 43INIOd  0°3==ZS 0°L = IS EE LI = QIYHdIV
091L° = 43(NIOd  0°t== S 0'% = 1S € 01 = QIVHAIV
091" = 43INIOd  O0't==2ZS 0°1 = IS €56 = divHd1Y
091" = 3IUINIOd O0°4== TS O0°4 = IS £9'8 = GIvHdIV
0912 =+ J4IINIOd 0'1=-= TS 0'L = 1S  €L°L = GIVHI1V
091L° = 43INICd 0'iI-= ¢S 0L = 1§ £€8°9 = QILVHIV
091L" = 431NIDd  0°1-= ZS 0'L = IS EB6'S = QIVHdIY
091" = 43INIOd  0°4~=2S O0°t = IS €0°6G = QLYHAV
091L* = 43INIOd 0't~= 28 Q01 = IS €'y = QIVHJY
052° = (NK) INIIDI44300

vl

69vL* = J4310AD o
692" = 33INIOM 0't== IS E€L°GZ = QLVHJIY
61LL° = 43LNIOd 0'l-x tS E€B8°¢T = QLVHAIY
abLL® = JIINIOd 0'1-= IS €6°EZ = GlvHdY
€LLL" = A3INIOJ 0°1== IS  E£0°ET = QIVHAIY
008L° = 43INIOd 0°t~= IS E1°ZZ = QLYHdY
LZBL" = 43INIQd 0'i-= |S [ 52 A = QIYH4Y
ZBYL® = 43(NIOd 01 = IS E£E€°0Z = QLVHJAIV
16p2° = J3INIOJ 0L = IS  EP6L = ALYHdIY
zZrl® = 33INIOd 01 = IS €S°81 = GIVYHdIV
Z6EL' = i3INIOd 01 = 1S E€9°LL = QLYHAIY
Z9€L" = 43INIOJ 0L = IS E£L°91 = QIVHdIY
EEEL’ = 313IINING 0°1 = 1S EB°Gl = QILVHdIV
POEL" = 431MIOd 0L = IS  £6°¢1 = QIVHd1Y
sLzLt = 43IN1Od 0t = 1S E0'pl = GLYHdTY
LLEL" = 43INIOd  O0'~= TS  0°1 = 1S  EI'El = QIVHAIV
LLEL" = 43INIOd  0°1=-3 TS 0°f = IS €Z°Z) = QIVH4IV
LLEL™ = 43INIOd  O0°t=-= TS O0°) = IS EE'1} = QIVHITV
LLEL® = 43INIOd  0°4-3 TS Q0'tL = IS  E¥ 0L = QIYyHdIY
LLEL" = 43INIOd  0°b=-= 28 0°L = IS €56 = GIVHdIV
LLEL® = 43INIDd 0°1-=2S 0°4 = IS €9°8 = QIVHIIY
LLEL" = 43INIOd  0°t-= 2SS 0} = IS EL'¢ = QIVHAIY
LLEL® = 4IINIOd  O0°1-= 235 O0°L = IS €8°9 = QLVHdIY
LLEL" = 343INIQd  ©0'4=-=2S 0°) = 1S  €6°G = QLVHJY
LLEL° = JIINIOd ©0°4-=22S O0°1L = IS E€0'S = QLVHdIY
LLEL® = 43INIOd  O0°b==ZS 0°L = IS E€l'b = QivVHdIV
SZZ" = (NW) IN3ID144300




P T O a0 ik, g

L g e e e rem

P I L = T

6299 = 43,4104 0‘t = IS €L°94 = QLYHdIY
$669° = 43INIOd 0°4 = IS €8°G1 = QIVHAIVY
0989°' = J3IINIOd 0°) = IS €6°v)L = QIVHdIV
92S9° = J3INIOd 0°t = IS €0°tiL = QIVHIY
1949 = 43INICd 0= TS 0°y = IS €1 €1 = GIVHAIWY
1949° = 43IN]Od 0= TS 0°s = IS €T°CTL = QIVHdTY
19.9° s 43IN]JOd 0~ 2S 04 = 1S €EE° 11 = QIVHdYY
18L9° = 3431INIOd 0°4-= TS 0"y = 1S Ev 0L = QIVHdIY
1949° s 43IN]Od 0°4-= 2§ 0°1 = IS €5°6 = GIvHdY
1929° = J43INJOd 0°L-=2S 04 = IS €9°8 = QIVHdIY
192.9° = 331N10d 0°V=-= TS 0°F = 1S €L*L = QLYHAY
18L9° = 343INIOd 0°4-= TS 0"t = IS €8°9 = QIYHJIY
19249° = J43(N1Od 0°t-= TS o't = (IS €6°G = QIVHJY
1949° = 43IN1Od 0°1== TS 0°1 = IS £€0°S = QIVHAY
19.9° = 43IN]I0d 0" k== TS 0°1 = IS €i'p = OQLYHdY
00€° = (NW)} INIIDT44300

6E0L* = 343704

ETEL' = JIINIOM 0°L== IS €L°ST = QIVHdAIY
TGEL = J43IINIOd 0°1=-= S €8°vZ = GIVHIWY
el = 43INIOd 0'Ll~= |S €6°€Z = QIVHdY
ElpL” = J43INIOd 0°i-= IS €0°€Z = QIVHdTY
€vvl° = JIUINIOG 0°L-= IS €4°2C = QIYHdY
bibL® = 43INIOd 0°L-= IS €T 1T = QIVHAIY
Z00L" = 43IN]Od 0L = IS €€°0Z = QIVHdIIY
1969° = d43INIOd 0°t = IS Ev: 61 = QIVHdIY
vEE9° = J3INIOd 0°1 = IS €S°81 = OIVHATY
0069° = 43INIOd Q'L = (S €9°L1L = CIVHdIY
4989 = 43INIOd 0°L = IS €L°9) = QIVH4Y
VEBY " = J3IINIOd 0°L = IS €8°S) = GLVHdY
1089 = 43INIOd 0°L = 1S €6°v1 = QIVHITY
89.9° = J3INJOd Q"L = IS €0°ylL = QLYHdY
6569° = J3IINIOd 0°4-= TS 0L = IS €L°EL = QIYHATY
5569 = 431INIOd 0'3=-= TS 01 = IS €T°CT1 = QIVHdTY
GG69° = 43INIOd 0°L-= TS 01 = IS €€ 11 = QIYHATY
6669° = J3INIOd 0°1-= ZS 0V = S EP 0l = GIVHAY
6G69° = JILINIOJ 0°4=-= TS o't = IS €S°6 = QLVHdY
§669° = 331N104 0°1-= TS o't = IS €9°8 = OIVHdY
$569° = 43IN1Od 0°i~= TS 0°4 = S €L°L = QIVHdAY
6569 = J43INIOd 0°4-= TS 0"t = IS €8°9 = QIVHJTY
6669 = JILINIOM 0°1-= CS 0°1 = IS E6'S = QIVHdTY
6569 = 43INIOd 0°1-= TS Q"1 = 1S €0°s = QIVHdIY
§569° = J3IINIOd 0°l~= €S 0't = IS €i'p = CIvHETY
6LZ° = (NW) LIN3IJI44300

6vTL = 34310AD

E0GS.L" = 43INIOd 0'i-= IS €L°ST = OlVHdTY




T e Ml £

/94

LEBY9® = J44370AD

1S1L° = 43INIOd 0°'t== 1§ €4°GT = QLYH4TY
€81, £ J3INIOd 0°t-= |S €8°vT = O0LVHdY
vIZL* = J3IINIOd 0°i== IS E6°EZ = QIVHJIVY
SbZTL® = 3IINIOM 0°t=-z IS €0°ECT = QIVHATY
LLTL® = J3UINIOd 0°1-= IS €1°2C = QLYHdITY
60EL" = 43(NIQd 0' V== 1S €T°1Z = GilVHAIVY
bLL9* = 43IN1Od 0°4 = IS €E°0C = QIVHdTY
GEL9" = J4IINIOd 0*4 = IS €V 6L = QLVYHAIY
6699 = J431IMNIOd o't = IS €9°81 = QIVHJIY
$999° = J43INIOd 04 = IS €9°L1 = QIVH4TY




R

it Lo, -

2t ol

DISTRIBUTION

Commander
U.S5. Army Armament Research
and Development Command
ATTN: DRDAR-TSS (5)
DRDAR-GCL
DRDAR-LCN, H. Grundler
G. Demitrack
R. Drummond
L. Horowitz
A. Nash
R. Brennan
W. Dunn
A. Giovannoli
C. Janow (3)
L. McConnell
F. Tepper (10)
L. Wisse
Dover, NJ 07801

Administrator

Defense Technical Information Center
ATTN: Accessions Division (12)
Cameron Station

Alexandria, VA 22314

Director

U.S. Army Matericl Systems
Analysis Activity

ATTIN: DRX5Y-MP

Aberdeen Proving Ground, MD 21005

Commander/Directur
Chemical Systems Laboratory
U.S. Army Arwmameat Kesearch
and Development Command
ATTN: DRDAR-CLJ-L
DRDAR-CLB-PA
APG, Edgewood Area, D 21010

Director
Ballistics Research Laboratory
U.S. Army Armament Research
and Development Command
ATTN: DRDAR-TSB-S
Aberdeen Proving Grouad, MD 21005

95

T

v

EAS ~ai

& T T &



MR

y

Chief
Benet Weapons Laboratory, LCWSL
U.S. Army Armament Research
and Development Command
ATTN: DRDAR-LCB-TL
Watervliet, NY 12189

Commander

U.S. Army Armament Materiel
Readiness Command

ATTN: DRSAR-LEP-L

Rock Island, IL 61299

Director
U.S. Army TRADOC Systems
Analysis Activity
ATTN: ATAA-SL
White Sands Missile Range, NM 88002

96

S X 3







