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I. INTRODUCTION

Using simple friction models in digital computer simulations sometimes leads to less than
satisfactory results. Consequently. two friction models were developed, one being a
modification of the other. These models essentially combine two simple friction models.

The two models are compared with a third which is often used for friction modeling. For
testing, the models were embedded in a second order spring-mass-damper system.
Comparisons are made between the three systems for different system gains, friction values
and damping using sine wave and step inputs. Only the RK2 integration algorithm was used

because of its predominant usage in the author's simulations. The test program was written in
the Advanced Continuous Simulation Language (ACSL).'

2. MATH MODELS

The friction models are incorporated into a second order spring-mass-damper system.
Similar system models are often used to represent missile seeker platform dynamics. Figure I is
a block diagram of the test system. The closed loop equation without the friction no nlinearity
is

, I K
T 2
M3 S™ + B*K*S + K°CMPL

where ¢ is the platform angle (radians); Tw; is the motor torque into the system (ft-1b); B is the
viscous damping (ft-1b/rad/sec); CMPL is the spring constant (ft-1b/rad); and K is the inverse
of the platform inertia (Ib-sec’-ft)"'. The values for Ty: and CMPL were chosen to keep ¢ well
below /2 rad. Initially, Twms is 5 ft-Ib and CMPL is 12 ft-1b/ rad. B is made 0.1 ft-1b/rad/ sec,

which gives a closed loop damping ratio of about 0.08 for a K of 30 (Ib-sec’-ft)™". For all three
friction models a value of 2 ft-Ib is initially used.

'"E. E. L. Mitchell and J oseph S. Gauthier, Advanced Continuous Simulation L.anguage(ACSL) User Guide, Reference Manual.
Mitchell and Gauthier Associates, 1975.
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Often fnction o modeled as shown an Figwre 2 In ACSLE code the tniction model s
1o *SGNCGE) This model will be referred to as model A A drawback of this model is that it
produces artiticial torgues when there s no gimbal mouon. Model A s used tor test
comparison purposes. Lhe two fncton inodels designed to improve upon this model are

shown in Figures 3 and 4 They will be called models B and C, respectively

In ACSL code, triction model B s incorporated into the expression for net torque as

tollows
TNET = RSW(1w|<RMIN,DEAD(-TFRl, TFRI,TM3-B*W - CMPL*W ).
TNET + SIGN(TFRZ, = Wl

When ¢ the gimbal angular rate, is less than the value of Ry, the gimbal friction can be
modeled as a dead zone since no gimbal motion will occur until TSy | exceeds a value equivalent
to the trictional resistance torque, Trgri. Once the gimbal is in motion the gimbal friction will
produce an eftfective torque, Ty g2, that always opposes gimbal motion. However, false motion
can occur due to at least two things: (1) ¢ will not necessarily be smaller than Ry (the
incremental change in ¥’ over one integration step can be larger than Ryx) so that the dead
zone model may not switch back g (2) I the dead zone model does not switch back in, the
trictional torque can not only oppose motion, but can also cause a reversal of gimbal motion,
which s not physically correct. So an appropriate value must be chosen for Ry for model B
to operate properly. This is an undesirable feature that was eliminated in the design of
model C.

As shown in Figure 4. model C s comprised of model B plus logic that zeroes the gimbal
angular rate, . whenever both the net torque minus friction is less than the friction and ¢
changes sign. It should be noted that the dead 7zone model uses Ty gy, and the suding friction
model uses Ty g Thisallows tor friction models that have ditferent values for static and shding
triction. The logic tor switching ¥ 10 zero. as implemented in Figure 4. torms an algebraic
loop. Thus, model C was implemented as an ACSL macro in which the loop is broken at the

desired point in the system model.

I'he macro code and a flow diagram of the macro are shown in Figures S and 6. respectively.
In the macro, ¥ (macro local variable YD) is not aclu;lll\ SELLO zero except when LOTORQ s
TRUF (as discussed below). w 18 calculated by .lddlm. dx.\(\ DOT)and wn(\ I)OI P)asshown
in Figure 5. Setting w to zero through biasing u:.\ with ¢ (U s set to - w.\) kcc;\s d: lrom having
a jump n its value whenever LOTORQ goes from TRUFE to FALSE. A jump in ¥ would
otherwise occur sinee g, being a state, cannot be set back to zero. LOT ()RQ becomes TRUE

whenever Tayi, the net torque minus friction, is less than Ty and ¢ has switched sign.

N




When the ACSE Executive isinthe INTTIAL section(ZZ1ICEL s TRUE) the expression for
FOTORQ 1s bypassed since Ty will notvet bedefined When ZZ1CFLis FALSE, LOTORQ
is caleulated as discussed above HEOTORQ is TRUE. 4 is set to zero. If this integration step
is the first minor step of a multi-step integration method (ZZFST = 1.0), then i, is set to -yyp.

Uir is switched only once for each multi-step integration.

When LOTORQ is FALSE or ZZICFL « TRUE, ZZFST is checked for a value of 1.0. If
ZZEFST s 1.0, then YDL, the old value of ¢. 1s set to .

T{ii. the net torque including friction, and ¢y are calculated outside of the
PROCEDURAL block the rest of the code is in. The expressions for Tker and @1 are not in the
block in order to allow them to be sorted by the ACSL compiler along with the expression for
I'xti. In the FORTRAN compilation of the test program using the FRICTN macro, the code
in the PROCEDURAL block came first followed by the expressions for Txet, Tist and do,

respectively.

¥h and YDL are only reset once per multi-step integration to keep Ti¢ from having

erroneous values. An example of how problems occur when ¢t and YDL are reset more than
once is shown below. For RK2 as implemented in ACSL’s FORTRAN library,

bplt + h) = 1§ (e) +

bp (£, b (&0 + 3wip(e + Zh,00 (8) + 2Ry ()
4

where

h is the major integration step size
U = K*Tig

Define l.ll.m to be
bop = U (£ + 2h, b (&) + 2hi (t)
Dl D 372y 3° D
Suppose LOTORQ goes TRUE on the intermediate integration step. Then Uy will be zero

since Tuyy and ¢ are zero. Suppase d, is set to -gp and YDL is set to ¢ on this intermediate
step. On the final evaluation for Jm (t + h) the RK2 algorithm reduces to

9




. ; Vp (t, bp (£
U)D(t+h)=wD(t)+ ) h

IR

For LOTORQ to have gone TRUE on the intermediate step,

r 2 e
lbD (t) + -§h lbD (t),

the expression for ¢, (t + ° . h), had to be of opposite sign from cl;n(l), since
b=y + ¥
(Assume i, = 0.0 before LOTORQ went TRUE).

Assuming yo (1 + /1 h), is negative and (1) is positive then the expression

: ; by (£, by (£)
by (€ + h) =iy () + . h

can conceivably be positive or negative.

Suppose it is negative. Then, on the next derivative calculation for ¥y (t + h),

b (£ +h) =y (t+h) +3
=dp (£ +h) - §p (£ +3n)
# 0.0

Since YDL is zero when LOTORQ is calculated, LOTORQ will be FALSE. Thus T&x and ¢ (t
+h) will have nonzero values and yip (t42h)# g (14 h). So 4 is not zero as it should be, and o

is continuing to be integrated.

To make the system behave properly, d;l’) and YDL must not be reset on an intermediate step i
since the value of i (t + h) does not depend only on doi. It is to be noted that either the
resetting of ¢h or YDL would have caused problems. If ¢ and ¢, had not been reset

¥ (t+h) =g (t+h) + 90

=\LD(t+h)+0.0

# 0. usually

s e i . W




Since YD s nl':(ll( aj;n(n\\ ht‘nljl,n(” =0.00when L OTORQ is calculated, then LOTORQ will
be TRUE f

¥y B} » by (£ * B) <0

and @ (U + h) will be reset from d;n (t+ hytozero. T4, and g (t 4 h) will consequently be zero,

and ¢ (1 + h) will remain constant. It

p (€) » § (£ +h) >0

then

v (t + h) # o0,

and the system will continue to integrate ¢ as it should.

3. TEST PROGRAM AND RESULTS

Figure 7 is a listing of the test program. In the DERIVATIVE section seeker platform angles
SI (). SIP and SIPP are calculated for friction models C. Band A, respectively. T is the
input motor torque for all three models. ITSINS TP is TRUE Ty is a sine wave; otherwise, Ty
18 a step function. Txyy and 1o are the net torque minus triction for models C and B.

respectively. Ty and Ty are the net torques with friction for models Band A, respectively.

Parameters and intial conditions are defined in the INITIAL section through CONSTANT
statements. The CINTERVAL statement specifies the data recording interval. The RK2
integration algorithm is specified by setting IALG to 4 in the ALGORITHM statement. The
MAXTERVAL statement overrides the NSTEPS statement to specify a 2.5 msec integration

step size. WP is the frequency of the Ty sine wave in rad sec and W is WP in Hy.

ACSL run time commands are used for altering parameters and initial conditions on states:
running the simulation; and specifying the output. The simulation was run interactively on a
CYBER 74 using run time commands entered on a Tektronix console. Hard copy plots were
generated along with hine printer listings. Run time commands that were used eVery session
were put on a temporary mass storage file that could be attached as a local file to the user's

interactive terminal.

Figure 8 is a list of interactive session setup and ACSL run time commands. After logging
onto the CYBER 74 INTERCOM system via the Tektronix terminal, the following setup
statements are entered:




CONNECT, oUTPUl

specifies the system output lile detault name OUTPUT, will be displayed on the Tektronix

screen.
ETL, 170
extends the execution time per statement entered to 170 octal sec.
ATTACH, INPUT, TEK, ID = DDXXXH

attaches the highest cycle (2) of TEK to the Tektronix. INPUT is the default file name for input
to local programs executing in the system.

ATTACH, LGOB, TEK, ID = DDXXXH, CY =1

attaches the simulation absolute binary file which was previously compiled in a batch job via
the system control cards listed in Figure 9a.

After this initial preparation, LGOB is executed by the statement
1L.GOB

and the simulation reads the ACSL run time commands on file INPUT, the contents of which
are shown in Figure 9b:

SET PRN =9
tells the simulation that the line printer data will be placed on the PRINT file (logical unit
number 9) instead of the default file name OUTPUT. After termination of the simulation the
PRINT file is batched to a line printer.

SET PRNPLT = F., CALPLT = T, TTLCPL = .T.

replaces the default printer plot routines with the special Tektronix plot routinesand TTLCPI
set TRUE causes titles to be placed on the Tektronix plots.

SET TITLE = ‘FRICTN TESTER-'

12




spectiies the fiest two words of the plot tle
SEL Duamg |
causes the last values ot all the vanables to be wnitten to the file with logical unit number PRN
SAVE 'BASEHS
saves' the mtial parameters and LOS tor later use

PROCED GO
STARI
PRINT *ALL"
END

defines a PROCED that starts execution of the simulation and causes the variables specified in
the PREPAR command to be recorded every CINT seconds onto the file with logical unit
number PRN.

PREPAR T, SL SID, SIP, SIPD, SIPP, SIPPD, 1 M3,
INET, INET2, INET 3

specifies the varables whose values will be output on a line printer.
SET CMD = DIS

indicates to the simulation that run time commands will now be input from the DISPLAY file
whose fogical umit number s DIS. DIS s by detault 6 which is also the number for the
OUTPUT file. Thus, run time commands are now expected to come tfrom the Tektronix

terminal,
SET TERID = 14, TFR2 = 14.G 20, K ~10., MAXT = 0.015

Although MAXT was set to 0.015 the integration step size was 0.010 sec due to CINT being
0.010. lnstead of starting with a typical spring-mass-damper system, the parameters have been
changed to reflect how they would be relative to cach other for a missile seeker plattorm,
Namely, the frictional torques are higher than torques duc to the spring constant and viscous

damping: K. the reciprocal of the platform inertia, is the system gain and is arbitrarily set to 10,

13




and G s made 20. ft-Ibs in order for the plattorm torquer to overcome the friction. MAXT was

changed to reflect the lower value of the undamped natural frequency,
SET TITEES) = 8 JUNE 79°
fills the third word of the plot title with the date.
GO
starts the simulation through PROCED GO.
PLOT *XHI'= 2. SI, SID

limits the plot abscissa to 2 sec and causes the plotting of Sl and SID (¢ and cl;) for the system
with model C. Figure 10 is the resulting Tektronix hard copy. SI limits to a steady state value
and SID stays at zero. SIP and SIPD (¢ and cl':) for the system with model B and SIPP and
SIPPD (¢ and ¥) for model A are plotted in Figures 11 and 12, respectively. Notice SIP and
SIPP do not reach a steady state value and that SIPD and SIPPD are chattering when they
physically should not be. Figure 13 compares SI, SIP and SIPP. SIPP lecads SIP and S1
primarily due to the initial spurious oscillations in SIPPD before Ty, rose above zero. Since
RMN for model Bis set to 10 " in the INITIAL section of the program, spurious oscillations
are to be expected. RMN was reset to 0.015 rad/ sec. and the resulting SIP and SIPD are shown
in Figure 14a. Only animproper step in SIPD shows up. Itis due to the jump in TNETP caused
by SIPD changing sign and still being greater than RMN in absolute value. Eventually SIPD
gets caught in the *RMN interval and model B reverts to a dead zone model. Figure 14b
compares the angles of models B and C for RMN = 0.015.

Resetting RMN to 10 " and setting SINSTP to TRUE (the torquer motor input is a 1.0 Hz
sine wave) results in the plots shown in Figures 15-18. Note that although SIPD and SIPPD do
not stay zero when they should, the comparison of SI, SIP and SIPPD in Figure 18 is not as
bad as for the step inputs. The systems with models A and B showed improved sine wave
response with a decrease in step size, but their step responses still did not steady out when the

step size was lowered.

RMN was set to 0.5 rad/sec and the resulting SIP and SIPD for model B are shown in
Figure 19. Figure 20 compares S1 and SIP.
With a call to “RESTOR ‘BASE’™ the original parameter and 1.C. specifications in the

INITIAL section are restored to the program. That is, G. the platform torquer gain, is 5.0 ft-

14




Ibs; K, the inverse of the platform inertiais 30 (Ib-sec’-ft) '; TEFR 1 and TFR2 are made 2 ft-lbs;
the spring constant CMPL and the viscous damping B remain at 12. ft-Ib/rad and 0.1 ft-
Ib/rad/sec, respectively. The spring-mass-damper system no longer resembles a secker
platform. The second order system has a damping coefticient of about 0.08, and an undamped
natural frequency of about 19 rad sec. This has added to it a healthy but not overwhelming
frictional torque of 2 ft-1bs. The RMN parameter for model Bis 10 " rad/ sec. The simulation
is run by invoking GO, and the resulting angles and angular rates are shown in Figures 21-23.
Figure 24 compares the angles for models A, B and C. Again one notices models A and B do
not reach a steady state value for a step input. However, their values are close due to MAXT
being setat 2.5 msee. Model Bwas looked at with RMN setat 0.0025 and 0.05. and the plots are
shown in Figures 25 and 26, respectively. The importance of picking RMN for good
performance of model B is readily apparent. The response of the system without friction is
shown in Figure 27.

K is set to 300 to increase the undamped natural frequency to 60 rad/sec. B is made 0.032 to
keep the damping coefficient 0.08. Even though the integration step size of 2.5 msec is still
adequate for stability, Figures 28-31 show that the performance of Models A and B has
degraded. Figure 32 shows the response of the system with no friction.

With K = 30 and B=0.1 a 1.0 Hz sine wave is used as the system forcing function. G remains
5 ft-1b, RMN is 10 " rad/sec and MAXT is 2.5 msec. Figures 33-35 are the results for models
C, Band A, respectively. Figure 36 shows the good match for all three models. Figure 37 shows
the response for the system without friction.

When K is made 300 and B is 0.032, the accuracy of models A and B deteriorates as shown in
Figures 38-41. Model B had RMN set at 10 ", Resetting it 10 0.1 rad/sec produced the nice
match with model C as shown in Figures 42 and 43. Figure 44 shows the system response for
the no friction case.

With K = 30., B is set to 2.0 to obtain an overdamped system. This gives a damping
coefficient of 1.58, and the undamped natural frequency remains 19 rad/sec. The frictional
torque remains at 2 ft-lb. Figures 45-47 show the results for a step input to the system with
models C, B and A, respectively. Figure 48 shows the good overlays obtained for all three
models. This is due to the angular rate never dropping below zero. Figure 49 is the system
response without friction.

Setting K to 300. and B to (.632 makes the lincar undamped natural frequency 60 rad  sec,
and the damping ratio remains at 1.58. Figures 50-53 show the good comparisons for the three
models. Figure 54 shows the system response without friction.

(]




With K = 30. and B = 2.0. the svstem is driven with a 1.0 Hz sine wave. RMN is 10 '

Although models A and B have angular rates with high oscillations their angle histories

compare very well to that of model C as shown in Figures 55-58. Figure 5915 the frictionless
response of the system.

With K = 300. and B = 0.632, one secs significant errors in models A and B as shown in
Figures 60-63 RMN is changed t0 0.1, and the resulting improvement in model B is reflected in
Figures 64 and 65. Figure 66 shows the system’'s frictionless response.

STOP

terminates the simulation. The PRINT file. now attached to the interactive terminal as a local

file, is batched for line printing to interactive terminal 3D,
BATCH, PRINT, PRINT, 3D, HDMDD

The Tektronix terminal is logged out and terminal 3D is logged in to obtain the line

printer
listing of PRINT,

Model C is clearly superior in accuracy to models A and B under the conditions tested.
However, Model B is much less complex and gives good results when RMN is

appropriately. Angle errors in A and B with a sine wave forcing function w
smaller than those i

adjusted
ere relatively
i which the input was a step except for the overdamped case. Oby iously the
greater the relative magnitude of the frictional torque, the greater the

accuracy required in the
modelling of friction.

P




l FRICTION

Tm3 TNET 4 :
- s K o] 18 ¥ 18 4

CMPL

Figure 1. The test problem used to study the friction models.

— TFrR1
<—— FRICTION |— = —=— V |

“TFR1 |—

Figure2. Often used friction model.
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START

INITIALIZE YDOTP

1

YD-YDOT+YDOTP

ZZICFL
7

F

LOTORQ = |[TNET|< TFR2 .AND. YD*YDL <0.

- LOTORQ

YDOTP=-YDOT]

ZZFST T

YDL = YD

=1.0
F

TNETP = RSW(YD|<10-30, DEAD(-TFR1,TFR1,TNET),TNET+
SIGN(TFR2,-YD))
YDOT =/K*TNETP + IC

END

Figure 6. Flow diagram for the FRICTN macro.
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PROGRAM FRICYION TESY

Necrermecrcrcacacaca~a=ePROVICES ENVIRONMENTY FOR FRICTN MODULE "
INITIAL
LOGICAL DUMP
CONSTANT ODQUMP=_ FALSE, + RMANz]E~-J0 o TSTP = 2,0 cee
v TWOP1a6,28318%
CINTERVAL CINY = 0.010
ALGORITHM JALG = &
NSTEPS NSTP = )
MAXTERVAL MAXY = 0.0025
LOGICAL SINSTP
CONSTANY 8 = 0,1 o CuPL = 12,0 , TFRY = 2,0 oo
v TFR2 = 2,0 o K = 30.0 o IC = 0.0 see
» SIIC = 0.0 » ICP = 0.0 o SIPIC = 0.0 )
v+ 6 = 5,0 o W= 1g0 o SINSYP = FALSE., eee
o SIPPIC = 0.0 » ICPP = 0.0
wpP = WeTWorl
END
OYNAMIC
DERIVATIVE
NecvceveveemececvcccacavecaceaaSTEP COMMAND TORQUE IN "
W) = GERSW (SINSTP, SIN(WPeT)y STEP(0.1))
NecocvemanmccacenccanavacameaaSUM FOR NET TORQUEZ MINUS FRICTION -

TNEY = TM3 - BeSID - CMpLe®SI

Wececcecacccccccnccacacacaaaa=0UTPUT RATE o ANGLE FROM FRICTN WMACRO  ®
FRICIN(SIDs TNEYs Ko TFR1le TFR2, IC)

S1 = INTEG(SIDs S1I1O)

MemcecmececemcmcncaccacacaneaaOUTPUT RATE o ANGLE FROM ANOTHER MOOEL
TNET2 = TM) - HeSIPC = CMPLeSIP
TNETP = RSW(ARS(SIPC) LT ,RMN, DEAD(~TFR1s TFR1, TNET2)s TNET2...
o SIGN(TFR2+=SIPD))
S1P0 = INTEG(TNETPOK, ICP)
s1p INTEG(SIPDs SIPIC)

Weaeccconccnmencccccacccnaa=aa=0QUTPUT RATE ¢ ANGLE FROM AN OFTEN USED ...
FRICTION MODEL =
TNET3 = TM3 - BeSIPPD - CMPLE®SIPP ¢ SIGN(YFR?4=SIPPD)
SIPPD = INTEG(K®TNET3s ICPP)
S1PP = INTEG(SIPPD, SIPPIC)

END

TERMT(T ,GT. TSTP)
END
TERMINAL

IF (DUMP) CALL DEBUG
END
END

0000000000000000000000
0000000000000000000000

Figure 7. Listing of the ACSL test program.




Figure 8.

CONNFCTenUTRUTY

FTL«17C
ATTACH«INPUT o TEK o« 10 =00 XX XH
ATTACH ! GARTEK G ID=00x (X, LY =)
L HoR

SEY TFR1=14esTFR2=14 e =200 e 310, eMAXT=0,015

SEY TITLE tMamvg JUSE Ty
DLOY "YH(“:P'.SI.Q‘D
PLOT SIP.<IPD

PLOT SIPP.STIPPD

PLOT SIPPSTIPST

STOF
RATCHPRINT e PRINT o Mg =7 e MDD

Outline of the Tektronix keyboard inputs tor interactive

session setup and ACSL run time commands.
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0000000000000000000000

HDMDD,C¥77000,
ACCTese

ATTACH (MACFIL sOCMACFIL » 1D=DCACSLSYS)

ATTACH(ACSL +DCACSL » 10=DCACSLSYS)
ACSL (I=INPUT)

RETURN+ACSLoMACFIL.

FIN(I=COMPILE,R=2)
MAP, OFF,

REQUEST+LGOBs#PF,

ATTACH(ACSLLIBDCACSLL IByJD=DCACSLSYS)
ATTACHsPLT o TEKTRONIX4014+1D=WTPLOT,CY=2,

LDSET (LIB=PLT,SUBST=2Z0RAW-TEKPLT)

LDSET (LIB=ACSLLIB,PRESET=INDEF)
LOADLGO, ;

NOGO+LGOB,

RETURNSACSLLIBIPLT.
CATALOGILGOByTEK s ID=DCXXXHsCY=1,

EXIT. .
0000000000000000000000

Figure9a. Job control stream used to generate LGOB, the absolute
binary file of the test program.

SET PRN=9

SET PRNPLT=FgoCALPLT=,TooTTLCPL=,T,
SET TITLE="FRICTN TESTER =

SET DUMP=,T,

SAVE "BASE"

PROCED GO
STARY

PRINT »ALL"

END
PREPAR T¢SIeSID9sSIPSIPDsSIPPsSIPPDsTMIsTNETTNET29TNET3
SET CMD=DIS

Figure 9b. ACSL run time commands on file INPUT.

24

oy




*D |9pow — jnduj dajys e o0} jequib wuopeld pajenwis e jo asuodsas ajes pue 3jbuy oL 3inbBi4
1
8.__ 8..o 09 .o Ob .c 0z .c cc%.o o
o o
o o
N O
(=) N
o o
L+ |o
v | &v
o .
0000000 1 T¥4l
0000000 0T ) v O
00000510 0 LXWW e |8
0000000 2T 1dWI
0000000 02 9
0000000 #T 2¥4l
000000071 9 § =l =t
0E-30000 T NWY 8 3
S Yo
. 8
: 6/ INNC 8 - ¥31631 NIJId4 ©

25

i




ﬁ ‘g jopow — jnduj days e 0} jequib uwuopeid pajeinwys e o asuodsas 3jes pue 3Buy ‘1| ainbig

1
00°1 080 0s°0 0ov'0 (1741 00 G .
L L .

% = i

00l
000

009
0b 0

002
080
dIS
(4]

adIsS

e p- =

00’
0

008

L — _u_.{_

o

6/ INOC 8 . d31631 NIJld4 ©  °S




‘v 19pow — induj dajs @ 0} |equib wiopeid pajejnwis e jo asuodsas 3jes pue a)buy -z} ainbiy

!
00°1 080 09°0 ) 00 00°0. '
L 1 i i 1 = _n
o |8
S o
8 |3
o Lo
ﬁmS P32
3| o S
0 he)
o
N Lo
o Iy
o o
£ .
8 ﬁm
= L
s o
6/ INNC 8 - 331631 N1JId4 @ °




"D pus g ‘v sjepow 1o} jndu| dais & o} jeq
-wib wiopeld paeInws ® jo sasuodsas Bue jo uosuyedwor ‘gt anBiy

1
p0°l 08°0 09°0 0v°0 02’0 000D
L 1 . 1 " hmu -0 O
(=] (@] o
(=] (] o
r.o T.O T.nv
F 3
& |& |&
o to |o
(o]
ou | 3u | B &
ot — —
2 ne) M
r\
a S | a
S8
] oz L= L
N N N
o (@] o
8 |8 |8
N € U K0
(=] o o
(@] o

64 INNT 8 - 331631 NI1JI¥4 °




'SL0°0 = NIWY Yiim g [9pow — indu; dajs

e 0} |jequif wuope|d pajenwis e jo asuodsas ajes pue aBuy -ep| ainbiy

00000510 0 LXxuu
0000000 2T 1dWd
0000000 02 9
0000000 ¥ Ty4L
0000000 01
0000000 ¥T 2y4L
00000007 0 §
00000510 0 NWY

P . .
00°Z 09" 0z°f 08°0 040 00’0

1 1

00°2-

adIs

00°2

L
00°9

-o

6 INAr E1 - 331531 N1J1d4 ©

000

dIS
29

L. —
.

(@]
o




‘S10°0 = NWH — induj dajs e o) [equ)b wiopeid
pajejnwys 10} uospedwod asuodsas ajbue J pue g |9powy “qy| ainby4

1

00°¢ 09°1 (4P| 08°0 Obv°0 00°0
- ; . : . o o
o o
(w ] o
1.0 ﬁno
S (8
Lo Lo
v | 3w =
0
\
~\
OIS
o o
o (o]
o o
lo (o
8 |38
H
o
g o i
o o

6Z INNC €1 - 831531 NiJJY3 2. =




D 1I9pow — aaem

dUIS ZH 0°| € 0} jlequuib waopeld pajejnuis e jo asuodsa 3jespue 3|buy ‘g ainbBiy

00000510 0 1xuu
0000000 »1 Ty4)
0000000 o1 X
00000000 T N
0000000 21 14uw)
0000000 02 9

0000000 ¥1 2¥4l
00000007 ‘0 €
0E-30000 T NWY

00

) s

L

8-l

1

02 .._ 09 .c 00°0.

g

6/ 3INNr 8

d31531 Ni1dla4

~
=
o

0°2r-

00" t-
(8) OIS

00°¢

021

LN
o
o

00 °¢c-

(074

3

0¢°0 0% 'D-
() I§'

1

0c

)
o
o




3UIS 24 0" | e 0} jlequnb wiopeld pajeinuys e jo asuods.

00°€
L

(1] 204 08I

| i

‘8 I9pow — aaem

1
0z .._ 09 .c Qo-

0.

w

6 INNr 8

d11531 N1JJy4

-
0-2r1- 0°02

00 b-

(& 0dIS

00°¢

021

0°02

31 3jespue ajbuy ‘g, ainbi4

32




6Z INr g

002

- 431831 NIJTyy



V $jepow Jo; drem ouys 2ZHo0'L e o; leq
Slsedwoy ‘8L 3inByy4

00°2.
00 ‘7

0k 0- (2
0- 02-r.

(@) dIs
0b

W dds

0+ 0
0¢°0

021

34




‘8 19POW — G0 - NWY 10} anem
3UIS ZH 0°| e 0} Jlequub wJojje|d pajenwis e jo asuodsai alespue 3ibuy ') aunbiy
1
00 m Db hN 08 ._ 0Z h_ 03 .c 00 o./.. A
§ 10
0 B
o o
Sa |..7|..
3 J|o
o |:
sV | 8w -
23
o~
ST
Sl
+ o
o o :
7 |
-— Fro
2 -
o o
| o L~y
o o
6/ 3INNC 8 - 4415631 NIJly4 © o
$
00000005 0 NWY
NWd A1dSIq

S SRRV T e



"0 Pue g sj3pow — G0 = NWY 10} aaem auis zH 0} © 0} |eq
-wib uuopeld paenwis e jo sasuodsas 9iBue jo uosuedwon ‘gz ainbyiy

. - h .
00€E o 08" 0z’ 09°0 ®o. .
5 e o

.) s [s
T.m Y.W
o Lo

sv | 8w

O

&

~— N

)
- O O
s [
o o
N [
o o
-
o o
6Z 3INNC 8 - 831531 NIJJ34 © ©

$

00000005 0 NWY
NWY AldS1aq

36




"0 19pow — induy days @ o} waysAs sapio puodas padwepiepun ue jo asuodsas ajes pue aiBuy ‘Lz ainBiy

om%

=
o
o

00005200 9 LXUW
0000000 21 1dWI
00000000 'S O

00000000 2 Tyi4l
0000000 o€ X

00000000 2 2¥4l
00000007 0 €
0E-30000 T NWY

00°1

TZ

00°E

00+

6/ INNC 8 431531 NI1JIdd

LU

o
o

000

aiIs




‘g |9pows — nduy dajs © 0} wa)shs
Japio puodas padwepiapun ue jJo asuodsas ajes pue 3|Buy -zz ainb)d4

1
001 08°0 080 Oov'0 0Z°0 . 00°0
1 g

-

i i > |

00 '€- 00

00°1-

adIsS

—
I

00"

00 '€

Lon
o

64 3INAC 8 - 331631 N1J1d4 °

010 000

020
dIS

-
0e"0
I8

0+ 0

| O
un
o




'V 19pow — jndu) dajs e 0} WaisAs Japi0 puodds padwepsapun ue Jo asuodsas ajes pue ajbuy ‘gz ainbBig

1
001 080 09°0 ov'0 00 00°0. -
L i 1 1 1 wn -0
o n
o o
lw |o
8 |8
.I--L 'l.o.
S "
he) o =3
§e) °
o
- O
o -—
= | o
ﬁ.E =
8 |8
LR LD
o (92
o

6/ 3NNTC 8 - 8431631 NIDJy4 ©

v
. v SRR -1 s e e VA AT T ) N e -




‘0 pue g ‘v sjapow 104 jnduy dais © 0} Wa)shs sopi0
puodaes padwepiapun ue 40} sasuodsas ajBue jo uospuedwo) pz ainbi4

1
001 08°0 09°0 0v°0 0z oo%
== 1 4 - i o -O O
o o o
o o o
ond S R S
=) = o
LD 10 Lo
N =]
ow | Su | B»v g
~— — —
0 O
sl of 3 |
S s
r.o .I-AU r..nU
w w w
o o o
.i.nu T.o r.o
F 3 & P
o
(21 e e
>
.l.o r..nu ro
wn n u
o o

6/ INNT 8 - 3431631 NLJId4 °




— T

‘§200°0 = NWH Yiim @ |9pow Joj Induj dajs e 0} waishs
19pJ0 puodas padwepiapun ue jo asuodsas djes pue 3jBuy ‘Gz ainbiy

1
001 08°0 09°0 0b°0 w20 Sﬁs B
o |o
o o
w |o
8 |o
L~ |o
80 (50 : |
e pe)
O
e
o w
o o
lw Lo
@) +
(@] o
Lun L O
o
6/ 3INAI 8 - 831631 N1JJd4 ° -

00005200 © NWd
NWY A1dSId




-0S0°0 = NIWH Yiim @ [9pows 10} ynduy days € 0} washs
J9pI0 PUODIS padwepiapun ue jo asuodsai ajes pue 3buy 92 ainbi4

1
00’1 08°0 03°0 ob'D 0z0 00°0
S W WS S L o °
i\AO o
10 =)
ol o od
8 |o
S S
Su | 8w ~
Tl ©
o
pw O
8 |8
-+ 2
8 |38
o Lo
a w
6 INNT 8 - 331531 N1JId4 ° =
$
00000050 0 NW¥
NWY A1dSIA




@ Ty4l
2000000 € X
00005200 © LXvW
0000000 2T 1dWo
00000000 'S 9

0 2y¥4l
00000007 0 €
00005200 0 Ny

-ndu; da)s & 0) wWa)sAs 19pIO puo
-09s8 padwepiapun $sSajUONOM) ay) Jo suodsas ajes pue dbuy Lz anbiy

ao"e-

QddIS

002

009

6Z 3INNC B

L —

Q

- 431531 N121d4 ©

0k D 02°0 00°0
ddIS

080

08’0

01

o

43




-5 jopow — Induy dais

e 0} Wa)sAs JapI0 pUo

-29s padwepiapun uedb ybiy e© jo ssuodsas des pue ajbuy ‘82 ainBi4

00005200 9 LXWW
0000000 21 1dWD
00000000 S O
00000000 2 T¥4l
000000 R0t X
00000000 2 2¥4l
000002€0 0 €
00005200 9 NWd

om._c

0y 0

0e0

1
0z'0

i

6¢ INNC 8

010 Sm

- 331631 NiJ1dd

o O
o o
o o
» L9
o —
Q o
Qo =
(=) ~, -
Om... om -
o
—_ o
- -,
- w
o (=]
b= O
g .
. +
o o
ly Lo
. un
(=] o




‘g |19pow — jndu) dajs e 0} Wa)sAs JapIO PUoO
-298 padwepisepun ueb ybBiy e jo asuodsas aes pue 3buy -z ainbiy

00°0

- 331631 N1J]ad

62/ INNC 8

G

0D k-

0d1S

00"+

AJ
021

Y
o
o

o1'o 00°0

020
dIs

45

0€°0

0% 0

0s°0




‘¥ [9pow — induj dajs e 0} Waishs Japi0 puo
-29s padwepsepun ueB yByy e jo asuodsas ajes pue aBuy ‘o ainBy4

1
0Sso 0t 0 0E°0 020 o1o 00°0. '
L 1 1 1 1 ~N 1.0
2 la
o o
-~ |o
z -
- w
o o
L& 1o
av | s»
O 0O
//> ) S
o
L+ |O
o —_—
o o
LS Fe
P w
o o
v Lo
0 -
. an
o o

6 INNC 8 - 331531 N1J1d4




‘0 pue g ‘v sjepows 1o} induy days e 0) waisAs 1apio puodes
padwepsepun ueb yBiy e jo sesuodsa:s 3jbue jo uosuedwod ‘igainBig

1
0s0 0¥ 0 0E'D 0Z'o 010 00°0

X . il . j—H%2 2 2

\ o o o

o (=] o

-2 0 9

o |6 |

ESE e

Buv | Zu | Bw <
3| of @

N ¢l

ﬁne w w

o o o
i <t _.,
s & |5 |3 |

> >
Lo Lo Lo
B8 8 &
6/ 3NNT 8 - 3431631 N1Jldd




“indu) days © 0) wWasAs Jopio puodes padwep
-ispun ueb ybBly ssajuondy; ey jo asuodsas 9)es pue 2a|Buy -zgainbBiy
1
0s m 0b°0 0e0 0z ..o 01 .o

d 4

0 Ty4l
000000 Q0€ X
00005200 0 LXwW
0000000 21 1duWd
00000000 'S 9

9 2¥4dl
000002€0 0 §
00005200 0 NuWY

6/ INNC 8 - d31531 N1J]1d4

000

0°'02

0°0%

020

ddIS

001

48




00005200 @ LlXwu
00000000 2 Tail
0000000 Ot X
00000000 T N
0000000 21 1dWI
00000000 'S 9
00000000 2 cddl
00000007 0 &
0€~30000 T NWY

‘D |19pOoW — 3ABM 3U|s ZH 0| © O} Wa)shs
13pi0 puodas padwepiapun ue jo asuodsas ajes pue a|buy ‘gg 24nBiy

1

cc.w 09°l ac’l oo.b o0 00°0.

My 1 [l

6/ 3NNC 8 - 431531 N1JTd4

00°s

oo°1!

00°€

0'S

a

0+'0




09°1l
1

‘g |9pOW — IABM U8 ZH ('L © O} Wwa}shs
J3pio puodas padwepsapun ue Jo asuodsas ajes pue ajbuy ‘pg ainbBy4

0z°l

L
08°0
'}

00 00°0

1

6 INNT 8

- d31531 N13J1d4

00°S-

s

00 '€E-

00" 1-

adIsS

|

00"

00°€

(9]
o
o

Ot 0- 08 '0-

02°0-
dIS

50

00°0

L O

0+°0




'V I2POW — arem auys zZH &

0°'t e 0} wsisAs 1apio puodas pPadwepiapun ue 0 3suodsai ajes pue 3lbuy -gg ainbi4
| M

8._m 8.._ 0z cm._c 0v°0 00°0. ‘ |

1 1

00°s
5 ¥
9°0

00
0b '0-

0¢'0-

001
ddlS

QddIS

51

001!
00°0

Lo

3, |

L O
£
o

00 '€
02

00°s

b6/ INDr 8 - 431531 Nidld4




‘D pue g ‘v S|2pOolWl 10} IABM JUIS ZH 0’| € O} Walshs Japio
3 puodas padwepiapun ue Jo sIsuodsas ajbue jo uosuedwo) -9¢ ainbi4

: 1
] 00°Z 08" 0z'1 08°0 Qv 0 " TN
L 1 1 1 1 o _O ~O
o ()] D
o o o
s s |
& £+ B
o o o
e o Lo
SV [ BV [ Bw &

— — —

O O

O
e lo |o
o o o
(o] o o
A 2
N N ro
o o o
e Lo Lo
3 P P
o o

6Z 3INAr 8 - 331631 N13Id4 °




‘9ABM 3UJS ZH{ O°L € 0} walsAs Japio puo
-09s8 padwepiapun $$3jUOKOL} e jJo asuodsas ajes pue aBuy -z¢ ainbBiy

1
00°¢ 091 0z’ 08°0 9.»0 00°0.
L

A | 4

00°S
00°1-

00 '€-
08°0-

1

o0'1-

00005200 9 ixwu
9 TH4L
0000000 ot X
2e0ceeeed 1 N
92002000 21 1duWd
00000000 S 9

9 2y4l
00000001 @ €
0E-30000 T NWY

U

00°1
(#) 0ddIS

00 '€

0'S

6/ 3NNT 8 - §31S31 N1JJg4 ©°




D 19PpOW — 3ABM JUIS ZH 0L © O} WasAs Japio
Puodas padwepsspun ueB ybiy e jo asuodsas ajes pue ?|buy ‘gg ainBiy

|
00°¢ 09°| 0z°1 080 00 00 0. .
e 4 i 1 1 N o
o [o
j o o
o |o
Q >
o o
= o
SV it 2
00005200 0 Lxuu ny
02000000 2 THdl o o
00020020 90E - w
00000000 T N
20022028 21 14Wd
00002000 S 9 e
00000000 2 244l o )
000002€0 0 § - o
9€-30000 T NWY :
= LO

wun
o

6/ INOC 8 - BA1531 M4 < 9




d

‘8 |19pOW — 3ABM 3U|S ZH 0’| © O} WIsAs JapIO
puodas padwepsapun ueb ybBiy e jo asuodsas ajes pue 3|buy -ggainbi4

1 | 1

00°'s
1
08’

. . - b
00°Z 09 0z° 08°0 060 0o, _

00 E-
0b 0

=
001
020
55

adIsS
dIS

00°1
00°0

e
00 €
T
020

-

0k'0

n
o

64 3NNC 8 - d31531 N1J1y4 ©




e ———

‘¥ [19pOW — SABM dU|S ZH 0°) © O} Wa)shs Japio
puodss padwepsepun ueb ybiy e jo asuodsas ajes pue 3buy -ppainbiy

L

00°¢ 091 0z°l 080 Ot 0 Q0°
'} -4 1

1

0.

6 3INNC 8 - ¥31S31 N1JT1d4

ao0’s

00 €-

001

0ddIS

00°1

00'E

o
S}

020 0% O-

ddIS
56

o

il




D Pue g ‘y S|9pOW IO} dABM BUIS ZH 0'L © O) WI)sAs JOPIO PuUOIVS

padwepsapun ujeb ybiy e jo sasuodsas ajbue jo uospedwor ‘Lpainbi4

1
S.M a9l 0zl 8..0 0y'0 00°D

ks 1 L

08 '0-

O

0z '0- Ob
() IS

0o°o

Y
0Z0

#'0

6Z 3INNT 8 - 431531 N1JIy4 ©

09 °0-

B

020 0b'0-
(® dIS

00°0

0Z'0

ok 0

L]
O
2]
o
Lo
<+
o
=)
N
oV -
—
e
pe)
I.ﬂv(
o
o
Lo
ro
o
L O
3
o




10 = NWH UM @ |9pow 10} 3ABM duUls ZH O'L © O) wWashs Japio
Puodas padwepsepun uB ybBiy e jo asuodses ajes pue 9Buy -zZpainByy

00°¢ om.p_ 0z’ 08°0 00 00°0.

L 1 A 1

00°s
0+ "0-

00'€
02°0

00°1-
00

S

58

—&
0dIS
d

00°1
"4

Lo

e
00'E
Ot

0°s
¥
09°0

6 INNT 8 - 331531 N1JIY4 ©

$
00000007 © NWY
NWY ATdS1d




1’0 = NWH YiM D pue g S|apoW 10) dABM 3UIS ZH 0°| € 0} Wa}sAs 1api0
puodas padwepiapun uieb ybiy e jo sasuodsais ajbue jo uosuedwo) -gp ainbiy

1
002 09°1 (17 | 08°0 0+0 00°0. .
L 1 L iy 1 5 P
o |o
o o
1.0. I.A.U
£ %
o o
o |o
3u |8 2
0
~
A
o e
o o
o o
Lo |o
: 5y [
y
o Lo
52
6Z INNr 8 - 331631 NI1JI3g4 @ °

$
00000007 '@ NWY
NWY A1dSId




_ "9ABM 3U|S ZH 0’| @ O} Wa)sAs Japi0 Puodas padwep

-J3pun upeB yByy ssajuondy) © Jo asuodsas ajes pue 9)buy ‘ppainbiy
1
00 m 09 ._ (174 ._ cm\p 0 Ob bc 00 ot. &.u
o n
o o
lw o
8 |8
= e
8w | 5w g
v| ©
o ©
o
T
00005200 0 LXvu g =
0 Tyl
000000 Q0E X
00000000 T N
0000000 21 1duWd lw |o
00000000 S 9 g @
0 2¥4l
000002€0 0 §
00000007 0 NWY (
L Lo
o w
6/ INNT 8 - 431531 N1Jl34 @ ©




00005200 @ Lxyu
0000000 2T 1dWo
00000000 S 9
00000000 2 Td4L
0000000 OE X
00000000 2 2y4L
00000000 2 ¢
0€-30000 T NWY

002
L

09°1
1

9 |19pow — jnduj dajs e 0} wa)
-sAs 13pi0 puodas padwepiano ue jJo 3suodsas ajes pue 3|Buy ‘gpainbi4

0z'l

4

1
08°D
ol

67 3NNC 8

431531 N1J144

0v°0 000
A

ao'o

-
o+ 0

09

0°¢

o

000

80°0

Lo
oW

6l

| O

be"

O

ro

Ok '0




‘g epow — nduy dajs € o) wa)

-sAs 19pi0 puodas padwepsaro ue jo asuodsas aes pue abuy -gyainBiy4

00°¢
[

09°1 (17| 08°0

- - |

Ov'0 00’0

6Z INNC 8

- 3431S31 N1J1ad

000

Ot

Ly
o
o

adIs

00




‘¥ |epow — ndu; dajs e o} wa}
-sAs 19p10 puodas padwepsano ue jJo asuodsas 3jes pue 3|buy Ly ainbi4

00°0.

6Z INNC 8 - 331531 N13J]a4

002

ggt-

021

02

o

0-

010 00°0 0l
ddIS

02’0

0E'0

LO

£
o

63




-10 puodas padwepiaao ue jo sasuodsas abue jo uospedwon gy ainbig

00°¢

L

9’|l

1

‘D pue g ‘v sjapow 10) ndu) dajs e 0} wayshs Jap

0Z°1

i
080
1

ov°0 00°'0

6Z INNT 8

'Y %0
(=]
o

- 431531 N13JId4

(=]

00°0

Lo

Ze’

or'0

64

2€°0

o+'0




90005200 @ LXYW
0000000 27 1d4Wd
00000000 S 9

0 Tadl
0000000 Ot

0 2y¥4l
00000000 2 €
0E-30000 T NWY

002

L

09°1
1

‘induy dajs e o} wajshs Japi0
puodas padwepidro s$s3juoldl} e jo asuodsai ajes pue 3jbuy -6y ainbig

0z’l

i
08°0

0b°0 00°0

1

67 INAC 8

- 431631 N1Jlad

go

o
o

09°1 080
0ddIS

(]

0C¢'€

0t

o

010 000

0¢'0
65

ddIS

-

0e0

Lo

Ot

0S'0




200025200 0 LXUMW
goeeeee 21 1dWd
goceedee S 9
2200020222 2 T¥il
0022000 ©°t X
20000000 C ¥4l
eoee0ceE9 o €
0E-30000 T NW¥

‘D Ppow — nduj dais € 0} WIsAs sopio
puooas padwepiaao uleb yBiy e jo asuodsas ajes pue 3|buy -gg3inbig

000

6Z 3INAC 8

Lﬂﬂ

o
o

0¢°2

0Z'€

r
D'

- 331631 N1JIy4 ©

800 00°0

OO

ars




‘g 19pow — Induj dajs e 0} wa}sAs Japio
Puodas padwepiano uleb ybily e jo asuodsas ajes pue 8|buy ‘LG ainBiy

0s0 0t '0 0e0 0620 oo 8%
L 1 1 1 o ﬁI.AU
o (=]
o o
o |o
@ o
o @
.l.v| .IO
(o) ] —
— —
O O
o
Ln Lo
& r
o =+
.l-h)- .l.nu
n w
o o
L & r.o
o P

b6/ 3INNC 8 - 431631 NI21d4 @ °




F isl,a!!‘:4

I 'V Ppow — ndu| dais © 0) Waisks sapi0
puodas padwepsaao ueb yBiy e jo asuodsss ks pue abuy -z nBiy
1
0s0 0y 0 0E°0 0Z'0 o1 o 00° .
P 1 1 1 i o _O
F 2 [5
o =
= P
o o
o o
ShA S
av | v z
B ho)
o o
o
. |- O
o n
o o
Wﬂ
ﬂ L+ O
8 |8
L LO
8 &
6Z INNT 8 - ¥31631 N1JIdd

ot




O Pue g ‘y sjapow 404 induy dajs e o} wayshs sapio puodas
padwepiano ujeb yByy e j0 sasuodsai ajbue jo uospedwo) -ggainbyy

1
0so O 0 0E0 (1741 g1o 00°0
L 1 1 1 | o o o
RERERE
o o o
e e e
8 |8 |8 m
-O e - O ]
oV | av [ 5w 2
— — —
e 0
O
-2 P o
~N ~N N
£ + &
L= e LD
8|8 |s
.l.nU L O L O
ry +

Ok’

6Z 3NATr B - 831831 N1JIy4 ©  ©




‘induy dajs e 0} wajsAs sapio0

PUO3s padwepiano < uoijouy uieb ybiy e jo asuodsai ajes pue 3|buy

l
0v 0 0e0 0Z'0 010
L |

|

05"

0
L

‘vS 3Inbi4

00005200 0 Lxvu
0000000 21 1dWd
000000005 9

0 Tyil
000000 00t X

. -LET
000eeceE9 ‘0 4
0E-30000' T NWY

6 3INNC 8 - 331531 N1Jlad

00°2

00 b

0dd1S

-

009

00’8

00l

010 000

02'0

ddIS

o

0E0

O+ '0

0s'0

70




"D 19pOoW — 3ABM 3U|S ZH Q'L € O} W)

-sAs 1api10 puodas padwepiano ue jo dsuodsas ajes pue 3buy -ggainbi4
i

00°¢ cmw_ 0z°l 08°0 o0 000

L ad ¥ '

00 2-
02 '0-

02'1-
21'0-

71

00005200 9 Lxwu
00000000 2 T4l
0000000 0t X
00000000 1 N
0000000 21 1dWd
00000000°'S 9

00000000 2 2¥4l
00002000 ¢ €
0E-30000 T NWd

o ro

0¢'0

6 INNC 8 - 331631 N1J1y§4 ©




‘8 1I9pow — 3AeM duis ZH 0| € 0} Wa)
-sAs Japi0o puodes padwepiaro ue jo asuodsas 9)es pue a|buy -ggainBiy4

1
00°¢ 09°1 (174 08°0 0t'0 00°0. A
L 4 1 1 1 N O
o N
o o
N —
Q ~nN
T-n.u .l.o.
awv | R ~
— —
O O
o
o Lo
» o
a -+
- .I.O
3 |Ix
n Lo
o ro

6/ INNTC 8 - d31631 N1J134 @ ©




i

'V |19POW — 3ABM 3dU|S ZH 0"} € O} Wa)
-sAs 19pi10 puodas padwepsaro ue jo Isuodsas ajes pue 3buy -z6ainbiy

1
00°¢ 09°1 0zl 08°0 o0 00°0. :
i 1 1 1 1 ~N _O
o N
o o
L~ o
N —
o N
Sl S
£
v | Fuv ~
— —
s e
0 O
o
Lo fo
> o
o -
= s
~N =
o 14 ]
LN L O
o ~N
o

6Z 3INAC 8 - 8431631 NI1J144 ©




—

‘D pue g ‘Y $|9pOW 10} SABM dUjS ZH ') © 0) wa)shs Jap

-0 puodas padwepian0 ue jo sasuodsas 3bue jo uospedwo) -ggainbiy

1
8..~ 09°l (174 8.>c av0 000

I3 1 i

%0°0- 21°'0- 0Z°0-

IS

%0°0

Lo

cl

L O
N

6Z INNT 8 - 831631 N1JIy4 °

02 6-

o

T4 B

02°0

0Z 0-

N

el

e

ddl

$0°0

74




*dABM dUIS ZH 0’} © O) Wa)sAs Japio
Puodas padwepiano $s3|UOiOl) B Jo asuodsas 3jes pue 3Buy -gs aiNBi4

1
00°¢ cm.m 0z°l 08°0 0v'0 00°0.

L 1 1 4

00°¢2
09 '0-

02
Ot 0-

O L

0¢ '0-

QddIS
ddIS

-

00005200 @ LlXwu
0 Ty4l
0000000 0E X

00000000 1 N

0000000 21 1dWd |

00000000 'S 9 e
-1 F

00000000 2 €
0E-30000 T NWY

0+°0
00°0

0z
0z'0

02
0+'0

6 3NAr 8 - 3431631 N1J1d4 °




00000000 T N
0000000 21 1dWd
00000000 S 9
00005200 0 Lxwu
00000000 2 Ty¥il
000000 00E X
00000000 2 2¥4L
000002€9 0 4
0E-30000 T NWY

‘D) |9pOW — IABM 3U|S ZH Q'| © O} Wa}shs 1api0
puodas padwepiano ueb ybBiy e jo asuodsas ajes pue 3jbuy -09ainbi4

00°¢ ow.._ oz’l

N i

!

08B0 00 00°0.
A 1 «

6 INNC 8

- 331531 N1Jldd

»
o
o

00°0 00°2-
als

00°2

00+

0’8

o

09 '0-

0+ 0-

r
o

000
76

-‘0

0

o
"
o




‘g |3pOW — 3IAEM 3U|S ZH 0’| © O} Wa}shs Japio
puodas padwepisno ueb ybByy e jo asuodsas ajes pue 3buy ‘19 ainby4

00°¢ 09°1 0zl 08°0 0v°0 00°0. !
L 1 1 B N P O
o o))
o o
% s
o +
E E o o
_ .

), \/ .
g e
o N

o | o ~

0 o)
o
g O
a o
o o
]

L+ |o
o r
o o
L O L O
a S
o

6/ 3NNT 8 - ¥31S31 N1JJa4 ©




- 'V |9POW — 3ABM 3U|S ZH 0’| € O} Wa)}sAs Japio
puodas padwepiano uleb ybiy e jo asuodsas ajes pue 23jbuy -zg9ainbiy
1
e 09°1 az’l 08°0 0t°0 00°0. ‘
L | Y 1 y P 1.nU
o o))
o o
N
[
E o o
_
v . jo o
| [8v | 83w “ :
, u| © |
pe] o i
o |
g~ Lo |
o o
o o
-+ 1O
(@] (o]
o o
o Lo
o o
o

6/ INNT 8 - 431631 NI1JId4 ©




‘D Pue g ‘v S|9pOowW 10j aAem duis ZH 0L € O} wa)shs 1apIO puodas
padwepiano ujeb ybyy e jo sasuodsais ajBue jo uospedwos ‘g9 ainbi4

1 00°¢ 09l 0Z°1 08°0 0y 0 00D, ' .
L Lk 1 1 1 (=) -0 -0
o0 N 4]
o o o
o o [o
- + +
o o o
o o o i
] ~nN n
oY | oV | oV =

—: — —

0 0

O
P e 1o
o o o
o o o
o o to
N ~n ry
o a Q
O L O Hel
+ £ -
o o

6 INNT 8 - 431631 N1JIy44 °




S

‘1°0 = NINY yim 8 jopowl — SAEM auis ZH 0’1 € O} waishs 19pi0

puod3s padwepiaao ueb ybwy © jo aguodsas 2)es pue aibuy ¥9 2inbi4

1
002 8.., az'l om.c oe._o a3 C.

— '

3
o
o

431631 N1J184 ©

6/ INRT 8

o222l @ Nam

Nal -

S0



‘10 = NWH yim
O Pue g sjapow i0j asem 8UIs ZH 0'L e 0} wayshs sapio PUODIS
padwepiano ujeb ybuy e jo sasuodsa, 3jbue jo uosurdwo) -gg ainby4

00°¢ 8‘._ 0z-lI 080 Ot 0 Go'o

58 1 d 1

09 °0-

0b 'O
0b 0

81

00°0 020
IS
02
S

020

(@]

- -

b

o
B3NN e - ¥usy Ny 8 B
00000007 0 NWy
NWd Ald
0s1a




02000000 1 N
0000000 21 1d4WO
00000000 S 9
00005200 0 LXWu
9 T¥dl
000000 00t A

‘9 2¥dl
000002E9 0 €
000000071 O NWY

‘9ABM 3U|S ZH 0°| © O} Wa}sAs 19pi0 puodas padwep
-19A0 ujeb ybjy ssajuonouy e jJo asuodsai ajes pue 3|buy -99 ainbi4

4 1

1
oc.w om.u ozl omdn Ot0 aoo

6/ 3INAC 8 - d31531 N13Jlad

00 '¥-

00°2-

00’0

QddIS

0072

O+ '0- 03 '0-

02 '0-

ddlS
82

"

00°0




Defense Documentation Center
Cameron Station
Alexandria, Virginia 22314

IIT Research Institute
ATTN: GACIAC

10 West 35th Street
Chicago, lllinois 60616

DRSMI-LP, Mr. Voigt

DISTRIBUTION

No. of
Copies

12

83

DRDMI-T, Dr. Kobler
DRDMI-TBD

DRDMI-TI  (Reference Copy)
DRDMI-TI  (Record Set)

DRDMI-TDD D.B. Merriman
DRDMI-TD Dr. McCorkle
DRDMI-TD Dr. Grider
DRDMI-TDD R. Powell

- -G A

— b -a N




