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THESI3 OUTLIXE

OBJECT

The object of this thesis will be the determination ani study of
the losses, togethar with the efficiencies, existing in the motor-
gonerator set in the Lﬁr;a Engineering Labaratory at the Kichigan State
College. Murth rrore to iotermine a rating of the motor and its capacity

for driving the altenator.

PPOCEDURE

Bearing in nind that in order to obtain valunble data {roa any
tost it 15 necessary to foliow standard methods of procedure, we hiave
decideil to det:rrine experizentally all the individuul lcsses ani com=
birod efficisnclies of ‘he set throughout an operative range of apeed,
load and field excitation, fo:.lowing the standardisation rules (See

Etarndard Hand 3.0k Section 19) as far as possible.

KOTZ 1. To avoid confusion and [or th. snke of brevity, hervafter we
will call the gensrator of the set ‘ho altenator, the motor of the set

the motor and the outside driving motor tho auxiliary.

The losues are:-
1. Bearirg friction and ¥indage.
Neasursd by driving the machine unexcited from tho
auxiliary, the output of ~hich 4s :uitadly detorminad.
€. Corrmutator Bruch Friction.
Meisursd by the increase in imput to tho auxiliary

required for driving motor with)brusheo on and brushes off (The
(1
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field being unexcited)
3. Collector Ring Brush Friction.
, Heasured in a sizilar manner to tho Cormmutator Brush
Priotion.
4. Core losses.

Measured by driving ru:chine with fic.d excite!, either
as a motor or by an independent motor and! dsternined by sudbtracting
all othar losses from the imput to rotor,

5. Armature Resistance Loss,
Resistance measured by ths Drop of Potential Method,
6, Fleld Resistance Loss.

Resistance mwasursd by the Queene Acme Testirng Set.

The Deter:ination of Efficiencies.

1. HNotor- Inpus-losses
Input

3. Altenator- Output
Cutput+losses

3. Combined
Tho efficiency of Kotor x the Efficiency of Altenator.

Deseription of the ﬁachino-.

To meet the growing nesod of the Eleotrieal Departzont at the college
for a source of alturnating current for testing purroses, a motor-generator
gsot was built up by diroctly connecting a romodeled D. C., motor to an A, C.
gonorator, The history ani descrintion of each michine, ag far as was
obtainadls, is herein given,

The iescription of tha altonator'iu taken from the thesis of A. R,
Pulling and <. H. Ponits of the elass of 1910 ™ The Machine ($#65985)
wus p.rchused dy the Michigzan Stats College Ociober 24th., 1897 from the
Wectinghouse Electric ani Mf{g, Co. 1t a cost of $2470.70
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It 48 a 75 K. We , 20U volt, = phase, 10 pole machine to de run at
720 Ba Po Ko '

During the firs: five yeurs of its opera*ticn the alternator
su;plied the collegy with elostrical snergy. After that time up to
October, 1909, it served varicus purposas. 1In the fall of 1909 the
alternator was mcved from the Powsr Fouse at Plattts iam, Lanalng,
Mich., to the MHecharicsl Laboratory of the colls o wherv it has since
been used for testing purpcmu.‘

The nmotor, orlyinally 2 S50’ velt, shunt wound machine of the
QGoneral Blectrical Corpuny's muke, wac purchaszed Necember 1910 fron
the Capitol Electric Co., of L.nsin;, Mich. fer $200¢Q. Provicus to
this time 1t was ths yrepert; of the Buh Lyors Purniture Goe of
Lansinge During Ohrlstomms vacation of 1911 Ur. Clearerce Be Cuble,
then a special studont at the collope, was employei by tha Eleetrical
Department to make over the machinb 80 a3 to be usal on a 230 volt
oirouit. 7This was dono by soldering eash two consecutive armature
segrents together and conmectin: thoe £ ur field ccils in r:rallel.
Bo align:4 up ani 4irect oonnected the motor and altermator as shown
in Pize 1.

The axiliary consistol of 2 220 volt rutary conworter run belt

connect d for all %o:4s (Jos FPigs. 2 & 3) threughicut thesis,
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PREPARATION FOR TE0Te

All meters anl tachtometors used wore carefully calibrated seo
that all readings might represent the actual conditlons of the tests.
Suitable pulleys ware necess .y for the auxiliary and motor
to glve tho correct runge of speed for thu testse Those wore found
ard put in place. The slip rin; brushes wore thon removed from the
Ae Os 8ide of the auxiliary and all the tests run from the De Ce sile.

That field current was then found whiich would give the correct speed

(39)



#=ith 220 volts across the Armature, This fieldi current was kept constant
at 1.1 amperes throughcut all tonts, thus keeping the core .oss of the
auxiliary constant, The npeed wius varied by the bo:oster method® and

the following data obtained from which tho str.; puaor lousewes were
calculated as shown below and plotted on curve sheet #l. I:rediately
aiter this test th: resistance of th:z amature was mexsured using the
Queone Acme Testing set and found to be .37 ohma. The IR lous curve

of{ the arwature is sl.own on curve shuet Ho, <, Frow thess .wo curves
the total lozses of th» Auxiliary {or any ereed and uny armature current

ruy be odtalned,

Data and Calcuisvionws,

R. P, M. E. I. ET I°R 8.
180 2:2.7  6.36 1420 13 1407
1770 218.9 5,35 1170 9 1161
1750  215.8 6.0l 1295 12 1283
1610 220 5.35 1070 9 1051
1650 197 5,85 1053 9 1044
1530 189 4.%4 214 7 907

8 equales STRAY POWER LOSS IN JATTS
RESTITU . ION
We wcre iniebtad to Mr. G. A. Kelsall for ths salidration of the meters
and his time spent in cur bshalf and to Nr. L. P. Hewell of the Power

house for his coopsration in the running of tre loul test,

¢ The Boost-r method of chunging the speed was ugsed on all tests

wherever th: spend was varied,
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IEST O MOTOR

The motor was uncoupled from the alternator. Fig. 2 shows the
auxiliary belt connected to tho motor with 4ts starting box, field
rheostat and tachtometers in place. 1"ho fields of tho auxiliary and
motor for all tests were sejarately excited and provided with rheostats
to vary the exoitation when delsred., There were amreters in the field
and arcature circuits of the auxiliary and the field ol th: motor. A

voltmeter was place! across the armature for all tests.

Flg. 2.

Mechanical Losses of otor,
The mechanical losses of the motor are:
1. Bearing Priction and Windage,
2. Cormutator Brush Friction.
The Bearirg Priction anl Windage losses wers obtained for differont
gpesds of t'e motor by removing its brushss and measuring the input
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to the auxiliarye This imput inclulos alco 2ll the lossgs £ the

auxiliary ant belt as shown cn Curvo shuot 3.
Duta anl Caleoulaticns for Boarirg Friotion and Windz e.

A ¥ B I EI B c D
1811 900 231sl  Ge9 157 BTSN - -
1742 870 233 6438 1475 1539 oa 61
1695 241 21be3 6438 1377 229 EJ 8¢
1610 803 20Le4  Geo8 13350 10S4 (¥ 174
1535 765 19¢ 54867 1158 23 7: 1
1511 750 198 Co87 1144 °ud 76 105
1440 7.9 10 Seul 165 195 £V v
1400 €99 i fols ¢ 3 R ¢35 147

A €ou-le RuPelle ef ftmil livy ool Uy gl RoDalle of ters

- .- . - n .
BE. * Tern? ol hay Towsen P Guoery ahond CLoand
Ce ¥ Boly e sgo. dn 7Ty ook fruw Cuevo shouots 4 un?

tranafosred 1o QLrvo thees [

sletton ol Tlpt e lodded in Wontde

e W Ve hooon cornae aouvre of axiliary,
. * Curroas irgur to v T mr J4 anigrote

Tho belt losy ‘rus loturiired by me.suring the lneressed imrut
or power required t2 run the mctor by the aux!iliary th:n was re ulred
vher run electricaily as a notor wi'n tha sww filsll excitaticn fcr
the motor in both cuiese Whern run clectricaliy iv tust be remerberzd
%o subtract the 12n loss of tne 1otor amatwirve A ZC% dianie eplit
wuclen pulley was usod on thu shalt cf the wotor 4.l a v 5,8 diam

cn the amxiliarye Tio wiith of tho velt was 5%
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Data and Calculations for th: Belt Loes

A, M. £. I, EI 3.
1750 882 230 14,51 3340 1888 2052
1650 850  222,2 14.51 3230 784 1946
1658 833 216.8 . 3150 1226 1924
1595 €Q3 228,4 14,01 2920 1113 18927
1555 769 =Cl . za20 993 1827
1480 745 185 v 2734 S18 1816
1435 722 186 13.72 75,95 813 1752
1400 708 184 " £3.10 783 1727

P equals Power in watts deliver .4 to belt by auxillary .
344 Curve A curvse gheei 13, 7,

For data and caleulations when motor is run slsctrici.lly see
Core loss test png;ifor 3.82 Anmr :r90 Fisld excitation, also sae curve
B. on Curvs shaet No. 4.

The Cozutator Brugh Friction losses were to hive bosn de=
tar.ined by the inereuxsd input to auxiliary required to drive rotor
with the brushes on t!an wvith the brushes off ( ths field being un-
excited) but owing to :n error tlucoversi in th: armetsr reading too
late ‘o0 be corrsgted, another method =:: used us follows:

Ths motor has the eom:utator srushes arranged in sets of three
each, The mrotor will run i4le ejually =wcll vith nne, two or all the
brushes of sach set in contxct #ith the corrutator. A finely reuling
arretsr in tha arrature cireuit +111 chow ths diffcrence in the current
necosoary to drive the richine under these ditferon; eonditicns. The
avorage dzta for the thres brushes togather with ths computel power
nucessary 1o avergome ino brush friction is shown below ani the brush

friction loss plotted to sresd as abacissa® on Curve shect No., 3.
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u.
819
73C

645

Cozmiutator 3rush Frictlon Nnta,
E. 1. 3zl

235.3 1.4 987

210.6 1.4 $85

188.7 1.3656 7M1

I equals Ay. Current in Amp. reguire;i to over come 1/3

friction due to brushes.

E. oyuals Voltuge acrous Armiture of MHotor,

o 2

Curves of core icsses &u functinna of speed and exciting current are

shown on Curve sheot Hue Yo

Yor vach value of field current th: core

iocs was obtalired al differesnt spevds by measuring the in:ut to the

motor, run eleotricilly, and sublr«cting the IR and nechanical losses.

K.
747
730
710
699

Cors Loss Data and Calculations

Fisld Zurrent 6,78 Au,ores,

E. I. EI. I“R G. H.
234.2 8.98 2175 =9 1011 10495
23l.1 9.0 =080 . 566 1065
224.4 B8.98 2015 . 974 1212
216.9 £.98 1969 " 9A1 979

G. equals Machaniesl losses of motnr in vattis,

H., »* Core loss in watts ,
E, * Vultage across :rmature of motor,
Fleld Current 5.79 Amp.

E. 1. El. IR, G.  H
223.1 8.98 29260 29 1031 1029
28,9 * 2085 . 1014 19012
‘21,1 " 1983 " 386 968
el7.,9 ¢ 1954 <84 941

"
(8)



Fleld Current 4.84 A.

M. E. 1. El. I“R.  G. H.
786  233.6 8,98 095 29 1061 1905
760 26,6 * 2035 29 1036 970
740 271.1  * 1982 o9 1025 937
732 218.9 8.98 1965 23 1014 920
A86 o720 8,75 1774 28 973 713
877 - 231 B.47 1650 27 962  S71

Field Curront 3,22 Amisres

Y £ 1 I IR B H
8:5  234,2 B.47 1982 27 ——— -
83C 244.4 % 197D " 1096 859
870 207.4 " 1785 » 1081 647
738 201 L L2 " 1016 657
720 197 * 1648 J 1011 530
650 186 * 1574 " 964 583

Pisld Currant 3.39 Ampures.,

K o X £l I“R G K
90C  £34.7 7.91 183 ol I
830  £32.3 T 1756 " 1156 54§
770 ooR » 1598 v 1051 524
752 197 v 1858 u 1031 504
733 191 " 1511 v 1014 474
710 185 * 1463 u 936 454

COTTER LONSES
The resistance of the fiald was found to Le 26,43 ohms, takon

with Queene Acme Testing set.
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The resistance of *he arzature was obtained dy taking the
avarage resistance {rom three trials dy the drop of potential method,
and it was found to bas ,0%2 ohms, The dror of potential in this case
¥as meusured from the terminals of ths muchine. Both were taken ufter
sichine had been running under load. The drop due to brush contact
rocigtarce was afterward taken znd foun' to be .7ll ohms for all brushes
when the 1achine was standing still, This eaoistance wiil protuably change
vhen tﬁe rachine is runring and ip a rrixll errer thai can not bve remedlied,
Por I°R loss of wrmature see Curve shost No. 6.

" » " ® [r1ald " " " v 7,

TiiD 4% ALYERYATOR

A sirilar tast do shat rn on mobor wa: run on th: alternator.

MECHARICAL L0235p

The Beariag Friciion .und Mrdiss luenan were detsrzined by the
sarn mathod ant with thes sare suxiliary as ware these 6f Lhe motor.
The auxiliary s whown belts- ¢ the altarmator §n 7ig. 3. This ploture
wor taken after the test was run and shows tho'auxiiiary f1eld rheostat
and armetsr, the Armature comdinel volt-uzmeter, and ihe éuchtonotors.
Bearing Friction and Winiags Data
A N E 1 44 b c )
1680 830 218.5 9.61 2102 1293 230 652
1612 827 210,85 940 1978 1104 240 634
1538 1740 201 9.25 1352 967 250 641"
1800 742 135 . 8,98 1762 919 253 530
1453 720 190 8.4¢ 1556 L6 239 530
1408 693 181,54 8,26 1573 747 252 324
C ejuals Bolt les~ in watt: telun from gurve sho -t Ne. C.
D Bexring friction ur? wirdcce icoses in watts sec curve sheet

¥o. 8. ' (10)



Fige 3.
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The 81ip Ring Priction losaes were deter::ined by measuring the

difference imputs with tho brushes up ani with tho brushes down.

Bouriry Pricti-n, Mniaze anl C1lip Ring Friction.

A .| B I EI B c (¢}
1675 830 2194 10435 2340 1220 83 390
1811 798 21045 10.3% 2180 1110 240 330
1832 750 01 10,02 oL 209 250 789
1508 743 196,5 D02 196 925 254 790
1458 720 19 9,71  1£68 el 230 765
14C5 695 185 S e50 17.5 755 252 748

C is tho belt losacs taken from Curv: she:t lios 9 and
transforred to ~urve ahaat{ Noe Co

3. ins th9 totl Moch:unicl lozzea of Alternator See Curve
sheot lo. 8.

The .Bslt loes =3 latsruinyd Dy moaouring the increesed
imput requirel tc ran the altern:tor by the guxiliary than was
required whon run J'cact scnaedtid 45 motor under same ocnditionse

Nate and O:-levlaticag.

le Alternai:y run ty Auxillsuy.

A AL E I EX B 4
ARSI I an 28486 6650 1538 5112
1650 8038 22242 3733 &70 1415 4655
1610 7% 316.,5 26.82 5315 1336 4479
1537 750 2074 25.6 5303 1143 412

(3.

1460 70 1975 24.8 4520 1037 3663

1406 692 1915 7442 4€60 930 3730

1385 672 186 £3.8 2430 810 3620
AL equals R.P.l. of Altornator.
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F ejuals Power in wattis deliv.rod to belt by auxiliary. (See

Curve A. Curve sheet No. 9)

2. Altsrnator run by ¥otor
U E 1 El J K

820 224.4 29.36 K670 1847 4753
8a0 £20 28,86 6350 1762 4588
778 213.6 38.86 6130 1690 4440
732 202,1 25.8 8220 1544 3676
721 198 . 8110 1512 3598
703 194 . 574 1479 3525
679 168 25.29 4760 1438 3322

J equals total losses of Notor in watts. Fisld current of
motor 3.88 Ampores.

K equals Powsr in watts to run alternator by direct connection
to rotor. See curve B. Curve sheet Ho. 9.

" Notel Field current of alternator was kept constant at 8.9

Auperes for both of the above tests.

CORE LOS8

The core loss data for tho alternator was obtained with the aet
conneoted as in Fig. 1. The core loss of the altermator is equal to
the imput to the motor minus all motor losses minus all of tho me=
chanical loases of the alternhtor. This data togeth~r with the cale-
culations are shown delow,

Ths results are plotted to speed as abscissae Curve sheet #10

The core loss-field current ourve is shown on Curve sheet 411,

(r)



810
793
780
77
731
720
702
873

820

736
720
702

A74

Core Loss Data and Caloulations.

Flold Current of Alternator equals 11.67

E
223.38
216.8
213.6
2ll. b
201
197
193
186

Field

224.4
218.9

.213.6

2le.6
04,2
198
194
186

Flald
E
225.5

220

I
36.6
36.1
36.1
36.1
32.98
32.46
31.94

current
I
31.%4
31.94
31.9M
3l.423
28,35
28,35
27.84
27433

ourrant
I
26,82
26,82

23.8

29 79

EL J
8170 1862
7830 1841
7720 1820
7640 1802
6640 1724
6400 1720
6170 1672
5940 1822
equals 9.85

44 J
7170 1282
7000 1850
6825 1810
6680 1800
5790 1722
5620 ‘1700
5420 1672
5080 1620
7.96 amperos

13 ¢ J
€050 1867
5900 1837
8770 1807
4810 1722
4720 1691
4620 1651
ACR 14811

G
845
825
812
60c
774
764
754
786

753
736

863
832
812
775
764
754

nan

H
5463
5164
$088
5036
4142
3986
3744
3582

4428
4315
4203
4073
3292
3136
2975
2724

3320
8231
8181
2313
3265
2218

1008



Fleld current equals 6,03 amperes

| E I EI J G H
834 228.9 21.76 4980 1895 904 2181
810 A2 .8 21,25 4725 1845 845 2035
788 215.8 . 4580 1805 817 1958
731 20e 19.7 3940 1701 778 1481
720 198, . 39538 1683 764 1553
691 191 . 3762 1633 745 1384
675 186 19.18 3570 1602 740 1173

Pleld current 5.06 amparss
Lt E I El J G ;|
8:3 227.8 19,7 4480 1893 900 1667
820 823.2 ® 4380 1862 863 1654
. 787 214.7 19.18 4120 1802 815 1503
787 198 18.12 8590 1691 774 1135

720 196 . 3550 1681 764 1108
702 193 * 3500 1651 754 1095
674 186 . 3370 1600 738 1032

Eand T rsfer to the motor
Test of Alternator continued.
COEPER LCBARS

The rosistance of the two phases of tho armamwre were
measured separately by the drop of potential method immediately
after the load test was run and while the armature wus warm.

For sake of zonvenience the phase leading to the two
alternate rings nearest the armature of the machine will be designated
an Phane 2. Th: drop of potential was measurad across these rings.
The avernge resistances thus obdtained for several ioadings wors for
Phase #1, 1.84 ohms and for phame §2, 1.76 ohms.

(14)



The IER losses for both phases ars shown on gurve she.t #£12.

The resistance of th: field taken warm by the Quesne Acme
toating set was found to be 10,15 ohms znd the I“R losses plotted
to field current on curve sheet #7.

Load Tezt on Set.

In order to test the set under load conditions two large
water boxes were fixed up and each phase loaded on one of the
water boxes. The water box sonsisted of a large barrel insulated
from the floor and fillai with clean well water. One terminal led
throush the dottom of the barrel to a cast iron disk about 5% in diameter
and 1" in thickness, The other terminal gonsisted of an old suw dlade
suspended in such a rarnner that it could be raised out or lowered inta
ths wmuter as desirsi fror the tuble directly back of the machines.

Bee Pig. 4)

B2tor boxe; fixed uy for 2207 Volis wsre neceasiry becauss the
trangformer oquiﬁment wiig not large enough to transform the full load
current of the machine. The water box descrided worked with entire
sutisfaction at 2200 volts. Consideruble heat uﬂs evident however.

It wus also negessary to construct a temporary line {rom the main
fseders, where they came into the Engineering Building under the Last
sta‘rs, to the machine, ac thos: feeders leading to the motor we: e not
heavy enrugh to carry full load current. All fuses on the line were
taken out and the line connected to run directly from the circuit
broakers of « seﬁaratc gonerator in the power house.

Owing to an inefficient armeter in the armature cirguit of the
notor its imput is not sntirely available. All other readings were
taken as shown below and the rogulation {or ono phase and for both
phases together determined, The motor carried the load without show-
ing any signs of being overloaded up to 3/4 load on the alternator.
At full load of altsrnator the only sizns of distress was excassive

brush sparking. (15)



Pata ard celculations for Load Teat
Spaed eonstant a‘ 720 R, P, M,

Motor Readings

It 1 E Iy I,
8,25 31,9  243.7 5
7.65 87,9 240.4 5.8
7.07  1:9.2 238.4 10.
6.6 236.3 12
6.23 234.2 15
6. 233.1 17
5,75 zo2. 29
5.5 331,1 o3
6.23 233.1 17.5
743 243,7 0
4,92 333.1 6.8 6.9
505 230 9.2 9.2
6. 226.5 12, 12
5,15 223,3 15 15
5.04 2z 17.5  17.5
4,92 425% 717.9 17.5  17.5
6,72 725.5 0 2

* At Towsr Hocuse

It eyusle Fiel! currsnt in anjsrus

2270
2160
2160
2150
2190
2160
2160
21592
22N
Ti20
2150
2110
2070

208590

2010
2200

360

9.85

9.58

10.78

Il *  Armature currsnt on phase 1 in amperes

12 » L] L} " " 2

Regulation for one pnase

2220 = 2200 wequils (0791 or .91

2200

(16)



Regulaticn for hoth phases

_2360=-2200 equals .0727 or 7.27%
3200

Effirienclies from Losses

Efficiency of Motor equils IMput-logses
Imput

Efficiency of Alternator equile__Qutput
Output - Lossnes

Coudined efficiency equals Product of the efficiencies of
notor and alternator when the output of mrtor is equal to the imput
to ths Alternator,

Tho saparate efficiencies of sach machine and their combin.d
effieiuvnzy  are phown Dlotted to K. W. output of motor and K. ¥,
imput to altornator on Curve she t #13.

The. £{{is4erey=-Input curve nf roior ani the combdbined Effi-
cisncy -Izput curve of set are showm on Curve sheet #l4,

The Efficiency=Output curve of Alternator and ihe combined
Eii{clency - Output curve of cet ars shown on Ctrve sheet #15.

Pror: the Eificiency ocurvss 16 near an actual rating for thas
notor an §s roz<ible to get would de a 235 volt, 4 pole, 720 R.M.P,

94 H.P.; motor uo it row stands direct connected to tho alternator,
Motor Efficiency Data

The oonstants are 720 R.N.P,, 6.78 amperes [ield current,
1370 watts fi0ld resistance losa, 80 watte bearing friction and windage

los0 and 1096 watts cors less, taken from curve sheets.

(a7



I IR Total toss Imput  Output E. ¥

K.7. K.%,

0 0 1370 1,37 0 0
10 3.2 3409 3.57 16 4,5
2D 20 3426 6.97 3.44 39,5
50 ec 3486 12.37 a.88 71.8
75 179 1585 17.87 14.29 At

109 320 2726 23.27 19,34 84,1
1590 720 - 4125 34,37 32.24 58

202 1280 4556 47,37 43.68 89,5
250 200 5606 56.37 5,96 C.3
360 880 5286 67.37 51402 9.6
350 &9cC 7306 78.37 71.06 90.7
400  512C 85¢5 89.37 82,54 9043
450 6470 9276 102,37 90.49 90,1
500 8000 11406 111.37 99,96 £€9,7

Alternator Efficioney Data,
Constants 760 R.F.K., 2200 volts, 745 bearing friction and

winiage and slip ring friciion lcsses,

1 Ig Tctel Losses K.7.I1.P. K. 7.0.P. E. %
0 9.58 4690 4.59 D 0

3 9,63 472 13,53 2.8 65

4 $.69 812 0441 17,6 (F

6 9.75 4934 31.33 26,4 8.2

8 9.82 5075 40,28 35.2 87,7

10 9.9 5295 49.32 44, 89.3

12 10.2 5529 58.33 52.8 9346

14 10.35 5762 67.38 61.6 91,6

(18)



Altsrnator Efficisncy Nata Continued,

{ I, Total Loss~e K. .I.P. K., %.0.P, E. %
1€ 10,65 6335 76.74  70.4 91.9
17.5 10,78 6795 83.80 17 92.1
20 10,9 7002 9,00  BE 92.6
22 1.1 7454 104,25  96.8 92.8
24 11.3 7415 112,02 1C5.6 92.%

Combineq Efficiency Calculations

0.P.¥
I.P.A. E.K. E.A. C.E. I.p.y, O.P.A,
10 K¥ 75,5 37 35.5 13.34 4.7
20 oA 75.6 63.5 22.8 15.8

T - N 72.8 3145 25.11
40 85,6 8745 7746 45.2 35,
50 566 9i. 8Z.5 66.2 54.6
80 99,6 92.2 €3.5 88,3 73,76
199 59,7 92,7 83.1  11l.6 02.7

(19)
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