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Fatigue Life under Random Loading (Ist Report)
——Statistical Values of Fatigue Life under Random
Loading with Exponential Distribution——

by Junkichi Yagi, Mewmber Motohiro Nagata, Member
Yasumitu Tomita, Member Masafumi Asada, Member

Kiyoshi Hashimoto

Summary

Main purpose of this investigation is to estimate fatigue life or allowable stress under ran-
dom loading without using well known cumulative damage laws. Basis of the analysis is to
obtain fatigue strength diagrams, namely S-N curves, under random loading, and to deter-
mine fatigue life or allowable stress directly from the above S-N curves.

Therefore, it is necessary to develop reasonable fatigue test method under random loading
and to get S—-N curves for random loading experimentally or analytically.

For this reason, it is required to study statistical characteristics of fatigue life under ran-
dom loading and to compare with results of constant loading tests under various conditions,
for example, kind of materials ; type of loading ; shape of specimen or model structure ; range
of fatigue life, etc.

To achieve the above purpose, the following experiments were carried out and obtained
statistical values of fatigue life and cumulative damage sum by Miner’'s Rule. The experi-
ments are axial reversed fatigue tests with about 30 pieces of mild steel plain specimen in
life range of about 3X10* cycles, and loading conditions are (@) constant loading amplitude,
and () load and strain controlled random loadings with exponential distribution.

From results of these tests, the following conclusions were obtained.

(1) It was found that probability distribution of fatigue life under the above loading con-
ditions conformed with normal or logarithmic normal distribution approximately, by plotting
tests on the probability paper and X? tests.

(2) Using F tests, it was clarified that scatter band of fatigue life under random loading
was considerably narrower than that of constant loading and the band of the life under strain
controlled random loading was little smaller than that of load controlled random loading.

(8) Probability distribution of cumulative damage sum is nearly equal to normal distri-
bution.

(4) Cumulative damage sum is less than 1 and arithmetic mean value of the sum is 0.222
for load controlled loading tests and 0.551 for strain controlled ones.
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Table1 Chemical composition (%)

C Si Mn P S
LSMlilB 0.12 ] 0,23 ] 0,98 {0.015 { 0,012

Table 2 Mechanical properties

Tensile
strength
(Kg/mm2) (%)

SM41B 31 45 34

Yield point Elongation

(Kg/mm2)

Mig

g10

52 BL 20 je 52
140

Fig. 4 Size and shape of a specimen

(unit mm)
3 = B&
31 & B K

BEAMIERSR SMA41B ¢, AERBRFIATHIRE 19
mm O ST L, 34 v— FE X BB O{hER
28 XUERAEE L Table 1 ¥ LU Table 2 wiR$
EBYTHD,

REXF LB/ NEE O EA2Y 10mm T 20mm OEST
A > WES162-2 B¢, DMk, ~HE% Fig 41
NG

RABRAFBEFHAVEEFRC—KT % L 5 iR
L, IIEBOBMEIRE LTty

3.2 ®EBHE

ER L BB ER-HEY — A REFHBRE T,
BEIT £25 v, BRLUEEZ0 1I~15~v Y, WE
EREY1 vETH D,

EYRRITNTEHNIOZLAWKRIVHETH S, HER
AL, B5IRAR, BELBOIET-EREGREY RS
BAT » 7T AN, BHRE S BWHFS N, #R%
RDB DO EMEREFTAKRA8), EIRIE e HKiH
Ny % RDB DO EER T AR (16), —ERET
DESHFRDOTE BLY RD D DD ERERF AR (25
RIS v A LHETOEFRGOMITEZRD B D
DHEHHE S v ¥ 2 EHRE (33), b O EHEZ
vEAHERE QD THD Uik, () AT
ABLBBRABEERDL T,

EMER L OEEEST AR LR LEE 0. 1~12 ~ v
VLT - oo

EYHEGORTEIEMFGL S LL 3X10* @EicD
WTEE L, TORDERMERTRR TLICHERY
S,=27kg/mm?® & L, #EELEE 5~8 ~1v Y TRE

Lico FYEAMETI, % OBESHLIRRNTLE
L, #ELUEEIRSEIF L3~y CAMRERE Yk
DI SCEDI, MEHBETE, EHRED LEEIRR
%EPBZE%iu W IRHIREORAfEZ LY 40.5kg/
5 RHIRED TRER 12 I EFR (NV,=2x109)

uﬂﬁ"z, 21.5kg/mm?® T, EHBOBEE W, ThF
NDIETH R IRIZTRIG L _ER{EAY 10,000 4 (1072),
BIOTFRRE? 1,6004 (1.6X1073) TH5B, [k T+
UZED FREOHERER Q@ % €=3.33X107° & 1L—1L
Fohd 5T, Su(3.33x107%) =40. 5kg/mm? O HE 44
F v ELAREEE 334K, £,(3.33X107%)=10,000u OFE
B 7 v X 2B E 27 KEW Lc—85E Lh DI HiE
18 1% 40. 5kg/mm?, 39.5kg/mm?, ---, 21 5kg/mm? ©
5w 1kg/mm? Lz, FRIEX 10,000 4, 9,600 4,
-, 1,600 DX 5T 400 TEIZ 20 AT » S rEl
L Z ‘/ﬁ“AﬁE?ﬁ%T@r\‘j}@»}}iUﬁ&:oL YOI
K8 DEINME L INTVBY, RBFETONEIRIT 20
THho+oEELbRD, 7V FAHEQCEHIERE (&
RIE) OHBEER IUCBECBELTL, Thbr4l
BR285E, ThOorRALAR GHolEs ok
DHBEAERETRRD) O 28EYT, ThboR
B AVWcRBR R BN, WEE AT 24 KB X
V9K, BHETIRER 19 KB XU 8ETH 2,

EHABRPOFEER X O EFI#EC 1 gage length
10mm @ axial extensometer (Model-series 632, 13C)
RV,

5 v £ AEOREEOEEMIMAFCRT,

4 ERBRIUVEER

4.1 8:ELPORESI-Eihig

BaR LD T-EE ML Landgraf Hiz X BEX
7o step test® ZHWTRD, THITFERBRA %
1 ARV TEEER ) RBRE T O -Eiigs ko
LD TABEOHER DS, ARBTILZD 5B in-
cremental step test R\ /27,

SKDIERBR B I EFIED step test DFE
B Fig 5 12R T, P01 S8R HAS 1 ERRORK
RChr (ok, AEABT ORTIRARIC X AR
JEi% 83, 1kg/mm?, B3R L 47. 1kg/mm? TH -
7)o R LPOIR-EHRIKRAN AL TE, Tthz
RIep e TR L,

Sofoy'=1.04(es[ey )04 (1
7oL, S;=18kg/mm?

T, oy XY va— AR L e AT Y Y
AN —TEBNT, T-FEE GRS EER R2L R
HEDIRTITER LI BRICT “C‘ 18kg/mm?, ey’ IX
oy WRIETDHERET 8. 5x107* THbo

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

FYXARMBETTORFEENCH T 2HE (B 1H) 365
> EalEy’ 50 L_ | T T T T T T T T L.
5 10 5 - { -
7 T T ~ ®
E 40 ® Sq=53.29'Nf-o'0625 —
40 - E,, - —
L - 20 S 30k J -
z e —
£ T -
E 30 static stress-strain ) -~
o curve - &%
= 415 & l
o cyclic stress -strain < 20~ o:experiment ! —
0 curve 3 - : :
n @ :estimated value using € -Ng diagram
20 (SolO'y‘)=LOL-(EC\/Ey')O‘3“' and cyclic stress-strain curve
Saz18 Kg/mm? 410 il NN NN Y NN N WO SN N O R N Y R
Oy',Ey':yield stress and strain 102 103 10% 108 108 107
under cyclic loading
————> Ng(cycles)
101 '
05 Fig.6 Sy-Ny diagram (S, : stress amplitude,
Ny : fracture life)
| 1 ] 105 1T T T 1T 11T T T 7 T 7T T 71T 773
0.005 0.01 0.015
> €a & - A€ =0.60994-Nf 1%6.,.0,756.N70539 B
o
Fig.5 Stress-strain curves = - AE\?\\ -
&
<4 1044~ —
HBEGIRREB L step test THBRB YV /RImE  § L .
RUTHBD, BRIENEBREOFINEL BLT 54 4L
SRETH S, T Jool
A oy =ch=c 1 I 4 S
. 2 EWES &Uﬁﬁmﬁ?ﬁnﬁ%ﬁ = A.,0.0 texperiment 7
fﬁ%%ﬁ%ﬁmﬁﬁ%?ﬁ%%& L(ﬁ@:}z@gﬁgﬁ%:{zﬁ 4 :estimated value using Sa-Nj diagram
* = and cyclic stress-strain curve -
MoK LD EBEFHH AN, TO/ERLELT, BEL P A R TR N B R N B B R R
e — ~ o s - = 1 ;
FOERBIIFTHE TG EALRAUTHS = E X FER 10?2 10° 10 108 10° 10’

Lo £D 7, LIEIT axial extensometer TRERH
FRRERDE X I 2 HE Lico

BEFRBREMCOWT, FEFESURED B B
1, WERITEE, R TR 20mm OERTE
Credd, BB T SRREENTDH LR,

ENERTABRS LOEEREFRBRTELRCERY
AR E DT Fig 6, Fig 7 w537,

Fig.6 @ Sy UGHIRE)-Ny GEEHE®) BRI, S,
& Ny OB Sp=a NP TERTED b0 L1,
a, b XEHERCTROTEBRTELLLELDT, S, &
Ny OBRRKRRD L 5 1eits,

Sg=53. 29+ Ny~0-0620 (2)

BHRIZ Np=2X10° LREL, EFRLFEIRS
JEJIHET 0.5kg/mm? ZEZELERB AT T oy — A
HTHR® 21 5kg/mm? 7871,

Fig.7 © de (&FWE)-Ny BEWFHG) BRI, de=
degt+dey (de : BETNE, dep: BHEERE) OBIFHEA
D, deg, dep HFEFHABAPTHB LI e 27U v 2L
=7 LORD, TRThHHEDORHEN de,=c- N,
dep=e-Ns¥ TERTEHL0L L, BREKERERT
RDEHTHEDLILL DT, de & Ny OBIFRIIKRAD
Lo,

——> Nt (cycles)

Fig.7 e-Ny diagram (de : total strain range,
de, : elastic strain range, A4e, : plastic
strain range, Nj:fracture life)

Ae=0. 00994 N,~0-1186 1.0, 756 N =039 (3)

Fig 6 & X O Fig. 7 OF DB B - 7 Tk D X 5
RDI, Tiebb, #ELFOIGH-Big (Fig 5)
ZRCT, EEEGTABR CONEEECKIGT AIENE
XKD, =zD S, & Ny OB3tR% Fig. 6 WELB-15
TR Lo, RHRIC BT B 55 R BR Co FIfIG s
T5FE% Fig5 ¥HVTRD, =0 de & Ny OBFG
% Fig 7 B B> TR LY.

MR BB X 51T step test THRH LN LR
LD TI-Ef#E & Se-Ny K25 de-Np R %
TOIBECET D ENTED, ¥, BV 20
BRI de-Ny @R D S;-Ny BREHETE 5,

4.3 WHFGOEEIEE

EHENEEGT COESHFEGOHFEL T 2 » T
Table 3 =573, :

4.3.1 v 7«44 X

T REEDETRIE 2 R D 2 HA L, HBAHT
TehobH v 7N « 4 ADRIEE e 5,

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

366 HEERFLRNE $£1525

Table 3 Statistical values of fatigue life

Sample Probability Arithmetic Standard Varience Coefficient
dize distribution mean deviation of variation
controlled Gictribution | 2.76x10% | 7.57x10%| 5.73x107 | 0.274
constant c
amplitude 25 logarithmic
loading normal 4,426 0.115 0.0132 0.026
distribution
Load discribution | 2.97x10% | 4.15x10° | 1.72x107 | 0.140
controlied
random 33 logarithmic
loading normal 4,46 0.0635 0.004 0.C14
distribution
cerain aictribution | 2.59x10% | 2.71x10% | 7.36x10° | 0.105
iggg;glled 28 logarithmic
loading g‘;g’t“iibution 4,411 0.0446 0.002 0.010
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Fi, REERSTBADEEE L X2=1.294, X%2(0.05)
=3.841 /5 X2<X2(0.05), L7oAv» T, BEKHE 0.05
TIEES, JEERIFOWTRICL BB LTS &
WEHRTED,

FEHEZ » # 2R TIL, k=5, ¢,=5 ¥EELT
W27 5, EHEDFIT OV TIE X2=0. 366 < X2(0. 05)
=5. 991, W EHS iz oL Tk X2=1. 124<X2(0. 05)
=5.991 kiooio, LEch - T, HEKEO0 05 TEHS
i, RNEEBRLSFAONTHIZLBEELT5 L5,

EHEZ v £ 1B T k=5, .25 #BR L THEEY
T50 TD#HE EHSMC DWTE X2=0.812<X?
(0.05)=5.991, SFIEHEHFic D Th X2=1.124<
X2(0.05)=5.991 kirotc, Fhik, BEIC AEKE
0.05 TIERAM, MNEEHRLIMO WFhicdb@EHE LT
WhERRTE S,

Jacoby BV, TA I =Y ASE 2024 D FHY
RABR (EHEPREK 3. 1D 2AWT, Had 10°E
DF—=X-THIEHEMGERE, BEOFEL LIS 8E
7w 77 AHERR (BAIET 29. Tkg/mm?, FHIEH
12. 7kg/mm?) B X O'F v &£ ATiERER(digital random
signal fff, LT r7S2a8BERE L) v 7
Ao A X 30 BETER LTS, BHOBESM
R T 7y PTDHETHRSN, WEERSIMH, 71
TADHEDCTHICAERTH0, BEILEOENLD
FRFHGHE IR ERASFCEEGTAELTHLT
BHBHELTWE,

ElMaraghy 5% (%, SAE 1008 $ 0 FiRAL % H
W, Fh 3~4X10° OHFEE TR Y BT ED &R
B BHEHZ ey 7EFREBRB IO T v £ S
RE: (narrow band random loading) %% v 7/ - 3
A R 30~45 TiF»> T\ Do FORERS LHERDBEES
A ERSTCHEELTB X5 THD,

FED XS, BELORBRTIIEGOEESHDOE
BERERI, ¥V 7n o 4 RAUNI Wb BT
REBAZLRTERVY, FRBREHDOL & TIIIER
oA, MEEBRSAOCTRICSHEET S L0 5 HEEN
Bont, EFRBREROBREEH L CIBITORS X
EPD, FHIRBERASTTLELTLRVLDE
Bbhb,

7 v EAHBETOEFFGOSME, EFRFTOEN
LhBMODTEETHAND, SHEILRIAVEETTD
MENEENDHEBETH Do

4.3.3 EFFHDOHE

Table 3 b, FEHBGDOOEITIEHHE 5 v # 2R
TOEI RGNS WESE T v 4 2388, EHERR
DNEC T » T B,

B EMERR T TOEM O EEFE G 3x10* @

] I I I
C1 random —

8 loading A/
fd I~ ! =i

¢ /
5 ' i
> - ! =1
T 005 + ]
L / i

—
- \constant / —
loading
B <5/--[::s.eucio ~random |
| // loading N
~.
Oy O~

001 - ¢ —

I i { {

5.0 0.0

——> Log Nf

Fig. 14 Dependence of the varience of

fatigue life on the mean frac-
ture life

BEOSHCE L TRbTICEEY I s ERH5
I ThbB, CHICLDEF YT« H 4 X112 THE
(log Ny=4.59) D4 G 1% 0.0396 THRERTD
EE 0.0132 WHAHYAEEE e o T Do BT
E L PHEBTHERRTOHFEGOS BT OV TUIBE LA
Tigws, EHELOWRY FRBFHETOER L
B35k, v -4 X37 THey (log Ny=4.06)
D4rEr G 1 0.0053 TAHAERTOME 0.0132 X b
NS, BTHETOSBOFTHNEICI5THD,

Z v EATMERR TOEGOSBIZO\WTIL, Jacoby
51, Chernous 5?2, ElMaraghy &% OWZERH %,

Jacoby BV 3, FIBRORBREETHE D X
», K ) EHERRT 0.0066, 77 77 AMHERK
T0.0024, 7V X AHERKRTO0.0035 &L RDHTED,
5 v LAHBERBRTOS MO FHEHERR FON
HA~Uph &y,

Chernous 5213, PIRERBRK (B steel 09G2S)
wFVCEERHRIT O EHERER, 7 v & AERARK (white
noise & A\ 7z narrow band signal) B X OV#EElS v
FAHERR (SHBESELY v #2385 #FH L
T 5, FHflkit 3X105CN,<2.5X 108 TH v 7 -
FA AL 2UTH Do FOFEE, Fig 14 #1BTH b, KS
BT v F 2 HERBROSHESKE LD DLBAIT
WEMERBR TOSEBCHEN, 7 v & AREBERERRFIO
DEDFNPNEnE % B F7, Chernous Hiz kb
7 v X ATHERBRLEUT v A 2HERBTOFEGOS
iy Fig. 14 OIS NBREYEE LicBE0 0 Bh Y
PNEWEELIE > T D, ATETOHRL S v £ 2 HER
BT A ERHERS X UEHME T v F 2R Cliy
VTN L ANTERTR OB IV 8 E AT, BE
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DE, HEEDICEER UEEIBLRTHS,

ElMaraghy 5% 1%, 8Tl 0RBESGHETHE GHO %
EERABRTO0.0538, EHE 7 = » 7 HESERT 0. 0655,
S v ALARBERET 0.0243 LRDTE D, ZOHAR
L7V EATETOHOEINE WV,

Pk, ARBRERR IOMBORBRER & L Bhsmt
FHEARLDBD, WThOBECL T VX LARERRT
DHEGDOHTENERTEAR TONE L VNI WEELR -
TWb,

R LD EREFETRNCERE T %,

2ODERNSHTHREADHEI AU E 5% H
NHEZIE, K4 OREMD LB LICEROS & F
TFHHEFIR L FREETHRETE %,

Tichb, BEFDODE 0f & o BRI &5
BARESE S & S2 Dt F=S52[S2(S2=S:2) &
BOoT&D X310t 5, WERERBOSEYE LR
FEIICEWITTHIS, FEIEEKETEES
Fla) T hkEWERE, ChiFEIAHERITS LoEK
PEE L AUSBS ToR W (aBE) HbAiiE Ll
Wy, bbb I OFBKETHANCERDOZEL DD
LEEwRT 5o

EMEESRE WENET v X 2 EGRR EHE
7 v ELRFRBETOE 2 DEFRFGOLEY FREE
TEET L, o8, FEKEaL 0.05 TREXIT I,

(1) EMERREIFMEHMES v X 2RBRTCOEXRH
D5 EL

BHFGOBESMBERS MR T 5HE WL Table
3 R LI T F % 3835 L F=3.337 &
5o F(0.05)=1.86 CTh %55 FGHEHE) > F(0.05)
Lis%o RRRKEE MG BER MO HFHFTILF
GHEfE)=8.278>F(0.05)=1.86 Lith, +hik, F
WOBESTNERS M, REERIFOThOBE
Zh, BEKE 0.05 THRICIEEOEND Y, WE
HH 7 v ¥ 2R TOFEGOH I EREBEREC LA
IWERERTE D,

(2) EMHEARLIENHEZ v £ 2B TORYTFHa
DHE '

FwOBESMBIERD N O HaEw 1k FGHEME =
7.833>F(0.05)=1. 95, MK B ERS OB E I
FEFE(E) =6.648>F(0.05)=1.95 &/th, Li o
T, WEHHEY v £ 2R LA EHET v 5 2R 8k
TOEGOSBOEMERBRICHN /PN W EERTE
Z)o

(3) TEHHET v # 2R BRLERH7 v £ 25EkT
DT F D4R

FOOBESMNERLIM O BET ik FGHEMB =
2. 348> F(0.05) =1. 90, A ICHETERSHOBEITIL

99}
[o]
95}
-~ S0
i_.’_ 80}
70}
T 60
50
40
3ot
20}
10
5 L
1 -
02 03
—> ¥ /N
Fig. 15 Probability of cumulative damage
sum for load controlled random
loading plotted in normal probabi-
lity paper
[
99}
a
95 +
o
<90
E_: 8ol
70}
80}
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]\ 40t
30+ g
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i 1 s I
04 05 06 07
——> ¥ Ni/N;
Fig. 16 Probability of cumulative damage

sum for strain controlled random
loading plotted in normal probabi-
lity paper

FGHE(E) =2.028>F(0.05)=1.90 tich, Lizdi»
T, v XLARBRTIE, ZHEERRO G EERE
CHARFBHOSBAEEKE 0.05 THIWEHERTE
%o
E¥HDOSBIEEIMRABEELET, #H, &
BAER, B, WELSE EELSH, FHIES, E
TR E) I lBEADRFORELZITH L0 EBbh
Lo LRDOBEOEMIW LA TR WA, ThrHER
BHBWGIIIEHCEETH E L, ILRIAVERED
EHETTCOMIENEERD,

4.4 FUHLWEEFRBTOREREE

7 v ¥ ATERRT OEYHay —CrEEY AR
R EBBEENEHCCREYER (usage factor) %
HELHEETS LE, BEBORFAEERL I ZHOLI
LT D EWEEIC S BiEs 2 LB LAR I AT
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Table 4 Statistical values of cumulative damage sum with Miner’s Rule
Probability Arithmetic Standard Variance Coefficient
distribution mean deviation of variation
Load 4
troll 1 )
Condom e aoTRal ien | 0,222 0.0309 0.00095 0.139
loading
Strain d
troll
rendon ! | Bthueion | 0551 | 0.052 | 0.00m | 0,108
loading
DI, COBmMEBHLNSC THEL LI XD BV BlED X5, REHERS MR, RBAER,

TEEEBL DT ry VHERR, 7 r /5 AER
B B0 IBOCEBOWEN Fhh, S-N HROB
Ik, BEEFAL S O0TE2DBREN T X LT
Do UL, RIEELICHETEEILRL, £HOHCREHN
LOWEE T TN ThORBRICE S TTRUERALT
WHERTH S,

ABRED 7 v #2388 T 0 BEHEE * (2) RO
Se=Ny #NEB XY (3) R de-Ny #2K & Miner 8
EHOCTRD I, BBREEROBEN % THERERKT
Twy b LEREPHESES v £ 23w Fig 15
<, EFET v £ 2RBw oW Fig 16 i3, Mo
DRVCTRLEHASHCHEA LD EELDRD, &
WOHE LFRC X2 BEC X Y FEDH~DEEEY
BETD L, BFEKE0.05 TEHESH~EE LT 5
EWCOSERZEOND, BEHEEOBENTT, “h
ETCRLERDMTHD LvbhTh Y, BENSHCH
LTR—IRERSHE LT Wb EEbhs, L
L, TOFHER X007 &z Table 4 7T X 5 1@
HHEHC L VB> TwB, 1, WEOLBEYA
HBRTO 1/2, 18 R LICHERHES v X 2RBTOR
RBEERLTHE0.222 X WM/ NIWEERD, X5
CEREEAE (B3R X 163kg/mm?) DEAITIL 0. 98
BEOEEXB 5%,

WADDIMED FRENBEHERC RISTEEY
ANTED, S40C OFEM B LOMRMO 7Y Ak
v AGERRT, WEOLREYL 2 (REREEY
RD, FEMCIZEREIKE IS EE T
WL 0.3 7 b 6 DHFEADHEY, MICH/RHMT IR L
0.95 205 0.35 DHEPFADEL 7o B EREE TS,

Buch'® 13, &L OXME 2R L EBHEEEIRR
SERIZ X D 0.1~10 DEEICH BITS & LCFDE
EBBE LT3, BHESERIIELR OO,

Y HERESESRUECREREROTISENL X

DHLNIL s BEHRSD L 2 AL M TR
P, BOIREIOWEAMC IV ThUToRER
IAREN—EMBERBETCENE NIz, 3
HVREBEELRORI-FEEH LT I, 0LE

bhbe COMBROWTRERRN D N EHY
KRR HEFEL T bo

B, WEORMEAME, BES TR, BHEH, &
BRI DB A DRTFOFELZIT AL 0L EbR D,
Thit, BREESNEACTI v X LB TOESSES
DEVIFEIE KDL L X, BREEFEEY—£
KW DIZTED D DT THh 5 H 35D T L\
Thodo bl, COEEERLDRD, BrDL&ETT
DRARBEHEELX SO UDEACRDTEE, 70
SECIE U RBEERYRAME L T5 & LA FE DR
BThr5,

5

AHIRE, 7V X AHETORYEGD D IHAE
T1% P-Su(@)-N BRI DE#ERD? % By L+
LHED—RTH B, TDRDITIL, EF P-S,(Q-N
MR B EFRARELWEOIC T2 o & AN EEL e
}:)O

AHRILOFE—H L LT, BREALETEREREF A
WXL 3X10* DFEHRT, MR EHERRE
IO v FATHERBRYER Li, 7 v FAWNEDOEE
DATIER ST, BFIEHEEIHENES X 0BH4,
WEHAITREZ IEEYR, LRELZESS 108
BRI T 2MEE L, ZOBBEHERQ I 3.33X1075 T
BH5bo

ERDREBREM TR LN ES B OHI B IR
DIS5THbe

(1) EFHEHOBREHSMIERL L HIERS
MEHBEET %0

(2) EFFGONEL, ERERBRIBEIAEL,
WEHE 7 v X 2388, BHES v £ 25880 ET/IX
K7eh, ThbHRIIEEKE 0.05 THEEDEND D,

Fi, TORBREMHT T Miner Bl B WCEHESHR
DEBEHEERC VWU

(3) BEEGEEOBESFIERITEET 50

(4) ZBREGEEOTHET, FMEHMSERN 0.222
T, ZEHEIEREEN0.551 ThH 5,

SRIZHIE A DRBEEMET COEFHAHDHEH
HEHLCIBEBREERELZRDL L IhbIEOW
TOWEIH DI NFHEELHED T LEFETH S,

I
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T8 FYLMERLESE

FROMRS M/ sy, FEill (—HIL »
LDHLIBEOEBREEHACTERTE %,

rTEcwr, Rt —-vrravv ., —x (OKI
if 800) % H\v, BASIC o AL BEK RND@) Tk
D, BRSHT5EABOMERIC XM ERE Y Hu o
FIEBRCER T A2EEREEch Yy, —BH, M
%, RHEORENLETH o ROLEIALBITHFEK
# 0.05 T—#EM, BUELARDLh, FEECELT
107 B E CRBAREAR VI LR EAD T,

SVELEEREIRSE T r—F 4o — bR IVEDBR
Te? v X AEOFREZRITER T,

Y
DATA®INPUT
AL B3, RIEOSAE, B
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[EEe s sofa)

RIBD F19E
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Fig. A-2 Random wave

NI | -El ectronic Library Service



