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Z > W Greererenereremeesuesensiisisnssssiesississsss et 4/ V)
ThDHIEREL, BHH Zke OWPHAES| LB S IRAREEREER » Gmaxt & Thid
L _Z=WrL | e,
Gmax = = "wn B/Y)

(3) EITEIRE
ST ATERIE I R BT OB T 5 — I DI ORATS 50T N BT 1UZ, (1)
TSRO BEEEST, ()R & v — 1 O OMBMEEL, (3) v — VR R U v — L E O
R X B IR, (DR, (5)7 O R B K R OB, YRS 3 00
RETEBA, ChOREREEHET 20, TOKx2HEEICHET 52 &I2HD THEE
TH 3 eitic, BEMRMMSS THLRA SEERTH 5, LESD TROSE ISR T HET
HEHRBOFERZ I 5 ORFEE AL b ORPWTERIE S FHOAXBH VLTV 5o
T ICEE OREE « WA « v -0 BRI R UKEOMBRR L & LABS2TEETTAT
RS R ARSRASHTE Y, RAGIE £ e AR SRR B OB S 5o L
LnIhoRAR b
w =k + BV i w o=k + BV + RV

DB THENT VB LEL bk, ks ZEBREY - V ZETEE(kmD)T, HIHEHFFEL LT
SETEA I BRI EEST, O 20, B3WE V2 omERrEL LTERFRENORBEERT O LATX
Vo L7#SDTHRAMHE 20km/h DIF OFAE Io ) TR RELHT 278 A SIS I o R I
&L, B2, EIHOPBIBALWH UEBLTRE L1 %, B1HELIIV=002 RFT
DAMEIT, e LTHMZOMBHERAS Y, Bk MEHEREO & $i3A &, V=8km/
BEEITIRPLL, &% (BE). T3 BUBAT 2, BKFA-A_¥ ) v T eu—7—~%
Y » 7R b O TR X XS DV, EEIE T BEOREY T HE I ETREDT
COMBELLEAT LI EBH 2, L L—ic S EEHE LTRERN TN,
SEATHEPUARIE. 5 2 R A S O FR AR 1B LB % b ORFEHNS VO TH DT, Hauska 78
BB (BIG00™, 750mm, 1000mm) JcHIT <% b 0 & LTHF TS Hasrmany AR
Brom A3, R U JUDTMANN AEEEEER AR & LTHWT 6(81)'<‘RANK AR &S T OREN
téOF%%otn&uﬁkhﬁoﬁ%ﬁﬁkﬁﬁ6§%ﬁ%maﬁmﬂk%@?%5#6§#
HERMEIC O ST LIRS TOREM » 545, JupTMANN A8 V <50km/y (FEFHH

(1 Laufwiderstand, Running resistance (2. Lagerreibung, Bearing fricton (3) Rollreibung Rolling
friction @ Stosswiderstand, Impact resistance (5 Luftwiderstand, Air resistance

(6 Giese 148, HRE=, MGPTHI25M, JupTMANN 2107, NFHILE CHOAREWMT T 3,

M (5)p.54 ® Hiitte KBS 5 T3 2AR!Z FRANK AR TH %,
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BE20~25km/, ) HEBHHIH ) 100P.S. F2EEQ Yhihis CEER 2470 fo S5, HEBHELETEIUR
#1z HaarMANN 230 & FrRANK AR O P 2R L, Hdi3 Haarmany AR ITEWE 2R
LT s 48 b 0ANKCEERIEEFEE XM Th 5o

HaArRMANN 243

BiR 1000mm oo wi = 4/m + 0.00255V?, wie = 1.7 + 0.0013V2 1
750/760mm v wi = 4o/ + 0.0030V2, wi = 2.0 + 0.0015V2 ' ...(6/V)
#  600mm ..eeeneen win = 4/m + 0.0035V2, we = 2.2 + 0.0017V* J
BLumA=R
il 1000mm «oeooeeee wir. = 3v/m + 0.0015V7 "
# 750/760mm . w,;, = 3z/m + 0.0020V2 !l ....................................... @IV
v B00mM e wi = 3/m + 0.0025VF |
Frank 230 (Hitte 2£3%)
U 1000mm e win = 27m + 0.0015V% we = 2.6 + 0.0003V* l
# o 750/760mm ... gy, = 28m + 0.0010VZ, wie = 2.7 + 0.C002V?

” 600mm

JUDTMANN O EFHERfifi

iR 760mm V=40km/y DI, m=2icH L

......... win = 29m + 0.0008V2, wig

{"'(S/V)v
2.8 4 0.0002V2

w;.=65~7ke/t = 4~45ke8/te-cceoeee (9/V )

F v U FRAR T Om BB O BRI TS 20 (6/V)~(8/V) XEHATLTHhB &, #IH

A BARK X HETEBRE

(T 760mm  BEBHELIRENE m=2)

wy K9/t

/2 I HAARMANN BTN
/7 I Bium 2K
I FRANKATU

oy

BREH

Tuz

760mm g =2DIPA I wiks/t b Ykm/h 3
ORI HAEITRTRY TH2T, VL
20km/h T35 2 IHO PN RPN S <,
V<10km/h i3 SE DR BFRA, LB
T, ThirciE 1 HEREROHTFO
WO LA E B he LTI, Pl
I U RO B R,
BleoWTi :’EEE@%Z%% AR L C BB
HORT B 2 T EATHRCRIC & LT 8%

AT REFBHvbh T3,

I [//mr//z SEATHITE v = @ AV E &0 BIRIZ
40

HUANEMELOTHOT, EBEL—L

(1) (7)p.253
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DS v — A OREA/ NS VT & QI B o B » AR SO TH S HiGIcBHI DT L
Jo X O THEBAEAT o WIHOA/NLETHIO 2 &I BT 50 O ETHEI B E
g 8% LT HROYHE R O BT HERE BPEE LD D, —RICHHOFHELEICRT

- wo R AT E RO X Y b RSREOH
wi(
o WEEEREES IR B D, JuDTMANN A
v ER (kg/m) o
o 6 16 P TR U &L 9 ol
+ T
& 182”1‘5’ 1‘; X, T OFAEGECEH L TEREE R 8 O
22 10 CER Do LRI « H RAUEFN 319504
B (mm) 10 B0k BRI B B A AR N O FARh
s ¥ o 295 g o TH A S O TARBEIE Y T4
600 11~13 w
750 8~10 I AT w11kt 2R Uiz, DLEOHE
YU n D SRR I SHET B BRSO AT EET R B SIS NS T, T ORUEREE R A
RS T Be 127 LEAE TR O oKk EEHIN O T R
CBIATRA, & LRI TOO™ (2—67) TH gy fimm) | SEFHURE(ke/)
i
B, COHBEPET2b00REHRL 600 | 12~13
N 750 | 10~12
LTHZ %o 1000 | 3

]

a. R OFRMIE (BUE760mm)  w,=7~8ke/t | w,; =5~6ke/t

b. HFOFHEE ( ” ) w, =wi=wg = 10~12ks/t e ereeenenaas (10/V)

c. FHRoOFHMEE ( v ) w, =mwir=we =12~16ke't
A fFHh R 2 F O PEEAEE L EETH B T L FFBEOEY TH DT, WO BRI « &
IO FRK « ATHORE « O ETH w O KL HLRITTI LRI I THEVA,
X5 IR OLFI MAN L BRI DL EIbND, (10/V) X3 @EOENZEZ
T % B 5 A OBMERIT %R b O TH 5 45, — M I O O A RY 1 O
S s 102 A) IR T D TH 2T, Hiek ALl B/ RO ETEIUREIT D T
51038 il o BRI & SETHUURE O B TOMER X pRRELRE (B) O

VR D S R e . () :
WoE o mom | (A [BIETORIE CHmLTes. Tub b oflic

TH iih 82| 0.01~0.02 ’ 30 i, e—5— e x¥P YT FRETE
2—F =¥ Yy | 0.005~0.008 20 -
K = ¥ Y| 0.002~0.003 13 —e _¥ Y ¥ ORI X YETE

SRR Yo~ BEICH A€ L D50 OB AETONR BRI EEBT T
BB, X OSSR RIS TR R b BB AR T T T 5 2V '

M (12)p3537 @ (7)p259 (B (7Hp259 @ BLRHEEEN, Skgr —r, WHTEOmm, AWML v (3
S TS, i E650mm ), SE{TEE ) 12km/h o d, FEME BIEEROKE © (18)p37
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(4) BB ,

AT 12 A AR O T B S B BRI T B BT H DT, 20K S RESRRO M
B e 2T 7 e Ay b o RO « HEHOE « HIRO 7 7 ¥ VORI « BITHBE L & 5B
ORFIRKEEN DA, RO ET 5 FHRIZEHhXRO S BIEH S 2,

a. LAY ﬁfﬁfimm 77 Ve Hlv—A & ORIc T B EEEN (ChiZREMT
B v bR AR TIRAERERS END ).

b. MR TR = A~ ORE BRZ o —F O RS —EHEEEEE T %
EOIETHEI OMIv -2 AL -LOESOXE Alm LTI RRELC ShB
gk Z Al—nm (di—d:) THBo 723 L n =L T o BEo migE ¥, di=/UHREo
v = & OFIBOERE (M), do = AHIHERO Z h)o

C. TSRO SO B & P ILERAS L — AT LD BB T &l X D AT B (Sh
BR3y 7y Y baERMSh, MEOECIRAUR ¥ - RIHTRIELTHS)0

UL Ths O EBRME S UCRFBEHLTES A2 20, Thd2HHLTHET
5 CEPAYVAHTH 2, LS > THHEHFRORZII—KICHEIKXZ ¥ PRUZR
7 o 7 %M L EEIC R 2 BRSSO B ARSIV O NS T Lt b, COXSAHE
BARX TR E AL TV301: Rockt KX TH2T, MEEIER w. kg/t 2
RoOHHTHRT O TH Y, HAUSKABHFHE O we HEHBEAR L U THY % GOERINGA
R IZERED b0 THBe ThbY

RockL A3 i  1000mm ...... wy = lg“_qgg
# 750/760mm ..e... Wi = 123% ....................................... ayv)

14 ’ 6()(}mm ...... Wy = R—g—gg

400

GoOERING A3, #iH]  1000mm --.... Wk = pop
# 750/760mm ... we = RS_%)O e (12/V)

” 600mm ...... Wi = }?2?0%

Chb ORI weSHic R 0L O & LTRENTEY, A2 R O/ EIRE LU TRARE

TR0 Lrb b B THE R0, Hic2B L LBIEEICEE v, BNESE oMt
. (6]

TR AR T wikm/t % f K R & SHEE VAWV Q B CR U= d ©, R0 2 illismo B TR

1 Krﬁmmungswiderstand; Curve resistance (20 (5)p.55 3 Illinois AERAR,
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D (2) i
Ui b0, Rmpii AnOEETR L bd k&b b5 25, Pl 24 b Rl o Bk 5
I3 ¢{ PROTOPAPADAKIS AR L LEUMBAZINVEELZLNE O TH2T, JUDTMANND
(€3]
EXHP 2B 0RRNOBFAPHEL TS, Thbb

0.50. 21 A2
PROTOPAPADAKIS Qﬁ Wy = f(s +R'\/S +A ) ....................................... (13/ V )

L f= v—n & HiRoE ofBBEEERRhEE (kg/t), s=Hlil(m)
v A=FsEfhi(m), R=f4(m)
Z OATR ORI BEETRE f PEALTVDZ L Th b HifHS v — 1 L HlROH O EE
BICB R EEIND T 2 REPBET O HFMPEOEHIEL, LIXLE v - Iciok LTI E
WELTVZZ LRI THHBEIATNT, OB TRABMNEIANTHZ VI %o
JUDTMANN 11 f oftilc EZE220kg/t (0.22) « £5165kg/t (0.165) iz~ (13/V) OBsHL

ELTKRAZH L T3, -
o E F % ZE ihEEAOHIE
1000mm,  spe= (OOTHIALA 1y, A0FTEIA g5 500
. \
y ) L75.9.
750mm gy = @4—1;%’ Wi = 9-%155"‘4 , 1.00~3.00 ‘ eerteteiaeaan, (14/V)
1
. 14759 ‘
600mm, g, = %‘I-éoi,é , we= L"'R/S,L , 1.00~250 |

F fos=760mm o3 L (B/M) IR LR AEEO f oz (13/V) Xz g,

_ 0-50200+ (076 +4/076"+ A%) |

a. WRLTHBIYS WL —LOEE w; %
i 0-500170+(0-76 --/0-762+ A*
b, %K (FX) 044 sy = SRAIODTO V0764
O 50 90 ’0 R ( eevnaaans (‘_{5/ V )
. L] L] . . 2 2
c. MRFREZv—MIHKLESEE w = € 76}:«/0 762+ A?)
.50« 50 «(0- \VIRE I A2 N |
d. 3Lz vr—1ogEs Wi = 050+ 50 <076;“/076 +A4*) )

(15/V) Ric X W HEH L zwikg/t OMHZFRTILE S E(Q) D)DFEY Th B, % =R (c)iz
f =300kg/t A% RockL AKX EHIEK L7 b OT RockL 2R3 R>50m jz 7 2 - ProTo-
PAPADAKIS 2RO f =300kg/t, A=20m GELIcFEIL  EB5HND,

S8 LILOPROTOPAPADAKIS A7\ & R =10m O {1 & /] MRIEQEA - 5L LT 7 O Lo i
PDITAT TR BERIAS B B IR « 8 B L I IEFNAS1S504E 10 H BUSTA BLEL B BRI B L AQ I B4 O %
B I >V CHKIHAT 72 O O A RS ERE LC R, R =115m R o8 R —7.5m, e
10km/h DIF 04 wr Offilz PROTOPAPADARIS AT T F=300kg/t % W TEIH LA fiold~

(1> BLONDEL-DUBOISZAR (20 HOFFMANZASR, WOODAR, ® (7)p.259
@ PEBETR, 6kgv -, PHT60mm, 25 . s§20mm, REUNE F v (SMIREERES), $EE
e 17mm, Hif 2 3 [ E25Emm, fiigR65Cmm)  EFFHPF Mw S 11ke/t 04, MR ER oHE

¢
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5 5 [ PROTOPAPADAKIS A5k X % g S B Rl

(a) (b) (c)
W kol Wk kgt Wk K9/t
5 =76gmm 01 | J=7607"
~ A=20m 28 /ﬂ‘/—A 20"
/=15 267 Ve A=lS
i 1 //_A 10 lf =0T ey A ~A=10 Jf'm
; 4/ / A=(5 22+ - A=0§
B ! / 20+
5 IR 787
L. 1 / 1
Hi b /—A=20m1 /ﬁ
i ] / ﬁj;fﬁﬁjf
e 0 " A=05 o
61 61 A
41 4 4
21 21 £ m
: R R T msagram

QT

10 90 30 40 50 60 70 80 90 100" 10 20 30 40 50 60 70 40 90 100
IS i 4 & R

15 Dfli R L, HOMESBAT S IME2>T w OESBAT ZERBED bk, 37K —
»o«?u/a%ﬁmbtimoE%k£%0¢m%ﬁoﬁiu%ﬁﬁﬁmk%mu&bﬁ%ﬁ
RRATV 0 HDTHPHEDO NS WEA I LHERFEROBE L ER L A OB ESLE L
BRrhd 7, ZOHMECPVTRSROIHIcRERIT LS R

T OEAT AR L I 3 2 L TR OMES, R B Am L HROESE Dm kX
EénéomeAuﬁ&KIDziy7%mﬁkﬁﬁﬁk%ﬁé%@ﬁ¢¢@ﬂmﬂ&Aﬁ@D
EOBURER LTS 2, 7 O b BIT60mm (o 85 3 ff 27 (LB 1IKOMY Th 3o AL

BUR RO & R PR 2 ORI 1 EOIEERT b O T

Wi | ST EERTRE 5o, BeMERER ORI T O - %

0.55 0.49 59 cWIAMOR S « - THRR U MBI O 1 &4

0.60 0.40 6.4

0.65 0.45 7.3 ROBREBELTROLIEHDOTHB, LD

070 | 04 7.8 T HAREE LRI O TR IC ) 5 ~ & MR/ R R min™ ©

0.75 0.45 84

0.89 0.50 10.4 g2k MR MPR

0.90 0.55 12.2 = =

1.00 | 0.60 14.1 i W | BMPERwe(m)

1.10 0.69 15.5 ZHEE (iE760mm 50 ~ 60

1.20 0.60 16.9 EmomkmEl ~ ) 30 ~ 40

1.30 0.65 19.0 FOBHKIE. ) 15 ~ 20

1.40 0.65 20.4 THROBMMEC ~ ) 8 ~ 10

i x OHEIC L2 TR S, BERSEOHRHEICRTHEELA TN SIR/MPE R
BIRIEI2EOEY TH 5o

. 14
M 25, y—emm= &Eg = 20mm (g#760mm) 2 0o AR X 3, @ (5)p.76.
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(5) MELEHIRE
&) EE?EE%E(D REHRI @ ENOARMIROFFITH% o B OEMNAY o, HERH «
LUSIROERES LHGLQ & L, WHHITE Th Th Wks, Wieke, Wike &3y

Wiz = 1000 « Lsine |
Wi = 1000 « Gsina L ............. everenntannareanenataseaeasesnaaanrts (16/V)
W, = 1000 » Qsina J
IO T HEESRI L ket TR T,
Ws = Wer = Wsg = 1000 » SN @ +rreererrrrsersnvsnrenceeneaneaninns az/v)

Uidiz O/H) KR L~ Sicsin e = tan ¢ THE 05,

ws = JOCO o AN @ +rvereerrrerertiriartariereeiceriorceiioriiisncsnnanes (18/V )
LEL % BB TR L TI000- tan =s % & L, T Y Al O%A%—s %e ThiT,
w,= =+ s% ............................................................... (IQ/V)

(6) InEBEEHIRE

LTV BHI S 2 RFIHIS S 2P OFITIc B BB, %72 @EIT O b OWSHEE 2T
b BRI X DTN MBHDT BT B o AT OB 2 AIIAHIEN X D ok 3 7 125
HY BB b HIROE T 2 MM SR OEIT R 4T 2745, ZOMBEAOME & 52 bETIET
DAL L 6 W THEBI NI T 24850 1 5, MHOLRENX F= Ma 2 X >TEEMOW
SIC @ ONHBEZHRR LD ickFh ) Fikobh, O FRmg@EEfticfiE s b
H5 W, HHOH « Hf) o BEEH 7t & O BIE O % Z Eic AN 3 & & Ii2 B R & L CHilg
FRRIFEOHBEMOMY ic—EOFME L% Lz M =(1+7)MZ 2 %E NS5, 5L 7

ITEPIRETH B, :
1000-L

M = 0T — mnomR (kesectm)
Mo = 2C — maomn (o)

a = JEEEE (m/sec?)
g = 9.81 = HEHOMEE (m/sec?)
Wo= S8 MidEE#HT(ke), Wea=1H0 # h, Wwe=KHO Z 1L

Eyhig,
Wo = Wa + Wag

War= M -a= (1471} Mya= %O‘L(umaﬁgo—%am)a '

Woe=Mg.a= %’0&(—; (14+va)a

(1) Neigungswiderstand, Grade resistnace
(2 Beschleunigungswiderstand, Resistance due to accelelation
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X 2 TIHEEIE DR # wokg/t 1

Was = ?2’-32%3+70a=nma+v0a=%ﬂ I @)
wi = W20~ 100 e)a=1021 4 ve)a=cra J

EXPORY oo 2y OIFIREDTEEY, —Bici co0r ORY IKFIE BEITHLT c=
105~110 OHFFEBSH WSO T WS 7’J§(,1) Y=005 LRMULT co=c3;=107 B b2 AT
Voo ULAL/MUHIRTIZZ QI 2T —~ERTT2ET 2 ,

I OMBIHIC DN THE 2 B, SHEE vim/sec fnp, p,m/sec KIET D BT 382+ —

% Ekxsm L F i3

E = Mi(@;—_”l,z) + ](“"’g;ml?)_ ............................................. (a)

=L @1,w2=V1,Vs ;cﬁﬁfﬁi‘?‘élﬁlwﬂ)ﬂiﬁ%, ]=IE$$$H1KOV\T@[§|@§B
DR (mkgsec?),

—EDBEBD b & 12 B> Ti MR D [ 2, & [Bhim O B 72, D bE i3 4TSS Io SRR IR 1
THDT,

X o T 'F”@‘#{ﬁif% el 0 % v TR

Vs .
wl—;’,&m:—;‘l ............................................................... (C)

3 REMOERE gbe, EEPREE A o,

d 12
= B e e :

J z (d)

LOTHHEHA S5 & 21242,
72
E = 1000'L§?)22~012) +3 qk"’(vg"'—vlz):ﬁ .................................... (e)
g 2g
% T —F s,

War=Warl = Cio @ L +eeverererrrrereesrenoneeresesseesssssesoeesee s ® -
THOT, WuDIe X2 Th 83~ & HHRE 2 Akgm, EBEEHES I & Fhit

A = Warrl = CLoQ L [ovveeenianitiaaiiiiiiiiriiiiicieriereeneannnenssnenes (g)

4TI % 4 WS S & S8 L T AnSEEE am/sect jz SIS 0y D vy I %% TOET I* OBO
Tl e & L

2__ g2 '
xo7T A =c- 73‘-’_2”_1. L e e D

Lf»LTE Aftrb‘ni&r‘o rnhs(e) (lﬁﬁflb

[€)] AMMANN V5 qey GRUENEWALDT 12 14+7=17%6~110, z#y 108 {’%}ED((l)p 2), JUDTMANN i3 ¢=
107((7)p.36), /j\;'e&};i}az;r =108 ((20)p.112) $#FE>Twn 3



109

;2 P
1000 Sqkt Sgk e
= 2 (14 7y =102(14--9% 7
R G U+ w0
1'2 S seateaiescetsansatsecsosesnsssane (22/V )
Y= ,Eqk2 %2
1000-L

THUCHT B R co RUER ORI vo b MBI LTEIL LS 45, 159 QRIS E I i=1
THHIb,
2 )
o= 102 (1+27 ) |
1000-G ‘
L eseeieecariencertescanatasariersrertacetancarsnres (23/V)

22/V) Ru (28/V) R VHANL X 5 v REEAS RETHOT, BEIAEL ¥ =0 ¢ =
12 SHS TN B, EH c=104~107 OfEE% L5 L BENTH 5 5o B LR/
B e TEHOBRE v R OWBHEAE LB LARIET %)'7: Vo

INEHEE am™fsec® OffLIE LR QBRI T,

dv . }
@ s (24/V)

THHM, BPEIER 2 ANED EN e 3BV EME £ BIH L T LE 2 25 Fhnssne

¥EY,
IS Erd 45 vmvr _ VoeVi (25/7)

a 2] T 91 3@ Tkid a= T =136
a PRAEERTORFEHEO L ETH2T, HIIH T 0.80m/sec? FRHEOTEHMMEE 1S TR &
505, FRHBE TS 040~05) misec® BEQMMEEZH 2 UL X<, HilOFH IR L
0.1~03misec? ThBo 4 (21/V) RIT X b AHEO M I BT 5 MUY wake/t Offf
FHIBTHEFIBKOMEY Th b, ‘

13 MSHELHLHUAREL
(7) e

(1).
R Z 2 IFIEORRARES 3 (2/V) URL
01 | 104 | 105 ‘ 106 | 107 X3k, EREEOEILOA/HTH>T, W =5
0.2 | 208 | 210 | 21.2 | 21.4 A i _
0.3 | 31.2 | 31.5 | 31.8 | 32.1 HOBE Rk, W= BHEO TR, Wo=TUH
0.4 | 41.6 | 42.0 | 424 | 428 OTh, w=SHOKRAEIRE(ke/t),w,=HFH

0.5 52.0 52.5 53.0 53.5
. OZh, we=HHEDTHh, Q=FIHEOEE(t), L =

o | IEEERRE w. (kg/t)
a(m/sec?) c=104‘ =105 | c=106 ; c=.07

WEHEOZTh, G=KEDThETHIT,

(1) Gesamtwiderstand, Total resistance
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W=w(l+G)=w-Q = (wtw:rts%+c a)@ l
Wi=weL=(wyu +wut s+ cra)l

We=weG= (gt wiwt s% + ¢ a) G

ol #

Q) REICEF DHEN |
AT O % 7= IR H T X D wediT BB, BBt L TEIC ALY — (6) Ik L
X5k AOMEIET KD BIEHE KRS R Do
By = il 72 3 FITRME ORI BT B WT A (ke)
Q = Hiffiz /- 3 FHEO TR (L)
M’ = [ERR QIR HIE L CHE L % L3 3 721351 0 B B (kgsec?/m)
€= 1(;00 (1+7) =102(1+7) = (22/ V )k & B O R
@ = e (mjsect) = — (i)
T,

B & HOR F 72 X F0H ASEAT 20 5 BUY EATEIT o dif R U ARESUI B TS 25
TS OEPUTHEFHICFIL 2 TWT, HTB AR ORI D EE) = % v ¥ — 0% il ¥ hid,
BoEIc BT 5 EOHIE S Bkeix

B=Bi—(w;+wi+ s %) Q=[c-a—(wz+@k)15 [0 IR TR TIPSR, @/
LE#BDTs % OF Y Al T,

B=0(5 Y%+c@) — (i) Q:wreeesesesrrsssesensnsassnmiasatsisiestne sttt asesnanas G/
N I D, Vikns = BT, Vokn/hs In 5T QUGS R B,
T a= ooV op 3 e BOBEDTE LTKR 2B 5,
B ot 0TI TYE ki) @ e W
T Y BRI 18T 1m0 B TR & 4 3 1 6 BB Bkgia T Va=02 BT
By=[s% + 0711%62_ e (WA W) Q veerererrrersrires et eas s G/1)

(2) #HEOFEHN
BEEHIRO TN 2 HIEI LR ic X 2 THET 2 &, HlindIEh & SEHEg c RS h s,

(1) Verzbzerung, Retardation

@ ﬁ%$a=—%uﬁg¥b: RIETIRBO>TEMET 525, [ 25 &> TREMCHE Tz IR RE LT

2__»n 2
= "5 R THHERTS 5o | 2E< &0 e K TEEEAE v K ERREHTT 5

70 ORR/MRIBZIR X VREATWS, (14)p.29
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HMHRT V=%« T 7 BRI LY S b O TANIERERE i X5 BN Al
TEELDOBITLIVEARLTT V=% « Tuy 7l 5o BHERTV—F e Tu> k-1
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Résumeé

The treatise consists of followig eight parts with 10 figures and 16 tables.
I Introduction.

Factors related to the maximum gradient.

Tractive effort of locomotive caused by adhesion.

Tractive effort of locomotive caused by motive power of engine.
Resistance.

Brake.

Maximum gradient.

E 8w =9 =5 m=

Literatures cited.

It is a matter of importance to maintain most adequate installations for the trans-
portation of forest products on the view point of forest economy and radical deve-
lopment of forest operation, because the major parts of forest resources are found
in mountain regions in this country. Minor forest railway tracks, usuélly of 2’-6"
guage, have been more or less familiar and proved their efficiencies in many cases

among various forest transport facilities, since the introduction of minor-size loco-
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motives with internal combustion engines. But it is a notable disadvantage of minor
tracks on the whole, that they, attributed to the common properties of adhesion
railway,have certain limits of gradient far below those of roadways,though they have
various merits when compared with forest-highways, motor haulways, skidways etc.
Hence, the determination of allowable 1imit of gradient is an important problem
in location and construction of minor tracks. For this reason the author emphasizes
the necessity of investigation and proper determination of the maximum gradient, if
any economical improvement in transportation or avoidance of dangerous accidents
in operation is attempted (). _

In order to make accurate calculation of the maximum gradient, the author at
first analyzes the factors and the elements related to the gradient such as tractive
effort of locomotive caused by adhesion and motive power, types of power trans-
mission, resistance due to velocity, acceleration, grade and curve, brake mechanism
and brake force etc. And then discusses on various previously given formulas znd
numerical values for the calculation of these factors and elements(l ~¥).

Concluding these analysis and investigation, the author recommends the use of
following formulas for the determination of the maximum gradiént of 2/-6” tracks
(¥I).

1) Maximum gradlent with regard to adhesion:

o 1000fm—E(WZL+WkL+CL @)+ {wig+ wietCo a)n]
Sermaz /& = 1+ n

in which, f= COSfflClel’lt of adhesion in kg/kg=0.05~0.20 according to the con-

ditions of rail

__(Effective weight of locomotive for adhesion)

(Net weight of locomotive)
win,wie=Coefficient of running resistance in kg/t of locomotive and that of

trolley respectively, estimated preferably for higher class tracks
Wiz =7~8, w;e=5~6, for middle class tracks w;z=w;e=10~12, for lower
class tracks wiz= wig=12~16

wiz wia=Coefficient of curve resistance in kg/t of locomotive and that of trolley

respectively, for which application of ProToraPADAKIS’ formula

0.50-f (0.76+4 2 7y
ZA¢ }g/ 0.76'+A )~, where f denotes coefficient of friction in.

Wr=
kg/t between rail and wheel, A denotes wheel-base length in m, R de-

notes radius of curvature in m, is recommended, though it should
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be modified in some cases.

¢z, ¢e = coefficient relating to mass increase of locomotive and that of trolley
respectively, when rotating parts are taken into account.

a = acceleration in m/sec?

" _ (Total weight of trolleys in traln)
(Weight of locomotive)

2) Maximum gradient with regard to engine power :

a) For locomotive with mechanical power transmission arrangement,

SZmazx % =1 o 2:%9].277" (EWL+7’$2WG)J

b) For Iocomotlve with electric power transmission arrangement,

Szmaz %o lin L%O!Xﬁ— (ZW.L'I‘?Z'EWG)]

in which, N,= Motive power of engine in P.S. (metric H.P.)
V =Velocity of train in km/h
wr,we=Coefficients of resistance as mentioned above

L =Weight of locomotive in t

n =Ratio of weight of trolleys to that of locomotive as men-

tioned above

3) Maximum gradient with regard to brake force:
c-Vi?
Spmaz % = uk k1 +w;— ,)(L 7 )3 62
in which, « =Coefficient of friction of brake-block in kg/t
(Brake force in t)

o= pgroase [OTCCIn L)

(Weight of vehicle in t)

p — ___(Numbers of brake axle ) _
~ (Total numbers of wheel axle)

w; =Coefficient of running resistance in kg/t as mentioned above

¢ =Coefficient relating to mass increase as mentioned above
=Velocity of train in km/h at the moment when brake operation
begins
Lr=Allowable distance in m for reducing train velocity to zero
I/ =Distance in m over which train runs during a certain interval
of time which should be necessary to make brake force effective
after brake operation is started
In addition,an alphabetical list of authors and titles of literatures cited are

compiled (VI[).



