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The Study “of Characteristics of Starting Motors

for Diesel Engines

By Shinzo Sugiura
Taga Works, Hitachi, Ltd.

Abstract

The problem coming to the fore of late, is that of the improvement of the
characteristics of starting motor used in low temperature atmosphere.

Hitherto, the users have been satisfied with the motor which is capable of start-
ing the engine at the temperature ranging from —5°C to —~10°C, and when the tem-
perature is lower than the above range the user used to patch up with the situation
either by heating the lubrication oil by means of electric heater inserted in the oil
pan, or warming up the cylinder itself with warmed cooling water thus facilitating
the motor to start the engine. However, principally in the light of American
standard which asks for much higher level of characteristics than do the Japan’'s
standard in general, it has come to be a demand of the time that the motor could
bring the engine in perfect operation even at --15°C or 0°F, without resorting to
any speclal means, and this has made il necessary to study for the improvement of
all materials concerned to the starting such as condenser, lubrication oil, etc., let
alone the starting motor.

In this paper, the writer takes up Diesel engines as a main subject in discussing
the engine characteristics at the time of starting. He has tried to find suitable con-
ditions for starting by using a new measuring method, and discusses in the article
the fitness of a method, which seemed to be most appropriate, for the starting motor
and the condenser, through diagramatical comparison. In the end, he details the
performance characteristics of a starting motor which has fully satisfied such start-
ing conditions.

As the writer has placed the largest stress on the problem of the output of
starting motors, meshing mechanism of transmission gears used between motor and

engine could not be included this time.
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Fig.11. Characteristics of Starting Motor

T I %, RiC= vy v ORyNalfEE 2 F ol LT
BT, 2 S CIREHEISRCESR S S HAEREWIHEC DL
EIND

11 BTN T B s A4 2 R o EIEI BT T SAE
#20 Cix —12°C ¢ HIAHEITTRERBUC A 543, SAE 230
Cix —10.5°C THip@hitiskisv, Z4UR 230 f)‘iﬁkﬁfﬁ%
HENE\ DT, 208G, mEHeks X 5T 5
(T ADINE B A S OIRENE IR Tl Ui Bl
PEKIRENE BB OFTERE & L CERENDZDGm U D |
IVTeto s Z FUREBAY Tic\ b, AlD COInE it D 7 7 B R B W VA R 1 P A
BB AREINL A L A VI Ligh ST HAEEEE 00 il R

e o W

IREEEORIIAE—EThL D1 b B St %
AT AldiiimTFEEY LT P}Hiiku -:;:,m 1
DERECTT A RN SRS LR S N 5% . IS H—GE
&ﬁmﬁbfﬁvﬁ%ﬁm%ﬁ?um,@E@ﬁgb,

W E TIUENERAL O DVH B A A AU R 2 = N,
e B, RBCHEENMETTIEBRLEIT 205, = \ *y
Bl CIMERNRERZ E L Chb T EEET 0L |
WEBMA . B JISIT T B ARTRFE O 4t B 72 12K 4 % BN R
= (0 P I % 5 d® Fig.12. Four Quadrant Diagram
V) & & ¥ & AR OBEGECH L, = vy vidlilfiko LA & 3hic

‘rwﬂ(_Tﬂ;ﬁ:ifﬁL, SN RGBT RN S A% & T
vz (Ts) HRDT 5, 2 O RHNEFER OIRE)A]

C1) =i EK

= vy, BEEEE, LEMSOMGRAI BT
51 EI2BIC 0L 4 R ORRERFEH L
(A 8 — & K

(B) ; — %
Ti

- o ] = L - [

= v v L IREERERICEAR T AT, 2 L

BRI L CHRT AHSTh B, CO

B - —



F 4~—ﬂ.wiﬂﬁlﬂﬁg1hﬁ60+fH¥ﬁ

45 13 H T & ¥ K
Fig.13. Relation of Terminal Voltage
and Starting Characteristics

HE A R BCER D TEERE T2 ZREIC ALz & O CREE)
ﬁ@%@m¥ﬁﬁ&t5;?fﬁLﬂilﬁ ifizobe 4,
=ElleD,

(C) 8 = 4 K

H RO L R T, WEAWREETEED
BARTH %, WIME T 5O T EE KT
F 4
(D) & W % i©

IREN BRI D S 2 33T, BfflEieE by
@%fﬁfoﬁﬁWLﬂﬁérwfmTﬁﬁmﬁﬂ

%®? ﬁﬂ %i% LI XY H— T OMESAAE

C2)§§@ﬁﬂ@nﬁﬁ

SR LIRENEEN L —E & LE OB T REE (7
i) R Z TG DI R OB EIORI A ko 4
R EETFIHA L ORI DTH S, = D LTS
FE R ZBAE Licsy 12 FiEd 7S 2B (b3 5 {RE LIz 3 O
T, IR ESZDOIRERE BDNER LEF 2 e
DT DRER T, RhA7e % B2 1503 E
M CUX IR MRENAERIC 2 U ie WS B e B8 iz %
Z AN D, R UTeH BEE B DR AR 200
A-H FETHZ0 6, EiFmoRE, HELRIRE
RO TTANNS X2 TiE, RO Z Ik ¢ 7

G_h#%ﬁ%aLf®@%f,%huLiﬁ@E@
BOMHRZETE A Uit T iu e b,

511

=5

4%1\ ‘

\| + 24 ||
Vo
3 J000 | \ \ [| i
& k
= 2

A0 —

a0 —
|

| , | |
‘%:}w'__ : i s al

F14 5% ] E &) i i e
Fig. 14.

Characteristics of Starting Motor

(V) = EH o B %

RETEERI BN ER A2 L 52 L X h AnE
AEEES 0150 b REL D, L LETF
mf?ﬂéumkam WD By, W KA

EETNMERTH D, HIC = v 2 v OIERIE: A 4
{?ﬁ“uﬂ, % T AV AIEEL fgt:iﬂj%p—ﬁ%*éﬁ—f;tu]: 5 I
REEE O FEL D e U E e BT\,

BRI [E L EM, Fl—= v 2 vici 2 iaEH

#@ﬁU%ﬁ«t%ﬁf(lm&Q&M&—d5Ck{

CHEBIFY —12°C 2 pREETH B = LAV 5 . Hue —15

C TIRBhA BRI, Zh 6O EIECILARTATRE &
5



512 7 Fn 29 4E 2 H H SV AN A 36 % H2E

WEL, ERREmBIN G, ZOfR DS AT
(VD ) & B ©H . |
Oﬁﬁﬂ*fﬁbmwﬁubhb_}uﬁ@j‘(%pb;py—v://cj:z&:-_/
IRENVEERR C= v v AR S 585, fhnlisiz SVICEESLTWA EEZ b, EEERIIIREL
WCEETIWTEDICEBERERY R UBEI 25 T Licy ., BilndD BrieDTWB,
m<mbDEﬁ@ﬁF®U%ﬁfUMéﬂé%ﬁmﬁw

. o e
B CHABY A S0 L CEEEC R 5%, BB RED TS (Y haRNcERRORE
OSSR TRy EE R O BLEMRIC X FE14iC TLLlﬁLAE@%Tm—¢4CU$LK

T, RO URENERHSIIVEKRECILS, IE2TLD b ETRENREIC T B35, o NmENAZE T OBl % [l
ik, HREEEIRE B S B o0, HEHIIKERE Hiz i—WWlm%ﬁm7%me.Tﬁﬁfbém
] RN LA R B & FEMEICO]
‘ BB 12 0iC RO B 73
= ® ] i | Steh, b2k L Clii
e | 8E | [ ] ] BB EEL BB, ERIE
fIf) 5 gk z oA BT D
DA 1 W M S P B (% < STl Pt
(Z [HEEUI ST T T 5., 2O
AL KRERBED T OEE D
fE2E 2 ASERE s - R A
BT 5 &, TRENVEENRE DA
PEHASREE L e B L, #HPl
DB & fe > TH DDA kT
THDEFEZ Do
BISEIIE = v VT LD T
OB RELICT — X T, A
Bl A Mg T EERL 7o b D Th
5. 35T 5 L ERITLED
Ak Ul W AVE S AT BT
FIOK FF Ik D t5 fif] HY 2 1k 5. Z OFEHL T b RENREE] & [l
Fig.15. Change of Characteristics at Starting Time i, AIHLIEFEEROBEENLE
16O =v v b2k Tk
I, EETOD Te' CB5H, EHHIEE V2D
WTERETORS Ts £ h Ts' CEELICD, LD
o R RID (AR X hFEEOHER L I Z DGR
3 N B AT T 5., - OFER X D rER Rz 15
) L L5z ThHiEE%a 58 &Lﬁuﬁ Acix il ks
&f% SR A R R H D ATHERTH A Z LAV
. T - OB R—ERBELfIUD, FHRMLOME
gﬁﬂf,ﬁo%@%»ﬁiﬁhﬁ%%ﬁﬁ%é ZD
I3 AU RO ET X B E O BEIERFHRIC 3
epte O RENCITIEHN L e b, FERIIRFEOC
AT R 57 HIRBIOAIREM: N2 T2 % .

(V)

-

=

e
S
=
™

|
|

|

|

|

|

|

|

HEEELEN (rpm)

+ E

4=

t jﬂfj 500 ¢
1000 |
- 400

- T T
T2V HERE (rom

S

e
S5

doe
V474 R /4
- 60 600
dlr 1 rilr
- A0t 400 ¢
A S N

ar A

peEnEehiEN V7

e 2 .F

*

(VIID H BB E SO MKERE

e N et O RN —15°C I AT A RIIRATE 2 Tz
wloxm F #wm 8 o B B 3, HHICHREEHRLY T ENERINDS L 517D
Fig.16. Shift-Direction of Balancing Point 1-DT, ZhwiiiRT A BEEREA L EOPTSEREA X D

54 ——



N

4 — € fﬁ m ) ?E iﬁ ﬁ% D Ky M BF 5T 13

BT
il
)
{2
A
)
i
B 17 1) FHRIEERE &k (A) BEERIE
Fig.17. New Type Motor and Former
Type (A)
af LTRIE LT,
KxvovD —15"C I M Aip@hirEige s 7 —

L DR, HEIBEMCHE S % & b 7k 3.35kg-m [i]
fiz¥ux 960r.p.m. t7ch, HUCHOIX 4.45HP ti¢

Ho O N\ CHSEEATEREERIIEGETATRE & 7x 5 2 R BN E)
BEE LTIy = ﬁ/ﬂﬁﬁﬁq-~wun =D

R D, tREIAESIC & FirEIRIcw, T
u@mﬁfA%hh%@&LfﬁﬁwmlﬁﬁﬁP#_
W aRTiulis b,

FBI7TEIXZD X 51 LT i{{ T X TR RN O
NET, TEESEI D A2 KRELIgDT\ 5, BEED
HE T BB 4B O ATEEI DA CH D

FI18X T - OIRENEEIREOIREIMREXI €, R &
FVAGR D A2 r LT\ 7o, MY 5 701

TR USRI T Lz, S DORCHHB e in £ Ak g o
T RKEINEIRE L, TMEENZ#EEL T50, 15
BRAMOED T= v 2 VIIRRA NI L ER L T % L &
IRENVE RS LI R I L Tuieus . — o, B E)
FEIE N s OaVEIRCS INT A IREIERE L v, KA
B H b B AW 100 A 72Dy hs BETRERD, HREVEEEED
fRHEL D A THHTHS Z LavH 5

X %

il

DB IO TRB RS ORMEL, 1L L5 —x
Ny v il UCHRET L, FofEahit:, L5,
EETHOZEY T LI, LB EL Y = v v
DURENEREZ I H 22 LT, HREEERE D B+ N ¥ &
A ked, BREH YLD X ERENRE A 5 0E L OlgEn s
INICRES IR T F O\l 2 AR LT,

L@mﬁﬁttﬁ@ﬁﬂﬁﬁﬁﬁﬂﬁbﬁ,ivﬁv

4 U)Uil I ﬁqL Tl H v ¥ R e i)ll-_*fﬂ“:[ill_/[’i
%o

AL X2 TR R & TLRIRT N 2 IEE i
@bwﬁ&i%7'&%mﬁtﬁ fthd = v & I EE

FICAKR O JRZET s v 2 2T 5 = L IxHEC 5
S L LgHigh4% 80~859% FLEEIC{iEL (v =+
VeV VTFY—-OENFHRIIRE L O = v v L [FRE
ThH5H) 0°C KU e 20°C Mz D b+ v 27 A3k, WIiCks
BEDYEMN A BEICANTHIEE v 2 % BANT 2 - 22T
HEThHDH, CHBICHE UXHICHFSE 2 ) 255 Ch
5.
AU S Io D TR © FIB iR A, TS
ifrTZERT LB i, HSr YRS S T80 H 4 1ok
Kl HEMERN #3211, & NIJEL B S2E T 5K

EBHThD
== TE;’T{{[_'LH: ‘E% (1) _“fﬁ‘: m“]': EtEEii i‘%: ?%m//i‘j‘”. ik
+ | 2
AT M%Wﬁ%%% %2 % (W 27)

B I N = - (2) W. Rixman: H. J. Courad

V.D.1. 31/VIII/1940
(3) Triebnigg: A.T.Z.
1937
T 4D m R R o i
k{L,f (9) BEAMA: ABERMTEE 6N
|y s R (g 27)
\ i (6) I vHEH15 &

10/V1/

|
i
_1
|

| J | |
/B /N
EH &n 2 crom) =M (A)

77, 200 w) o .

F£18K FH B T D M

I/

Fig.18. Starting Ability of New Type Motor
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