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The Frictional Torque of the Watthour Meter Register

By Shinsuke Munakata and Keiichi Nakamura
Taga Works, Hitachi, Ltd.

Abstract

The watthour Meter needs to possess high accuracy and retain it through
its long period of service. There are many causes which affect the durability
and efficiency of the watthour Meter, and among them the change of the fric-
tional torque in the part of register and bearings is most frequently encounte-
red. Despite of this fact, very few analitical measurement seems to have been
attempted for this frictional torque. The writers analyzed the friction in the
part of register and other structural parts using a new frictional torque meas-
uring device, figuring out the friction under actual working condition.

The frictional torque in the register reaches 55% of the total frictional
torque produced at the rotating structural parts. In the cyclometer type re-
gister, the frictional torque increases suddenly when the digit wheel starts to
rotate, and the value becomes several times greater than that in normal con-
dition in proportion to the number of change figures. The frictional torque of
the register changes depending on the total gear ratio: when the total gear
ratio i1s more than 2,000, it remains almost constant but increases approximately
in inverse ratio to the gear ratio if it is less than 2,000. The friction of the
register of the old meter is 1.5 to 2 times that of a new one.

As can be understood from the above, the selection of the lubricating oil
for the reduction of frictional torque takes on highly important meaning. Al-
though common chronometer oil is used in some products, they are failing to
fulfil the purpose rightly, because of substantial differences lying between the
watch and the watthour Meter. In this article, the property of lubricating oil
sultable for the watthour Meter use is also described.
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Diagram of Apparatus for Investi-
gating the Frictional Torque of Watt-
hour Meter Register
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Table 1. Frictional Torque at the Bearing
Parts of Rotor Shaft
m o mEE R B R B BB D
| (g-cm) (g-cm)
S N ‘ 0.0026 l. 0.0022
B oA~ 0.0016 | 0.0012
|

ooy fE 0. 0020 0.0018

02 U oa—akU g — iAo R
iz 7 ) A
Frictional Torque between the

Worm and Wormwheel
e ——————
D e E e S B B B OELE D

Table 2.

| (g-cm) (g-cm)
fir K fili 0.0018 0.0015
i e & 0.0014 0.0010
N ¥ A 0.0016 0.0013
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Table 3. Frictional Torque all Over the
Rotating Mechanism
B oIk BE PR E iR D 7 e S C) N A
(g-cm) | (g-cm)
e A 0.0066 0.0050
B A M 0.0033 | 0.0030
S S 0.0045 | 0.0039
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Table 4. Distribution of Frictional Torque
(Measured Values and Rate for the

Total Value)
.

| WEREERS B R
Sl B P T P e S

(g-cm) (%

- (g cm) (%)

K RO 8 0.0020 45 0.0018 16
i ovA—nlva— o , ,
e — e i

b R4 B 0.0009 20 0.0008 20

a 2t 0.0045 100 0.0039 100
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Table 5. Frictional Torque of New Register
» o __g._i_ ﬁ 1@ Iﬁﬂ' rL_ 'ﬁﬁ (g ‘Cm)
X o 3 R Hg ( —cm)
g %ﬁ%ﬁ?&hp%%@?&b
| 500 0.045 0.089 0.065
| 1, 200 0.039 0.053 0.048
B 3 1
2,000 0.037 0.043 0.034
4,000 0.034 0.035 0.028
| | | -
15 ¢ %Y 1 200 0. 020 0.020

0.030 |
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Table 6.

b o B B T
Frictional Torque of Qld Register

Ig,{a%iux@mgjmj{m FIEEEIEREEE D EIEEE S BEEY

(g-cm) (g- cm) )

= AR W-8 0.160 0. 060~0. 100 2
Xt & lﬂig } 480  0.142~0.220 | 0.010~0.200 2
¥=A»2 D9 1,250 0.060~0.080  0.062~0.080 4
5 > F = CE 2,400 0.031~0.034  0.024~0.030 2
7 v 7 2 CE 4,800 0.014~0.016  0.014~0.018 2
7> F A CB 5000 0.677~0.086  0.050~0.060 2
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Fig.7. Cyclometer Type Register
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Register o g3
MEEHE B0 Lz " 5 B s = __'_?,{f!}{.’
| (gcm) | (FB] fiﬁw o | & g ?ﬁw ‘ | 7T
| - L - : P 3o 4

| | _
500 0.065 0.100 0.192 0.270  0.365 werdEed b U ek
1,200 0.048 | 0.078 | 0.098 0.135 = 0.180 — s : i .
| | W8 HIEBIGFFEE A o o didd v L o EEPR
2,000 | 0.034 | 0.048 | 0.070 0.084 0.090 i
| | [} iz 7
4 .02 .043 0. 055 0. 065 0.076 .. Lot .
i | kAL 1 W £ ' o Fig.8. Frictional Torques at the Point of
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Table 8. Frictional Torque at Digit Wheel Advancing in Old
Watthour Meter
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iy # & W Vs g em) == P e -
1 &y B 2fE§E0 L0 &Y LD 4 {HRD L

> = A ¥ A W-8 375 0. 080 0.250 0.370 0. 620 0.840
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& = A » & D-9 1,250 0.070 0.101 0.180 0.195 0.250
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5 » # = CE 4, 800 0.016 0.016 0.032 0.039 0.042
5 » F CB 5,000 0.055 0.055 0.141 0.160 | —
5 » # =z CB 6, 000 0.075 0.075 0.100 0.200 —
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O: TR XYEPIEENR
9 o EREBDDEREGETA ()
A D P %—f,? X 100(%)
100 60— ,

TS

/7 )\

or 02 03 04 05 08 07 08
HEHMTCILEEORY (mm)

44

i
=

K R IREEO Y £ £ Y didlc 3
H: 771 o BE R

Fig.12. Relation between Gear Distance
and Force Towards Pinion Shaft

vk v hs, SEREE l'#”"ll{l’*'J iz W T L ZONEK EHEE

SIS L ORI B 4, kR oo R RR AT 0 5

s WEHOME S LMD, S5 IZHTITOMEEIC
L0 BB 220Gk U o 5% T BaR BT TG
TR [t‘li“f” f
ekt LSl deh
( ) FM= ﬁ%*&ﬂ@ﬁ@lﬁﬁxﬁ
il 3R ORI ) O p iy (1) TRbEI %28
ETEERITONT

B2~ X xapdiltlt 2,000 o Bl

il Ly iil["_}jjf::?)1¢/]'15‘|-c)J1)EJ|J, i A UF e

I

'\.

‘b

L Vel

—

.ﬁ

— 126 —



ﬁ)ﬁ:% 111_‘ Hi%%%

4 9 F FHEEE Ko BEREE 155 A o

Table 9. Distributions of Frictional Torques
in Cyclometer Type Register
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X _{’}' ( Cm) = ]
£ W I BE AN ) ) R TR
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Example of Variation of Fric-
tional Coefficient of Chrono-
meter Oil
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Frictional Coefficients of Some
Chronometer Qils
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Table 12. Examples of Some Chronometer
Oil Characters
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Table 13. Results of Stability Test of
Some Chronometer Oils
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Table 14. Some Examples of Contact Angle
of Chronometer QOil for Metal

Surface
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Compensating Lead Wire for Thermo-Couple
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Table 1. Classification of Compensating
Lead Wire for Thermo-Couple
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