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Summary

Bovine mastitis is the most economically important dairy cow disease. Given that mastitis can be
caused by a variety of factors, numerous potential causes need to be considered and mitigation
measures need to be implemented. In particular, milking systems come into direct contact with the
teat canal and many of the factors that affect the incidence and infection of mastitis in milking cows
are directly related to these systems. Indeed, the presence of mastitis-causing pathogens combined
with the poor performance of milking systems are considered to be the most important factors
affecting the incidence of mastitis. This study introduces a novel method for assessing milking
machine performance using a flow-simulated milking device.

In Chapter 1, the optimal milking machine performance was inferred based on the analysis of
milking data collected on three dairy farms; one employed a robotic milking system and milked the
cows about 2-4 times/day, and the other two farms milked their cows twice and three times a day.
Analysis of milking data revealed that the maximum milking cow performance, i.e., peak milk yield,
exceeded 8.0 kg/min and milking time was completed in 6-7 min. These findings appear to be suitable
for use as benchmarks for milking system performance.

In Chapter 2, the problems associated with milking system performance were analyzed based on
observations and dry tests conducted at 190 dairy farms in Japan. In particular, this chapter focused
on initial installation problems and maintenance problems. Initial installation problems occurred
within one year of installation, and it was found that inspections at the time of milking system
installation were not carried out. To address maintenance issues, periodic inspections of the milking
system should be undertaken using methods that consider the milking system operating time, not just

inspections conducted on an annual basis.



In Chapter 3, an analysis of factors affecting milking system performance was performed using a
flow-simulated milking device. It was revealed that problems with vacuum loss due to milk tube
length, tube diameter, tube lift, milk-meter and vacuum-cutting device could not be clarified using
conventional milking system evaluation test methods.

In Chapter 4, changes in the factors affecting milking system performance were analyzed using a
flow-simulated milking device. The findings showed that these factors changed as the flow rate
increased. At a maximum flow rate of 8.7 kg/min that simulates high milk yield, differences in claw
types and vacuum-cutting devices affected milking system performance.

In Chapter 3, differences in the performance of different milking system configurations and different
system manufacturers were clarified or inferred. Of the different milking system configurations
examined, rotary parlors had the highest milking performance, and no significant difference was
observed in the equipment produced by different system manufacturers. It was speculated that the
differences observed in milking performance could be attributed to differences among installation
specifications and the degree of freedom permitted for the different milking devices and locations at
the time of installation.

In Chapter 6, in addition to the milking system evaluation tests conducted at a commercial dairy farm,
milking performance tests using a flow-simulated milking device were also conducted. By using a
flow-simulated milking device, it was possible to visualize and compare differences in milking
system performance that could not be detected by standard milking system evaluation tests. In
addition, using the flow-simulated test format made it easier for dairy farmers to understand the
dynamics of milking system performance. When milking system improvements were implemented
based on the results of the flow simulation tests, the milk yield increased and somatic cell counts were
reduced in the herd. The new milking system performance tests using the flow-simulated milking

device showed the potential for assessing milking performance based on flow rate, reducing the risk



of mastitis attributed to abnormal claw vacuums and improving dairy farm economics at the same
time.

When assessing milking system performance, it is advantageous to measure the efficacy of milking
systems using a high flow rate in order to reduce mastitis risk due to improper claw vacuums. To
reduce the risk of mastitis in the future, it is important to ensure that the performance of the milking
system exceeds the maximum milking cow performance. It also became possible to compare the
current milking system performance and the modelled milking system performance before
implementing any improvements using visualizations. Milking system performance tests (i.e., flow
simulation tests) are a novel and important method for comprehensively assessing genetic milking
cow performance.

To prevent mastitis associated with milking systems, flow simulator tests need to be incorporated
into milking system evaluation tests at the time of initial installation as well as during regular
inspections. It is important to ensure that the frequency of periodic milking system evaluation tests,
which are based on the uptime of the milking system, are the same as the timing estimated by the
flow simulation tests.

It was demonstrated that the assessment of milking system performance using a flow-simulated
milking device is a novel and potentially powerful milking-system diagnostic method that

facilitates cow’s genetic milking performance and reduces the risk of mastitis.
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A AE BT 55:45, &M 60:40), M B L R & 60:40,70:30 (47 H
G SSEHICERELC, ZJue—RWNEZ2ERECHKR LEZ, .
AW AFNE —F®HEAL G (M4 MmB % 55 =, A@k=x
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fEm N R o (K-14),
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Z DR NN ATAGE *: Chi-squared test
ZFS8 AREBFEANICIIVEDABRBFEORERD S
(EREGEHEBEBREY
NAFAVDRT s A—ZA4VVRT L
= 1995-1999 2000-2004 2005-2009 2010-2015 . 1995-1999 2000-2004 2005-2009 2010-2015 .
RES 0=3)  (=11) (=9 (=p © B (=18)  (n=43)  (n=36) (n=15) © M
WAL SORIES%)
BEXRERE 14(452) 3(27.3) 4(444) 3(429) 0.864 9(500) 18(41.9) 16(44.4) 4(26.7) 0.281
SNVEREEE 8(25.8) 7(63.6) 4(444) 5(71.4) <0.05 1(5.6) 6 (14.0) 4(11.1) 1(6.7) 0.962
NXa1—LKRITDER 7(226) 2(182) 2(222) 3(429) 0.402 1(5.6) 5(11.6) 11(306) 2(13.3) 0.106
SRERSEIE 12(38.7) 6 (545) 6(66.7) 3(429) 0.361 9 (50.0) 8 (18.6) 16 (44.4) 15(100.0) <0.01
nNiLt—42—pEE 2 (6.5) 0 1(11.1) 2 (28.6) 0.108 2(11.1) 9(209) 10(27.8) 3(20.0) 0.349
HE o=y EEE 2 (6.5) 0 2(222) 1(14.3) 0.241 9(50.0) 23(535) 13(36.1) 6 (40.0) 0.192
Z 04 0 0 1(11.1) 0 0.285 4(22.2) 0 4(11.1) 2(13.3) 0.917
&5t 45 18 20 17 35 69 74 33
HEEETRICEISMES%
EXRERE 0 0 0 0 NT 0 0 0 0 NT
SVEREEE 8 (25.8) 3(273) 2(222) 4(57.1) 0.243 6 (33.3) 6(140) 11(306) 5(33.3) 0.474
NExa1—LRVTDEEHN 4(129) 1(9.1) 0 0 0.149 1(5.6) 4(9.3) 0 1(6.7) 0.470
SRR 1(3.2) 2(18.2) 4 (44.4) 6 (85.7) <0.01 1(5.6) 10(23.3) 15(41.7) 5(33.3) <0.05
R"ItE—42—EE 11(355) 4(364) 3(33.3) 1(14.3) 0.379 5(27.8) 7(163) 13(36.1) 10(66.7) <0.01
o=y rEE 1(3.2) 2(18.2) 3(33.3) 4 (57.1) <0.01 8 (444) 22(51.2) 24(66.7) 13(86.7) <0.01
04 0 0 2(22.2) 1(14.3) <0.05 0 0 0 0 NT
&5t 25 12 14 16 21 49 63 34

T O : NI YRTARE

.88.

**: Fisher's exact test. NT, not tested.



ATLEANCORBERICIIBMERDOS
(REHHLEEERSY

St
o
=
e
\'l

NATZADRT L A—ZA4 VY RAT L
I . <1 1-5 6-10 11-27 N <1 1-5 6-10 11-27 N
REROBBEH (L) =13 =) =12 P 020 (88 (ne30)  (he20) P T
BALPHISDORIEAG)
BEXEERE 2(182) 7(538) 3(429) 5(41.7)  0.401 8(400) 16(47.1) 13(43.3) 6(300)  0.469
SLYEERE 0 4(308) 3(429) 10(83.3) <001 0 3(88) 4(133) 2(100)  0.204
RE¥1—LIRTDER 0 1(7.7)  4(571) 6(500) <0.01 7(350) 6(176) 4(133) 2(100)  <0.05
HESREE 3(273) 6(462) 4(57.1) 11(91.7)  <0.01 7(350) 12(353) 17(56.7) 11(55.0) 0.066
R"te—4—BEE 2(182) 1(1.D) 0 2(16.7)  0.893 6(300) 3(88) 10(33.3) 2(100) 0612
=y EEE 1(9.1) 1(1.1) 0 2(16.7)  0.602 9(45.0) 18(52.9) 9(300) 12(60.0) 0.857
0t 0 1(1.7) 0 0 0.682 3(150) 3(88) 3(100) 1(5.0) 0.355
&a&t 8 21 14 36 40 61 63 36
#HEEETRICETSMESA®
BErRERE 0 0 0 0 NT 0 0 0 0 NT
SLYEERE 6(545) 2(154) 1(143) 5(41.7)  0.668 2(100) 7(206) 12(400) 6(300) <0.05
NRE¥a1—LROTDEEN 0 0 1(143) 0 0.637 0 1(29) 4(133) 1(50) 0.194
HESREE 1(9.1) 1(2.7)  1(143) 8(66.7)  <0.01 0 9(265) 7(233) 11(550) <0.01
Rte—4—BEE 0 3(231) 3(429) 5(41.7) <005 0 10(29.4) 14(46.7) 10(50.0) <0.01
A=y EE 4(36.4) 0 1(143) 3(250)  0.806 3(150) 23(67.6) 19(63.3) 18(900) <0.01
D1 0 1(7.) 1(143)  1(83) 0.403 0 0 0 0 NT
&ait 11 7 8 22 5 50 56 46
ZF 04 Nr9bATARE *: Chi-squared test for trend in proportions.

FRFBE: NA5M4> 158,0—51> 88

Jenny Lynn Flow Simulator
(Rocky Ridge Dairy Consulting, Hazel Green, W1, USA)
— —=

Triscan, Westfaria Surge
(Babson Bros. Co., Naperville, IL, USA)

EHHZE, RRFABE0BERTRARBHNRELTHS, REEMELRSE C2HTAEL -,

B -7. % K

ﬂ,‘!ILI

REBELRZEAEEXE
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Z-10. WM ERLEREERE
B /}4?4> l:|—5_4> ABRFERE (kg/F)
SRT L AT L 1.9
=) =

i fﬁ%‘?p&/u —SA B E ) v v >
NINIF1—TDOES v v >7
#BELIF1—JERYBAOORE v v 76
# F1—J OEBROLS (EE /KT v v il
#HBINIF1—TDYILES - v
#6 JO0—DI(TEY L T5— - v
#HIBEEOHDRAZEAILITT7 W -7 ) v -
#/LE—42 —DEIF EHEOHRE - v

50.0
48.0
46.0
440
< 420
H 400
é 38.0
36.0
34.0
32.0
30.0

AHRIIBEDELDBRERDBLGEALATLEFERALT AL ICiThhi=,

- N{Z42(O0%16mm) —— NS (O &16mm) a—>4(0%16mm)

- 0—54(0%22mm) -+ HEZ2HH(OF16mm)
— \\ . N T\%@@
| 3 = : l, : \i<‘.
T NMCO#tR -/ O0—RAEEHH (35-42 kPa)
i FLETYY—SAR RS AHE

T T T T T T T 1

0.0 1.0 20 3.0 40 6.0 70 8.0 9.0

& (kg/5)

H-8. ZBEALVATLODEEEZEETIL



HO—KIE(kPa)

Y 0—MAE (kPa)

~+—248cm -m-288cm 328cm —=<317cm(ATO) ——200cm  -@-250cm 300cm

50.0 500 -
480 480 A
46.0 460 A
440 440 A
©
420 L 420
H
40.0 g 400
38.0 EI[ 38.0
IS
36.0 36.0
340 340
320 320 A
30.0 T T T T T T T T " 30.0 T T T T T T T T y
00 10 20 30 40 50 60 70 80 90 00 10 20 30 40 50 60 70 80 90
e (kgl/g3) J— e (kg
NAFAVIVART A O—54 Y3 RT LA

-9 =S ALY9Fa—T0RSIZCEDI70—REDEWN

—— ¢ 16mm @ 16mmFTyh—{F ¢ 14mm =< $22mm @®18mm - @ 16mm =*= ¢ 14mm
50.0 500 -
450 450 A
—
gy
w
400 % 400 -
H
g
350 ,_11 350
o
300 300 A
250 T T T T T T T T " 250 . r r r r T T T "
00 10 20 30 40 50 60 70 80 90 00 10 20 30 40 50 60 70 80 90
iz (kg/5) ez (kg/s)
NSAVSRT I O—S54YYRT A (prag

H-10. 0B ERYAORIZCESIVD—AEDEL

-91.



Y 0—RIE (kPa)

0—RHIE (kPa)

46.0

440

»
N
(=}

o
o
o

w
g
=]

w
(-4
=]

340

320

30.0 T T T T T T T T |
0.0 1.0 20 3.0 40 5.0 6.0 7.0 8.0 9.0

TR (kg/%)
A—34YYRAT A E&LOEARALINIFa1—TTHER

KFEHR

B-11.Fa—TJo0RBBOLKAICLES V7D —HNEODEW

420
400 -

380 A

w
(g
o

340 A

320 A

30.0

0.0 1.0 20 3.0 40 5.0 6.0 7.0 8.0 9.0 )7hE&E60cm

i (kg/53) SR (4 O E16mmEE S SmOFLINIF 21— T TRIE
O—54YYAT A

B-12. V7 8—HE~ANDI LI Fa—TIUVIILOEE
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40—RIE (kPa)

- o J5—fthyI 70— - Yo J5—E\NyTon—

500 -
& H4UF5—RrATO— * YoIF5—ERrLT0—

450 ;

400 -

300 A
250 A
200 A

150 A

100 T T T T T T T T ]
0.0 1.0 20 3.0 4.0 5.0 6.0 70 8.0 9.0

TR (kg/9)

ARrL7O—RHO—
M-13. 9 0—48 A4 TEINIYHUTS—DHFEIZE D
JA—RE~DORE

50.0
480 - ~#-ER660 ~-~-ER460 —=—FER 165
460 -
< 440 -

i 420 A

o0—MR

380 -

36.0

340 A

320 T T T T T
0.0 10 20 3.0 40 5.0 6.0 7.0 8.0 9.0

= ke/H
ER : Effective Reserve BB &
HAEBREER MY IWIF1—-7K:300cm OF:16mm 3ILI74YE :180cm
Nbt—4—-LE3E:60:40 HEH[EIE:60

H-4EZ0ANEEXZELIZLEDSZ 70 —AEDE L
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Z-11.90—RNEIZHT I ILtt—4—AEEHELELDEE
(AL F air {8 55:45 % {8l 60:40)

RE (ke/%)
HEEHK 0 1.9 3.8 5.7 7.6 8.7
50 41.3 40.7 38.3 36.0 33.3 31.3
55 41.3 40.3 38.3 36.0 33.0 31.3
60 41.3 40.3 38.3 36.0 33.0 31.0
65 41.3 40.3 38.3 35.7 33.0 31.3
70 41.3 40.3 38.3 35.7 33.0 31.0

Bi{iI : kPa

HO0—RAEIZHTEILE—4— R EORE
(9 Eh[E1#550E])

RE ke/P

e E 0 1.9 3.8 5.7 7.6 8.7

60:40 42.7 42.0 41.7 41.7 41.3 41.3
70:30 42.7 42.0 41.7 41.7 41.3 41.3

Bi{7:kPa

%-12. 7 0—RHNEICHT AR ILE—4—agAX DO E
(IS mE$FBLS5ME AEELFERH 60:40)

RE (kg/9)
Z2eAHK 0 1.9 3.8 5.7 7.6 8.7

XEAR 42.3 40.7 39.7 38.3 36.7 35.7
—ZFHAK 423 41.3 39.9 38.9 37.6 36.6

B kPa
Z28A5K Y 0—RNEZENE(kPa)
ZTHARK 4.0 4.4 4.4 4.0 4.4
—ggjﬁiﬁ 6.3 8.0 9.3 10.3 10.6

Bifif:kPa

-94.



K- EHREILEEZAVERKEROKER (n=73)

RE I-RENESELE=-EHEBE %)
(kg/%) EEZE =350kPa  ZEE)IF =7.0kPa

MASHELEERERED)

5.7 55(75.3) 31(42.5) 26(35.6)
1.6 36(49.3) 28(38.4) 19(26.0)
8.7 26(39.7) 30(41.1) 16(21.9)

R-ARBRBELEEZRAVESEEOEZEETOER (n=73)

E FiE8. TkgkFIZ2kPall EIE TFLI-E#HLBIE%

IWIF1-7T DRSS 16(21.9)
IGF1-7 AR 5(6.9)

IV)Fa-7" DY) IR 26(35.6)
HEXEEREE 33(45.2)
by7°70-Hn- 26(35.6)
IV F—4—AET 18(34.6)
IV A-4-HEHFa-7 36(69.2)

T & &S26

R-SB5EXZEBETIVRISHFEBOEILZHKHIZCE TS PIET

00— REOEHESE (= 35.0kPa)

a2 =

(kg/5) IYF1-TDRSE IF1-7'Of IWF1-7 DY BEEEEREE b770-B90- W40 VAR IV A-5-BEER
5.7 0.06 0.09 0.41 0.17 0.17 1.0 <0.01 0.03
7.6 0.16 0.36 0.47 0.02 <0.01 1.0 0.06 0.25
8.7 0.08 0.15 0.62 <0.01 <0.01 0.6 <0.01 0.15

I 0—RNEDEEE(<7.0kPa)

W -3

(kg/%) IF1-TDRE WHF1-7OF WIF1-7 0OV BEEEEREE b770-BI0- WAL IWr--KK I A-4-EER
5.7 0.4 0.07 0.46 0.35 0.34 0.61 0.18 0.16
7.6 0.57 0.64 0.14 0.81 0.02 0.79 0.16 0.23
8.7 0.78 0.64 0.62 1.0 0.08 0.29 0.27 0.48

TFisher's Exact test

.95.



K-160FZREROEY IO —AEEHEROAO AT 4 v I H
& 5 HT %5 B (2 35. 0kPa)

z R HEGYS)  AvRH e EEER b
5.7 467 1.140 1910 0.03%
WP TOES 7.6 2.76 0.775 9.83  0.12
8.7 4.42 0.907 21.60  0.07
5.7 4.45 0.477 4140 0.19
IF-7 o0& 1.6 - - - -
8.7 <0.01 0.000 Inf_ 0.99
5.7 1.83 0.469 711 0.39
HEEEEE 7.6 2.36 0.775 717 0.3
8.7 6.46 1.660 2520 0.01%
5.7 1.37 0.364 518 0.64
o7 705090 7.6 3.41 1.120 1040 0.03*
8.7 5.28 1.130 2470 0.03%
5.7 2.54 0.581 1110 0.22
N9 -5 bk 7.6 1.70 0.409 711 0.46
8.7 2.74 0.390 19.20  0.31
5.7 2.57 0.606 10.90  0.20
WY I-5-DRR 7.6 1.21 0.385 381 0.74
8.7 0.98 0.263 3.67  0.98
*PX0.05

.96.



-1l FHREFKOIO-—REEHREROOCSRAT v/ EIE
SR (27.0kPa)

= FEGe/s)  AvXL — B - Pl
5.7 <0.01 0 Inf 0.99
IVIFI-TORSE 7.6 NT NT NT NT
8.7 NT NT NT NT
5.7 NT NT NT NT
k7 on—EHn— 1.6 0.24 0.072 0.787 0.02x%
8.7 0.39 0.134 1.14 0.09
5.7 NT NT NT NT
IV A-5-T50 7.6 NT NT NT NT
8.7 0.55 1.181 1.67 0.29
5.7 0.56 0.151 2.1 0.39
IV A-S-HE 7.6 0.42 0.094 1.85 0.25
8.7 0.64 0.185 2.24 0.49
5.7 0.66 0.225 1.94 0.45
IVYA--DER 7.6 0.99 0.306 3.23 0.99
8.7 NT NT NT NT
*P<0.05 NT: Not Tested

.97.



50.0

45.0

40.0

w
o
=)

w
I

- 0—MAIE (kPa)
o

25.0

50.0

45.0

40.0

9 0—MRE (kPa)

25.0

20.0

w
bl
=}

W
=3
=}

NIUWN=5— 258

0.0 3.8 5.7 7.6 8.7

TR (ke/5)

1.9

o-4)-nN"-5-9 &

— e

NMCHE S §5

0.0 3.8 7.6

R (kg/53)

1.9 5.7

8.7

50.0

AYY R -UN-5— 368

Y 0—RIE (kPa)

20.0
0.0

50.0

45.0

3.8 5.7 7.6 8.7

i (kes)

1.9

47 hN-5-5 &

 —

40.0

35.0

30.0

Y0 —RIE (kPa)

25.0

—

NMC #EFHEHE

20.0

0.

5.7 7.6 8.7

(kg/53)

0 1.9 3.8

bl
Fo

FHBREIZTAhThOREROTFYIO—NEETT

H-1. EHREIEEZRAV-EIMEZHBEOEERERD
Yy /O —RNEBH
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B-16. S LF VT NR—5—ROI/D—RNELEBHEDS A

>=14kPa <14kPa <{7kPa
100% A 0%
90% - 24% san 20%
80% 1 44%
70% -
60% -
4o 1 44%
o 50% 60%
40% A 53%
30% - 56%
20% -
32%
0, -
10% 14% 20%
0%
NIV —5— IV S B o—4)—-nN"-5— 497 hN—5—
258 36H 9& 58

<7kPa, <14kPa,>=14kPa: =X B EZ[F -8.7ke N EFDII-NE x2 BRE:A)YHF -V VS 0—4Y—- /X0.05
NMC # 2 &iB <7TkPa=42-35kPa (0—71Y)

.99.



480

4~0—KE (kPa)

.

—

NMC #5248

HE A&t AN=17)

S
==

480

440
< 400
360

5.7 7.6

& kg/ 5

1.9 3.8

8.7

N‘% *i C(n=6)

320

280

Y 8—MRIE (kP

240

200

NMC HE2E 5B

0.0

480
440
400
360

320

Y 0—MRE (kPa)

280

240

200

E
]
o o

H0—NFE (kPa)
8 & 3
o o o

N
P
=]

N
=3
=]

H-17T BEHRELZEEZRA L

5.7
W keg/5

1.9 3.8

BAKHE (n=5)

NMC H#RH

38 57 716

RE kg/s

e ’_ﬁl]}%‘}iG(n:S)

8.7

NMC H#§H

0.0

1.9 38 5.7 76
RE kg/5

8.7

480
440

~O—KIE (kPa)
N N w w o
2 2 8 & 3
o o o o (=]

n
o
=)

=

o

—0—RJE (kPa)

A-GIREALRHERL. T TN ThOREROTFHI-NEERT,

B A L4 B(n=10)

NMC #E2Z 560

3.8 5.7 7.6 8.7

i kg/5

1.9

H A& D(n=7)

NMC HE3EEE

1.9 7.6 8.7

38 5.7 16 8.7

RE kg5

EILIMREZHFEOEASHINOF
MOy —RNEBER(O—F Y —NR—-3F—%FK<)

- 100 -



>=14kPa <14kPa <7kPa

100% - 0% 0%
90% -
’ 20% 30% 29%
80% -
o 50%
60% 60% |
60% -
4a
& 50% 1 41% 40%
40% -
71%
30% -
20% ik 40% 40%
29% 30% 33%
10% -
0% % % %
A B c D E F G
178 1086 68 78 58 58 3&
SHADBRELR P

ADDG: BARHEBREERETT
<7kPa, <14kPa,>=14kPa: =X EHZ K - fi £8.7Tke FDYVO—ANE
NMC ¥t 2 B8 <7kPa=42-35kPa (01—71)

H-18. EA@ANDOIO0—RNEZLEIEOD LR

R-BEFENILFUVINRN-—5—OEBEAINENELXDEA

~ L A E -y —5— NILN—5— o—4Y-n"—5— 47 hv—75— a5t
ENRROBR \ "Bt — Ba) AR BE%) AR RS%)  fFH RWE%) R A% P {E*

IWHF1-T DEE 9 250 5 200 1 1.1 2 400 17 22.7 0.657
WHF1-T HOF 5 139 0 00 O© 00 0 00 5 6.7 0.160
9F1-7 DY+ 11 306 7 280 5 556 2 400 25 333 0.479
IWYA-9-D B 10 278 7 280 1 1.1 1 200 19 25.3 0.816
HEFERES 18 500° 10 400 0 00> 4 80.0° 32 427 <0.01
II-4-DRE 18 500 13 520 4 444 1 200 36 480 0.654
In-D (b7 70-E) 20 556 6 240 2 222 0 00 28 373 0.013
I T W -T BOF R 4 117 1 40° 4 444 4 8004 13 173 <0.01
—ZEBN V-4 0 00 1 40 0 00 2 400 3 40 <0.01
B/ AHAR 95 36 50 25 17 9 16 5 178 75

*Fisher #5€ & Bonferroni #5€ ab:P<0.05 c¢d:P<0.01
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R-19. FHBHEEALSCATLOETLGHER

h-mRDER EH BULILEVTVRTA FLLILEVTVATA
EEYATA 8YYI NARIVY N=F— (MF1Y) S8EEA T IL (O-31Y)
SLYEE 34UFVUTNERE 3{UFN-TERE
BRA®K REZDOELE NSUREVHE HY=5)—r5vT D LA
SYFI-7ORSEOR @16mm 376cm ©16mm:170cm ©25mm:45cm
IWEEBEDOLE AM-LHSDES) +183cm —97cm
BREEZEE 48kPa 44kPa
EHRAEB@ILITIV-TE) 45.7CFM 87.0CFM
RLRS R NhE-4-KT RERE BRZERE) EEEE
NE1-LE VT DEER 50kPa 1768L/% (REHIETF) 50kPa 2476L/%
Jn-NIERR O NMIAVERULER A-34vD KR
BhRE AR 4=y 7 DIEE E4A DIz
19H-YDEILE 2-4kg/%> 3-4kg/%
50 —JTEDEEIYATA —BR 95—
—k EXEENEE —Nrybivh-
48
\
46 ——
~ 44 T
n“j —
= 42
H 40 _ 9.0kPa
o 36 e
34 | NMC # S i
32
30
28
26
0 1.9 3.8 5.7 7.6 8.7
FE (ke/%) SEDHEIYATATIL 8. Tke B LB FAETH 1=
H-19. B(RBAEIEL AT LD
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4n-NIE (kPa)

Hn-AREZEENE(KPa)

50
48 —REERBROTOVATL —HLLWATA
46 — R EERBRONTYMII-

“ I———

42
40 4%

38 6.7kPa
36

34 N
5 | NMC # R i

8.0kF a
28

26 AN
0 1.9 3.8 5.7 7.6 8.7

E (ke/5) FEDEYATATIL 8. 7kg B LRI FRE T o1

B-20. TIBHEL AT LOEILEND LR

12 BT DEEVATA BFLLMERLYATA BN rybh-

10

©

NMC & #(E
< 7.0kPa

3.8 5.7
FE (ke/%)

H-21. HBEALSSRATLTOVO0O—NELESHIEOLE

DAY ATATIE 8.7k LR FRETH I
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ZT7R37

)

O P N W & U1 OO N 0 O

=
o

%

i

NWVIFW=FRI7  PEFY-TAIT BES)TRT

F<0.01 FX0.01 PX0.01
n=36, n=36 n=367,n=372 n=793,n=806

ACM 3.8 ¥4 E35%. . B 1508, A.A5H3. 5%ITHEL-IE

O sHmai 4

R-22. ARABR1EFEDY ZF7XRaT7 EHEEHRORRK

-104 -

50
45

= 40

|

~N

2ol g

# 25 ==

o 20

H

)

B 15

10

ACMELE NIVIEE
F<0.01 FK0.01
n=12 n=12

O %R#14mH



