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PO Rz R e = H i858 ~ 2R K KR EHEE 22 (Rotz and Muck, 1994; Digman ef al., 2011; Undersander
and Saxe, 2013) + L4} + 05 FA R S MDA UL SHAC NI » K% (2017) 0 FHAIE - J0 B LU S
ZNFHEXTE] » AHEZEE 30 hs 18 ZRZVI3 53 11 By 33.9 ~ 23.4 ~ 34.6 [ 27.3% » i BIAIE| AR S STl s > (F I
52 [ 8% AR S| A 1| 1) 7 A ] B 7 MR iR FEE 1R o AN BN & /K S B R B Ko By =P ER - 5 — B ERE I (&2 /KRY
80% ) FEE7KE 60% /A5 0 Ky FHFEE MY R ALZEHL ( NEIF RALZFREHY ) » R K BURAV RS R 55
P& EE&UIE 22 /KR 60 2 25% » /Koy FHEE AV RFL A EEHVEN B - IR RFLEWRART - KBk HV RS 18 5 55
=B KER 25% DT » N EER R RALSE 2 RERH - tERS/K ) KRR A M B A8 B 4% 19 75 %% (Undersander
and Saxe, 2013) o 55 =& LRI E i 1€ - B IR KAERY = BB T L - BN s B AR & » ARZIEHAH
TEALAE AN TRZIERH E HREZE - NER e HEEZEE 1 — 2 K B S /KEEE 35 — 25% IF » BifEa E
% DAL TP EE&UR F EAE - FFLAER ST D BVRIB S - DURFRE TR B T e (R & (8 > 2018 5 & »
2019) -

ARWFFELL 14 20 (L 6 18 ) (VBT B S 6 Bl » BRETABEAIME (8] 1 ) ZR2ERsse - REEEKE - #H
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1. [ECEZE B BT (F) > FREVEE ~ DBRJRURS K 7 (8 Ak 1 B e sl AR RIE () -

Fig. 1. Diagram of round bale dryer (lower) composed by six units of stand (upper), heater, and pressurized fan.
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SHEFHE TR AR 6 (BB B EL A, - BT S iaH SR = - B ¢ () G2l ELEUE ¢ B T 60 kw/h ~ =AHERER
220 v ~ By AR 75°C o (i) HUEREVE - AR B EEUE PR\ 8RS - BEDE 15 KW ~ =FHE B 220 v »
JEUEE 220 m*/min ~ £FEE 280 MMAQ DL | > A R B 95 BT 2 EL 1 40 em o (i) 7SFLERE © FFLEELY R
2.56 m® > BEfIER R CERE R OT R R BT ELAR 40 om > BRREEE T > RAY R BE ST AR I SR R o AR BRI
A EEMFEERL 150 cm ~ 15 50 cm ~ £ 0.4 cm > E {7 B ELA R [E H0aEE o SMNER B BB R EITERIER
11 FHFERZR B

DAREE 57 it 26 AR Bt 2 S [ R b el > BEREIREIRE 2 — 10 A > R nT sEAVHL R A B % e Bl
B/KE > FHERHBEEEGRA R — © LB HEZERER R H0H 6 2 60 hs ;5 ii. s e ; il fTa% - 77
HILL Lely RP245 (% 123 cm ~ H& 110 cm ) ~ Kuhn FB3135 (& 122 cm ~ EH&X 120 cm ) —Jighdf T et iR e -
W ELRTHUEE M E B 27K 3 (80 CHERZ 48 /NEF ) » SR EL IR S AL/ HIFEE » PERD HAET TR - AHR[EFaZkE
MIEASE ST 14 LR > B 6 (ERZE AL - Hrp Dl Lely RP245 # AR 61 9 #£2X > DL Kuhn FB3135 # AU 61, 5 4t
R PHRTZVHAE/KET 46 — 18% (= 1) » slBaiRT A 1111 HE 12444 H -

F 1. TR EEESR - R - AR R EKE

Table 1. Weight of bale, operation time, consumed diesel oil, and moisture for the 14 tested batches of round bales

Batch no. Baler brand Air diversion Initial wt./bale End wt./bale Time Disel/set Initial moisture End moisture

kg kg h L % %
1 Lely Yes 41331122 2825%15.6 195 90.8 37.0 87129
2 Kuhn Yes 3247%57 2956163 4.3 19.5 18.9 10.6 0.6
3 Lely Yes 488.8£23.5 2045%203 374 193.0 61.0 72145
4 Kuhn Yes 4414%6.2 3184168 240 73.5 35.6 10.8+1.8
5 Kuhn Yes 4622146  330.8%f15.6 325 95.1 35.0 10.0£3.5
6 Kuhn Yes 3755t14  3260%105 9.5 31.7 21.5 9.710.4
7 Lely Yes 3085194  264.1t47 8.3 27.4 25.4 124+2.1
8 Kuhn Yes 3934194  292.7%21.7 233 72.8 32.1 85%1.6
9 Lely Yes 313565  257.8%14.6 7.0 37.5 26.2 10,0+ 1.1
10 Lely Yes 349.1£8.0 2456163 17.0 88.6 34.5 6.1%£3.1
11 Lely No 3215195 2823172 216 93.7 30.2 203125
12 Lely No 350.0+9.1 2928%7.6 203 97.3 23.9 9.1%1.5
13 Lely No 3205135 256.0%f13.0 193 79.3 22.3 8.0x1.2
14 Lely No 34381159 313.6*163 10.0 45.8 16.0 7.710.4

1L (Bl ARG
SR 6 (ERZEE > DR E F H B R 2 S e TS - MG BVECE 3% 2 50°C ~ JEl & 220 m’/min
14 4t2rp > 5 11 #ETOCRERGEZERIRAR SN - HaR DIEME: 3 (FLIR TG165) {8 i F A & Hi i 2R S R9 5
1% > MESDSERHZ R P T DARAT < DL Lely 58 2 Hor 4 #ETCOR(EAEREEE (no diversion, Nd) » Har i HE
TRAEE (B 1) > DUEIRERAEE R « s RIS HEEZAT ~ (REUSOHIE 27K% - GACSREH R FE & PRz IR - 4
TTHZBAAEH -
IV. &Ets3 i
() 4HREIZESEEERES © DAFT RSB BA AR 14 #6200 fy 3 4H ¢ Lely 4H ( Lely FTEIMEAZ ) ~ Kuhn 44 ( Kuhn
FTEIMEA E7 ) o Nd #H ( no diversion » Lely T EIMEELT ) - DL SAS (SAS, 2002) #E{T B8 J7 754 »
T BB ER > 4H[HE S E9{E F-test DL SAS 2 GLM (general linear model) #:17 > DL ZEMES (Duncan’s
test) » [LER R FR I Y 2= FRE M -
(i) FZRROGHEBFEN R - AR /KENBIGERET  HATl 3 SHE RIS HIEEST - DL Excel #UEGHETTFE 2 BRI
f] ~ 7535 7K 2 BlnZ s KA 2 B 78 28 /K E M0V R 1 B A7 SOl h4R © 41 DA Lely 46 K& Kuhn 2553
AEITHZRI ] ~ 2638/ K 8Bl FHERTIIA & /KM 2 BR - EER T KSR -
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(i) 52RREZ P RIS I AR B AV HERS © & 0F Lely 41 5 Kuhn 41 &R} - 1T IR RSB N SR EEWNR T 5
B MME AR KERBEE  EEE N FETUYRE KR ECEENRET/HEEE
2 12% S 7K S P R e ] SR 2 s B S B A i o A - IRl - ER 70 M DL SAS(SAS, 2002) 2 GLM/
REG(regression) f2 0T »

R

S 14 LGSR IR - REAE R - SRR - A0k - TR R A R
%1 - R 6 (RO EREEER - S RYGER Y FH(EH 3085 9.4 5 4888 £ 235 kg ¥ a
K 16.0 55 61.0% ; FIAFUZMERERTM 4.3 2 37.4 hs » &5 (6 () E0f0 2 FEHIR 195 193.0 L - #abff il
£ 204.5 £20.3 £ 330.8 £ 15.6 kg ; 2B S /KRERE 11 fE 5 20.3% » HERIGIE 6.1 — 12.4% 2 [H] » J&EBEEZ IR
S AHIEZ 14 $URBPHEL B S0 SRR » R TR TR T R e -

L 4Rt R
Fi1 Kuhn #8047 (0. 605 Lely T8 EEA 10 om » Kuhn #7547 8 @zt S8 292.7 — 3308 kg »
R Lely 22 204.5 — 313.6 kg » [T N BA8 BIA » 75 b TR L R T M A P e 85 - RO 2 28
EERAAR - HETEH 2148 K 2249 ke’ - WARHE SR (£2) -

#2 ORZHEZFEERAR KE - GREER - B/NEHE - SRSCR AT R 2 RN R
Table 2. Water evaporated, bale density, diesel oil consumed per hour, drying efficiency, and diesel oil per kg hay for the
three groups of batches

Group Batch no. Water evap./bale Bale den-sity Disel/hr/bale Wa-ter/hr/bale Water/ Disel Disel / hay kg
L kg/m’ L L L L
Lely 1 130.8£8.7 241.8 0.79 6.7 8.5 0.054
3 28431 14.6 226.1 0.86 7.6 8.8 0.157
7 435175 175.1 0.55 53 9.5 0.017
9 55.714.1 220.7 0.89 7.9 8.9 0.024
10 103.5£10.2 210.3 0.86 6.1 7.1 0.060
mean 214.8 0.79* 6.7 8.6
Kuhn 2 29.1£1.3 229.1 0.76 7.9 8.9 0.011
4 123.0+6.9 237.9 0.53 5.1 9.7 0.038
5 131.4%12.6 234.5 0.48 4.0 8.4 0.048
6 49.5%1.7 212.6 0.55 52 9.5 0.016
8 100.7+7.2 210.5 0.52 43 8.3 0.041
mean 224.9 0.57° 5.3° 9.0°
No diversion 11 39.2%3.0 241.5 0.72 1.8 2.5 0.055
12 572176 250.6 0.79 2.8 3.6 0.055
13 654156 219.8 0.69 3.4 4.9 0.052
14 302125 268.5 0.76 3.0 4.0 0.024
mean 245.0 0.74° 2.8 3.8°

RV RN ~ E7KE - BEERMEFEETHRN T HUMAE - BB (R 1 14 #EIONED B Lely 41
Kuhn 4} Nd 41 - H.ot Nd 40359 Lely #AYFTFT 61 - B4R WER 2 - HBEARB ZKEFEEE
B~ BN ZEBOKE > Lely 895 6.7 L B =it Kuhn 42 53 L st Nd 412 2.8 L » RoREALEE
FOKITHRE R > B E SRR A A B E 2 » B/ ZHFEE I Lely 4H (0.79 Li/bale) B2 Nd 41
(0.74 L/bale) Z2FAREE > (HERE S Kuhn 2 (0.57 L/bale) » ForE/ N ZHFEE MR S BB EAR - AR
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BRI B/ NFHFER - HETREATHSEH 223 7KE » Lely 40739 % 8.6 L B Kuhn {335 9.0 L [z 52
NEEE > MIEEREE 3.8 L BUREED R ERERRCRRTE (£2) -

H BG5S o Lely 4H82 Kuhn 81 7 G AFHEIH A 428K B2 RN » (B NG 2 MEEE g/ N 2 7588
KEFH] > Fo i€ BIHFE ~ B - ZBEKEBWHIGE/KRE ZRlh » A 4R BT B 2 BRI
#r o

1. §Z)REFRSFENE - ZZSKENRIH

5y ZHERIERET 2RI B AR R R (5 (B 2 1) - HHEERIE R 0 2 HE4EE#IZA4E v A Lely 4H
2 SFHEAHMFE Ry 5.03 L/h > Kuhn 408 3.04 L/h » R? #9028 0.98 > o/ N AUFEH B8 E - 4002 2R Al 4E
Fs Kuhn 40 & (045 - EPHEA > DRI 0 BT R R RE S © Nd 4% 4.43 L/h > KBS Lely 40 » R JREE 0.94 -

/NI FE S K B 7TH (18 2 T ) » Lely 4045 H4H 7555 /K & 43.10 L/h » Kuhn 4H 26.70 L/h » Nd 45 318
f# 1579 L/h » H R® f{E (0.29) -
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2. CHFERBUK A BRERARIG R 2 E4RDIE - @ Lely Il Kuhn A Nd

Fig. 2. The linear regression of diesel oil on operation time (upper) and evaporated water on operation time (lower). 4 Lely
H Kuhn A Nd.

s AL - Lely 4151 Kuhn 4127 HIEE B3 86K MIHE IS BT HOGRIER G » 7 Lely ATREMITR - K53
FEFIFH © Kuhn SUFEIHIE K ZEEINE -« RILDUMFERINEE - 80K B RMEIE SRR SR 3 - 508
BUE R 00 Lely S AT ATIERR/K ST 8.56 L > Kuhn 41 ATFHEH T ER/K S 8.80 L Hf#8/N » HR* &
B2 0.98 % 0.96 - Nd 41EAFHEMTTRIRK 3.5 L+ FL R Hi(E (0.23)  Nd 40K F BB F o142 » 455140
TR BAICE » R AT SRR -

L 4 07K B A AR B R

Y KRS AR AR T BITEARMER (5 > Lely 4167 Kuhn 4.7 R 435125 0.91 % 0.98 » 574K
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SUN o R DA S pRZ R AT AR (18] 4 L) - WA S KREFH B AR (IR - Lely 4181 Kuhn $1 7 FEHE
BSERREZIRIS [ > R 5331 R 0.99 } 0.92 ([& 4 ) - Hh&ES A AI7E Lely 481 Kuhn 4053 BIMESH 2T H#04A
/KRB AT 58 BEZ R AT FR I ] R FTB AR & > 28R T Re A — AR ME SRRV RS (MIRFPEREINEE
st ) > ANFTIEGEROAIAS & -
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3. HRIESZASEKE ZRH{% - ¢ Lely ll Kuhn ANd
Fig. 3. The linear regression of evaporated water on consumed diesel oil. 4 Lely [ll Kuhn A Nd.
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4. SERCEZIRIEE] ~ FEHEBYIME S /KR E SRR - ¢ Lely Il Kuhn -

Fig. 4. The linear regression of operation time on initial moisture (upper) and consumed diesel oil on initial moisture (lower).

@ Lely l Kuhn.
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IV. B 5E IRHZ IR P R iR ] RORE T A HE (S
Wt - AR & OraRER > IIARZR R B EE RS — B S B THREER AT - DAz e
R B oK 5y A3 B BB ITAE AN 3 0 R 5351k K 0.96 K 0.90 » FREHEHE BRI R E &
BEI% - WA EMHBFEN R FoK Sy ZE BN ARy 2 R -
HEEBIEE L - WG E/KR RAEEE Ry DGR AIFTREESAVEDE - 5 8 DU (G e PR IR AT AR IRF T e

FEEH ST THRITER 0T » GERANFR 4 0 R 53505 % 0.89 K 0.95 » FoRHFIIA S KR RER TS - Hiz
YR P R ] SR B T RO w71 M PRAS 2R P R R AR E S AR -

3. DIRIE A EENN T AEEEY - MR NGEPKE BERE R T2

Table 3. The estimates of multiple regression of diesel oil consumed and evaporated water on operation time and bale

weight

Dependent Variable R-Square Parameter Estimate Standard Error

Intercept 130.59 29.21

Disel oil 0.96 h 3.81 0.37

wt -0.45 0.09

Intercept 1,068.92 410.39

Water 0.90 h 34.90 5.31

wt -3.67 1.35

F4 DR E KRR REAESRAT RESE - #E 12% S/KR TR R S R B R T

e
Table 4. The estimates of multiple regression of operation time to 12% moisture and diesel oil consumed on initial moisture
and bale weight
Dependent Variable R-Square Parameter Estimate Standard Error
Intercept -47.73 14.28
H 0.89 moisture 0.968 0.13
wt 0.11 0.039
Intercept -70.08 43.57
Disel oil 0.95 moisture 3.90 0.40
wt 0.02 0.12

Ry fER IS DAARZ R 2 SR 7R R KR ] > AR A G T RS RETR A A EEEE T - &
FEWHIAE KR THMRE 12% S/KERIGRTHR MR (B 5 b ) BEZRE (B S T ) - Daae/KE 30% - 14
& 340 kg FERURBY - fKIE 5 FToR > S2ERE 12% FTRRHHE R 8.8 hs > EE AR 6.7 L 5 © #2IRE 12% M5
WE 270 kg - LLHATRANSSSCHEATE 27.7 Teat > SRz 8 2 BN T2 A B 0.71 7T

FoEREIRETRRAS > 40% /KR EUT R ARZIR 28 2 BUE A S /KE - FEIEE/KRT » ¢4aE R 500 kg 5 H
FIEIAHIY  FRFRAE » IR S5 k25 B PRz B e S i P i -

EENEEEE -HRZ RN TE > MRS TS A RE KENIMEZEREA - Bl T2ERFHE
NN LHZIRAIFELABTRE R M B E & - N ARAHEGE T 2 WIRIE AL E DA LRZIE Al e FHREIRZ0 - 30Ut
PR BT > AR B ER K ERAYEIER - AR otk -

BCEW BN H R ZEE R R EA/K 3 28 3 Dk > 30 hs S7KEREIAIFE S 25 — 30% > 1R HAZK 53 PR R 4%
REEIN2 — 3 d A RERELEE/KE (15 — 18%) LUT - [MESHS 2 — 3 d Bl R A e 2 AT e - gz
ARSI EEHY N - 408 5 Fror - FHAEE 340 kg ~ FIAEE7KE 30% G R0 - 52 S 12% Frasisfi f 8.8 hs >
BN THZEHRR A B 0.71 7T 1 ¥4 E 7K 40% FHHIFRET 14 hs » A THZEMA A By 1.25 7T AR —XK
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(Bl B R R RE R A S B2 /KR~ EEE R A 2 ST

PSSR RIS > EURRIBCASE T 76% © {EEIE HAE— W RN RE FNEMEE S i e =K > HHEE 5 RIERE
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Fig. 5. The predicted diesel oil consumed per bale (upper) and operation time by different initial moisture for the different

initial bale weights (lower).
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BB E AT E R S R A R RS REUERR A - A B S RS ) R
Ry R PR T LSS R S e ) RSB 8 R R VRS TS - istBRss
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BRI E SR -
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HRHSENE - DL 40% S/KRLU T RERARTZR AT - R Pl S inE B BRE TR 3 e -

Z2EXR

RHAZE ~ SREEE ~ BUETE ~ IFERE ~ BREESA- - 2017 - AUUHHRAY RIS REA AT R [EH2 S AR 7 2 s s AT 5T - 50 ¢
78-85 ©

BEEES « AR AL - FIRT - 2018 o ACECBCIERRS 1L S SN ELES SO R -
Bk 47 ¢ 197-207 -
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258 °
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Abstract

In this study, 14 batches of 6 round bales of pangolagrass (Digitaria decumbens Stent.) were used as materials to
evaluate the drying performance of the new hay dryer, and to investigate the relationships between the moisture content,
weight and their drying efficiency. Oil consumption and time required for the completion of drying the bales of different
conditions were further estimated. The test batches had a wide range of variation, with initial weight ranged from 308.5kg
to 488.8kg, initial moisture content ranged from 16.0 to 61.0%, and the required drying time ranged from 4.3 to 37.4 hours.
The 14 batches were divided into Lely group, Kuhn group and non-diversion (Nd) group according to baler and air diversion.
The results of regression analysis showed that the fuel consumption per hour of the batch, the evaporated water per hour
and the removed water per liter of diesel oil in the Lely group were 5.03, 43.1 and 8.56 liters, respectively. While in Kuhn
group were 3.04, 26.7 and 8.80 liters, respectively. The fuel consumption and evaporated water volume had a good linear
relationship with time in both the Lely group and the Kuhn group. While fuel consumption and water evaporated in Lely
group were faster than those in Kuhn group, and the water that can be removed per liter of diesel oil were near. The Nd
group was inefficient and the relationships between factors were unpredictable. Then, the data of Lely group and Kuhn group
were combined, and the drying time and bale weight were used as independent variables to conduct a multiple regression
analysis on the fuel consumption and evaporated water. The R” of the regressions were 0.96 and 0.90 respectively, which
could be used to estimate the drying time and diesel oil required for bales of variable conditions. Taking bales with an 30%
initial moisture content and an initial weight of 340kg as an example, it takes 8.8 hours to dry to 12% of moisture, and each
bale consumes 6.7 liters of diesel oil. Considering the energy consumed, bales with initial moisture content below 40% are

suggested for this drying system.
Key words: Hay, Drying, Round bale, Moisture content.
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