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TIAN Fuyang'? CHEN Yuhua'® SONG Zhanhua'?  YAN Yinfa'? LI Fade'” WANG Zhonghua®
(1. College of Mechanical and Electronic Engineering, Shandong Agricultural University, Taian 271018, China

2. Shandong Provincial Key Laboratory of Horticultural Machineries and Equipment, Shandong Agricultural University, Taian 271018, China

3. Shandong Provincial Engineering Laboratory of Agricultural Equipment Intelligence ,
Shandong Agricultural University, Taian 271018, China
4. College of Animal Science and Technology, Shandong Agricultural University, Taian 271018, China)

Abstract: The formula for a total mixed rations (TMR) was designed by animal nutrition experts and
included roughage chopped to an appropriate length, concentrates, and various additives that were fully
mixed in certain proportions. There were two main methods currently utilized for silage storage: in a
silage pit and in silage bales. On the basis of the existing vertical feed mixer, the self-propelled TMR
mixer with the loader and conveyor was developed, the scheme of this designed self-propelled TMR mixer
was put forward, and the practicability of the prototype was verified. Silage bales wrapped with a
stretchable film was widely used in the animal husbandry industry to remove the bottleneck when
preparing silage straw feed. The current methods to manually remove the stretchable films or the use of
machines with a plurality of single functions were time-consuming. Therefore, a bale splitter matched
with a self-propelled TMR mixer that provided the functions of bale gripping and cutting, material
loading, and film removal was designed to realize integrated feeding in the pasture with high efficiency.
The self-propelled hydrostatic driving system was adopted, and the self-propelled TMR mixer realized the
combined functions of reclaiming and conveying of material in the silage pit, mixing of roughage and

concentrate, transporting and discharging of rations, self-propelled TMR mixers like that considered here
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played an important role in speeding up the utilization of crop straw as feed. This constituted one

component of the implementation of a policy of ‘ grain to feed’ with the aim of alleviating the problems

arising when people and livestock compete for grain. The test results showed that the maximum height and

width of reclaiming reached 5 000 mm and 2 000 mm, respectively, the average preparation time was

23.7 min. The mixing uniformity was 91. 1% , the production efficiency of TMR was 29.6 m’/h, the

residual rate of unloading was 0. 7% , and the removal rate of the waste film was 98. 4% , which met the

stipulated requirements and provided a reference for further design of the equipment.

Key words:; total mixed ration; silage straw feed; bale cutting and film removal; mixer; self-propelled;

animal husbandry machinery

0 3|

2R 4 H K (Total mixed rations, TMR) J& 5 Bf
KA (AR A ) AN A AR K B B i AR B
ORI S Y E IR L RIS, B (B )
2 YA RUEE RS R B 45 B s hn R 4 IR —
9 TC L AT 78 31 4 T 45 B A — Tl 72 3 M 49 4687 14
R . TMR B BE HLRE 05 6 22 Fh k) 2R 4T B HE
BA, KA =2 A HA, W45 4 & TMR 4
MR, /] AR PR W5 2 ok B i) 2R & H RS 5*
e —8

Har, A E&HOL & EE nER . La
PN A ES I A S S I T =W || E A ES P SR 2 T
K AR A HAR (TMR) f M R FR )
FLAG BORE 08 Fk AEORH 5 2 T RE Y — &4k TMR IE 4b
TR, LB B Z T AN R, iR
HIREAR KUEFRHEARE, BARAENGZEZ S
A7 TMR BB, (H— & fk TMR 5] ML AR 1 5 32 2
R ] S0 3 11 T AR X TMR 45 AL AW, (4 AH DG BF 5%
WH D, RN ZE ) 5 xh % sh =X 7 0 BORIL R 47
TS RSN et TNV R s R ARAH
MR FE 42 0 e T B8 AR S5 S50, 5t
X R THE B 1 A S A 0 32 00 s s R R AT T BB R
PABFSY 3 F A4 B ") %k Sl p 5 TMR AL 4
X TMR BL 585 TMR LS AT TG TF 9T, 40 b7
TIRG LI AU L S A R T 2SI e & 07
XA A HORIE A B EN 45 4R 10 i 50 07 ik
HEAT T A CHR ST 5 51 0 75 A0 1R EURE A T 55 3l 5
JBE R B T B, R R AR A O R T — b I
) V0418 o3k 26, o] A& TMR AL 52 B b ] ) il
AR .

H T, B N E YRR MG Ak AR A
el P O 5 R0 DA AR AR . 1 N W 4 R R
A D7 I3t SRORE F 31 4R 37 ) 2 Ol BRALERAR AL
BRI A8 HURE 58 B I — TR VAT 55 o X 7 I
Tl RS AR = BRI 2 DL CE FR R R AR TR
R, AR S T 38 R R 2 T S B I OB R

il 1

I AL BORE G B E TR A H R A HLEE R 454
BN I 0 & Sl A BT 7 I A2 i AT D3
PR e, BT 7 It FBOR AN iy X LR, AR 0% 4 1)
MR Gl R Ak BT 7 I A TR S B OB

1 FELHETIERE

1.1 EELHH
A TR HOR ] A HLAE F s a1 R
/j—‘—\‘o

910 11 12

1
nﬁﬁ.

Y

20 19 18 17 16 15 14 13
B AR aiRa B &S s 28
Fig. 1 Sketch of self-propelled TMR preparation

mixer for silage straw feed
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Tab.1 Performance parameters of self-propelled

TMR mixer
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Fig.2 3D work models of self-propelled TMR mixer
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Fig.3 Schematic of silage loader
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Fig. 4 Bale splitter model
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L 2. 0EH 3. ETREEE 4. SmERR 5. TahEh 6. R
7. iR 8. ik 9. BfllAR 10 HFRE 1L REER I E A
12, B d e 135 R 14 B 15 B

ARSCR M BESE 242 46,5 mm, it 45 BMP —
160 BUELL Hhik , AiE §5 380 310 o/min, 73 HH 2R G
FORRABORE A% 12 3432
U_ann_zwx465x3m
60 000 60 000
Kb r—HERER, mm
R P g Sk 3 2R R AR SR A 1 SR B, DLEHDRL ]
IO IR A BRI 5] — 2, B i R 5] AR
It S B 7 R R S U TR R B RN, N
Ak SEHORHIN , ] B I O AT SEVRL R TT 0 OO B )
AN P, i 8 TMR PR TR 2% o

K

3.1 st

AR FEAIL 1 B0 b 8 A L AR A8 A 3k i S R 0% 4R
Bl AR B VERE S 2R fE A2 5 2 000 3k, H I #E
R 40 v, BEWE 2 B E ARG B O & HLE
RE IR 50 1 25 1

IS A AR A H AL S TR A AT R
F BN AR B RE R R AR HERE RS L R OF
(BRI 0.5 %) JLoki 3k EM IR O E 1 %) .
RS FRE AR & 55 . I R R S — 2R G
HORRC 7, K TRl RE RO SRR TR & L Dy 327, HOHL.
K GRS BE B 5 7 B 0 AR ) g sk, b T et
R E RSB R 15% ~20% BB (L) iy
15% ~20% , & KRN T 805 T 15% 5 5 ik
ol 60% ~T70% , & 7K 2K 60% ~T0% ;¥ 1A Kt

=1.5m/s (7)

4 I L T AR 30 e 3 BEA 1 O 1k BB, T L A U e
R R A T A REHURME 53T 25 5 11 70%

00 5 358 DR A X 5 K SR R g — b 1
YRS TR B AR BORE 3 Uk, 3 RV BURE 2 50 g, H5 K i
O AR G N S BIFR B AR JE AE 105°C fE iR AR
PR TR 2R AL, AR TR R R . PR
RS e & S

MCH=mSmm’~’x100% (8)

qrb Mo, ——WRHEX Sk, %
TR RE ST kg
m,—— 11 J5 B i i kg

3.2 MR

NHTEGE R 4R G H AR A HLn LA kL, 2
PRI St 4] B b B R R GDRL B R N T A AL
i ST & B ALHE SR T A% 34 1 300 ~ 1 500 r/min,
NIBCER | 4kt 15 2] OB E Ml 3% Z2 7R i 4 15 ~
25 min 4 B 58 B Ry 12 ~ 15 em, 0] 31 6 ) 7 #F 4F
AERKPEALE 3 ~ 10 om, QSR LT 48 KK, W4 F5 46 % £
T ST Y R D AR PR 2 3 A 3 b 3 T AS R
W . B4 3Ck03,5,6,8,10,15,18 ], 4
RAHRIEAYASE 2RA HRBRY S E 2R
A YR AR R 2IRA B4R FR
B R FSE 37 o 324 Oy BB 2R iR A FOR ) & AL 55
AR o
3.2.1 2EAHREGHSE

W7 AR A HOROIR A 15 BE R B2 4 D K R it
B, 7K R 7 35 00 A6 VS ITORS GRS [ 5 R R s A
AR Yok R 5% YL R &R B YR 7S 4y
TRAG , BEE EURHA T O Rk I HE s 25 [v) B 3l B
A F 50 A FE G, I BB FE SRS
2000 g, fF R iR A 34950 BEIAAE AR, SR )5 40 0 Pk 4 1
B G PR FRR R W 0T FR A, T Oy B S Y
TN BRI SRS R . TR AR 2
R A5 B

m.Y

2(&—@2
SENTN ST 2
M,I:(l—i)XIOO% (10)
X
S, —— IR A AR

N—FEA

X, ——REAC TR B R T 5 R O )
b, %

X——REAR hR B 0 I ik 5 R i I i A b
(2, %



112 & Ml

U

2020 4

M,—2RA HBRIREHAIE, %

Xt AR A HARTR A FORVEM, MR G5 %
KT 90% i} Fmik & B IR G5B RK T 80%
HNT 90% i R 18 4 i i 7] DLz 2 (EAT 5 2 —
B, ARG HRR A 5] B S 2R B Pk ik Yy
5Y B SR LT A 92 BR AE 7 v SRS [ AR R
IRA HORH A HLT & 1 2R A H RIS Y5
KF90% .

3.2.2 £IRA HRECEHY S E

W — K EEA/NTF 200 m HIEEA/NF 5m
141 T B ) B OB e, 3 TRD R 10 mo {8 — > F5
i BP0 1.2 -0 20 H 21 AN AR s AR JE B E =X
ARG H ORI A8 L AE 25 52 B IRORE A M 15 B8, A
Pric 0 b TFGe Okl B 208 S AR IS B AR 20 A5k 1k
FERRIC 2 ~ 19 b, BUR > F 15 ASFE S 76 75 S PRI
MK PR, BRI o TH R AR bR 22 0
fHORL 8 5] B

Sy = (11)
S,
sz(l—?)xloo% (12)
X S, ——HOBHE AR i 22
m,—%55 i PR B ke

m—Ff fi R 3 MR kg

M — ORI 215, %
3.2.3 aiRaHBRYE A RKEER

TERHIL IR 2R A H R IE TR G 45 9O H AR EURL

Ja A AR A O A ALRHAS R 2 AT B
T B[R] I X e 5 19 5% B D RERR O T IR S Rt IR
S a HARM R Z R 2R S HRYIRL A AR5
B R PR E R SR BRI O

R=3" . 100% (13)

m

c

X R—2RAHRYE ARER R, %
Am——L56 N 5% B YR i kg
m, —RFFE A 2 LR PR kg
3.2.4 ARG HRETE
ARG AA B A LA

E=ZK (14)
X
b Y Vo FORR AR 5 R 0 A v UK
BHARL, m?®
3t PR R 0 491 ] R v ol T A
i), h

3.2.5 W CREFTHE 0% RS R R

T 5 2 e A I e R A U0 4 B
BB 9 2 D) 4R i J 4 3 1 A 7 B, U sl DDA
JEGURE RS FF IR DD 8 2 B, e A AR
Vo AT P26 B ORHAE PN, e AL AL e A 2 A0 B By 1k
AT FERE B RN RS AR G 2 5 % 3 Y
R B AL A MR B 7 07 B 8% T, Bl J5 38 3 4 Bl 3k
R AT A o e RS AL AL, 2 6 2 R D) e R . S B
R T SR WA ) R R IO o ) N Bk R 4B Ak R A
PR E RN 2T RO M T T )
WS AR FFHE AL, T 5B AR B 00 1 R B R T B
LA AT B

Am,
S = % 100% (15)

m, + Am

t s

X S—WIRERR, %
Am ——3 FUSCHE I R B AL, g
m,—— 1B 22 JE R Y 1 A I L g

3.3 HHRE

2018 4 12 H 29 H , 1L ZR 44 4l WL B 2 BF 5%
B 77 i R RS T o Xt 9JZL — 16 B G E R AR A
FORR R 2 AL HEAT T R 00 4 o S D0 e 57 LD AR 8 A
W A A IR B A AL IR AR S 0
J& T2 R S50, 9 FE S 3 000 mm, fil BE R FE
4 500 mm ; {5 RDRL R A0k FORYIRE 2 ~ 3 em i A,
EK R 64.8% , K 60 d J5 IF 45 BURE ; i /E 19 4R
A HRBEI R L 70% 8 WR Y 30% K kL
IKFN3.7% o RETEF 5 A5 A T I A it 56 %
% HAEAR SR (1200 £6) x (1100 £6) mm,
T I 35 (420 +10) kg/m® 75 107 % FH L fif i 22 42
4 2 BRI, HEHLIBCRE R S 5 000 mm , BUEL
FEEE b 2 000 mm, 4R A H R OB 6 & 6 E R
23.7 min , R E2RA ARIBESHSIE R 1% , 4
A HMRAE RN 29.6 m’/h, HUKL [ SR 5% B %N
0. 7% , ¥ I FF 418 5 M5 7 B 58 3K 98. 4% . K3 B 45
B4 IB/T 11438—2013 ( 48 H AR B £EHL)
FARUEF Q/XFNM 001—2018¢ H E XX 2R A H H
il 8 AL A b o o

TGO} 2 50 6 455 75 0 418 A9 B0 418 SR A0 7 3 P B
Ko VIR BCRHR 36 a0 & 11, 35 03t gy BORE I 12,
PRI a0 B 13 HORHA B n &1 14 BiR o ZAEAL
] 58 B I AR ICHE AL 7 0 4 L BOREAIL L B 4 ik
B TMR Fal A5 P B S AHORE 4 55 22 Fh st — &5 HOPLA
WA 1 2R T RE

4 it

(D it 7 AER2RA H R &L, Z PR



531 H

o}

& BEXRRA BRSBTS R 113

[10]

Kl 14 R T

Fig. 14  Distribution test

(c) YI4H ;
PET—— P16 7 22 S 6 HL IR P 4 FE B30 96 5000
Fig. 11  Bale-cutting test BEIYBORL 5 Sk DR DR FE kLS A B S

LRI 7F L T £F % G I i AT T 30
A 8 2 ) Rl 26— B RS B 75 P L ) B 4
WL i 20 28 ) LA 0 IR L 1l — o
DT TR 4 B 1285 268 20l T — kI e
i B T S P U A
BRI 530 T 4 0 ) 26 7 1P 0 6
S 1 — A

(2) B1ER AT A FUR B A HLIO TR S 7 4 73
IV R 2, 3 H) T1 4 3 1 0 6.7 ~8. 0 m/s, AT i
JE TIP3 7 PR 6 OSSR 16 m® 4 25 i B
ey 45 A B, O 5 2 6 5 0 B 1.5 /s, AT
HRF 5], 2B K REHLECRES FE S 5 000 mm,
UKL 55 1 9 2 000 mm, 4362 R B £ B 1]
23.7 min, B F| 24 HRIR A HI 51 91 19 , %
A HRUE 7 5 29,6 m/h, HUK F1 SR 5% B S
13 Tjrﬁ#ﬁt% 0. 7% , 75 WA AT il 0 168 375 R < ik 98.4% o iz LG
Fie 13 Mixing fet K241 A FL AR 48 LA 56 10 1 5 0

B 12 55 Iy s
Fig. 12 Silage tank feeding test

z £ x #

PREAE, HE, FH K, 5. B RS TMR fE RS K H 6 & WU AT st e (1], b B R ML 2% 4 ,2017,38 (12) : 19 -29.
CHEN Yuhua, TIAN Fuyang, YAN Yinfa,et al. Research progress of domestic and foreign TMR feeding technologies and mixers
[J]. Journal of Chinese Agricultural Mechanization,2017,38(12) :19 —29. (iin Chinese)
KAMMEL D W. Design, selection and use of TMR mixers[ C] // Tri-state Dairy Nutrition Conference, Florida,1998.
SCHAREN M, JOSTMEIER S, RUESINK S, et al. The effects of a ration change from a total mixed ration to pasture on health
and production of dairy cows[ J]. Journal of Dairy Science, 2015, 99(2) :1183 - 1200.

SOVA A D, LEBLANC S J, MCBRIDE B W, et al. Accuracy and precision of total mixed rations fed on commercial dairy farms
[J]. Journal of Dairy Science, 2014, 97(1) :562 - 571.

ARZOLA-ALVAREZ C, BOCANEGRA-VIEZCA J A, MURPHY M R, et al. Particle size distribution and chemical composition
of total mixed rations for dairy cattle: water addition and feed sampling effects[ J]. Journal of Dairy Science,2010,93(9) :4180 —4188.
BEAUCHEMIN K A, YANG W Z, RODE L M. Effects of particle size of alfalfa-based dairy cow diets on chewing activity,
ruminal fermentation, and milk production[ J]. Journal of Dairy Science, 2003, 86(2) :630 — 643.
MCCORMICK M E, HAN K J, MOREIRA V R, et al. Evaluation of alfalfa inter-seeding effect on bahiagrass baleage
fermentation and lactating Holstein performance[ J]. Journal of Animal Science and Biotechnology, 2014, 5(1):1 -9
KMICIKEWYCZ A D, HARVATINE K J, HEINRICHS A J. Effects of corn silage particle size, supplemental hay, and forage-
to-concentrate ratio on rumen pH, feed preference, and milk fat profile of dairy cattlel [J]. Journal of Dairy Science, 2015,
98(7) :4850 - 4868.
OELBERG T J, STONE W. Monitoring total mixed rations and feed delivery systems[ J]. Veterinary Clinics of North America:
Food Animal Practice, 2014, 30(3) .:721 - 744.

EASTRIDGE M L, STARKEY R A, GOTT P N, et al. Dairy cows fed equivalent concentrations of forage neutral detergent



114 o Bl cE 2020 4
fiber from corn silage, alfalfa hay, wheat straw, and corn stover had similar milk yield and total tract digestibility[ J]. Animal
Feed Science and Technology, 2017,225:81 - 86.

[11] CATTERTON T L,ERDMAN R A. The effect of cation source and dietary cation-anion difference on rumen ion concentrations
in lactating dairy cows[ J]. Journal of Dairy Science,2016,99(8) :1 —11.

[12] GROEN M J, STEELE M A, DEVRIES T J. Short communication; effect of straw inclusion rate in a dry total mixed ration on
the behavior of weaned dairy calves[ J]. Journal of Dairy Science, 2015, 98(4) :2693 —2700.

[13]  SP3EP, BEZE AR, 55, 902 -2.0 B A ERF BRI [T]. RYVLHF5E, 2010, 32(8) :104 - 106.

GUO Yingzhou, LI Zhikui, LI Cunbin,et al. Research of the 9QZ —2. 0 self-propelled silage loader[ J]. Journal of Agricultural
Mechanization Research,2010, 32(8): 104 - 106. (in Chinese)

[14]  J7%c, %, Gk A, % NELLE TMR GDRHEHE 4 i B SO7 LT (] e\ — AR B R 22 41,2009, 21(6) :15 -
17, 28.

WAN Lin, WANG Chun,MA Yongcai,et al. Design of a small vertical TMR mixer and simulation[ J]. Journal of Heilongjiang
Bayi Agricultural University, 2009, 21(6) :15 - 17, 28. (in Chinese)

[15] £, ke 2R HBRIES B PN 850 7 kM or s (1] ol T4 ,2007,23(5) 1126 - 129.

WANG Defu, ZHANG Quanguo. Experimental methods for evaluating indexes of processing quality of total mixed ration [ J].
Transactions of the CSAE, 2007, 23(5): 126 - 129. (in Chinese)

[16] 44, EHM. REMI2REAS HRIES VARSI &L A4k ,2008,39(6) :205 -207.

WANG Defu, WANG Jiquan. Test of a single horizontal mixer of total mixed ration[ J]. Transactions of the Chinese Society for
Agricultural Machinery, 2008,39(6) :205 —207. (in Chinese)

[17]  E1E4E, 28, 2000, 5. AU EHE S PR G LB 5 S804k [ 1/70L ] R ALK~ 1 , 2017 ,48(12) 198 — 104.
WANG Defu,LI Chao, LI Liqiao, et al. Mechanism analysis and parameter optimization of blade-type feed mixer[ J/OL].
Transactions of the Chinese Society for Agricultural Machinery, 2017, 48(12) :98 - 104. http: / www. j-csam. org/jcsam/ch/
reader/view_abstract. aspx? file_no =20171211&flag = 1. DOI;10. 6041/j. issn. 1000-1298.2017.12.011. (in Chinese)

(18]  ZFIMr, E1E4E, 258, 45 e 8 5 R A0 H IR G LB 58 ek [ 1/ OL]. ol B2 41,2017 ,48(10) :67 - 75.

LI Ligiao, WANG Defu, LI Chao, et al. Design and experimental optimization of combined-type ration mixer of drum and blade
[J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2017 ,48 (10) ;67 - 75. http: // www. j-csam. org/
jesam/ch/reader/view_abstract. aspx? file_no = 20171008 &flag = 1. DOI; 10. 6041/j. issn. 1000-1298. 2017. 10. 008. ( in
Chinese)

[19]  Foask, RN AT, 5. B2 G HRIES KRBT SIS [1/0L]. £l LK S 4R ,2015,46 (7) : 109 -

117,170.
YU Keqiang, LI Ligiao, HE Xun, et al. Experimental design and principle analysis on paddle-wheel total mixed ration mixer
[J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2015,46(7) :109 — 117, 170. http: // www. j-csam.
org/jesam/ ch/reader/view_abstract. aspx? file_no =20150717&flag = 1. DOI. 10. 6041/j. issn. 1000-1298.2015. 07. 017. (in
Chinese)

[20] BREA, W, R Z, % UHRBRBEILR ST 5850 (1] RPUEDES,2019,41(4) 1101 - 106.

CHEN Yuhua,TIAN Fuyang, YAN Yinfa,et al. Design and modal analysis of machine for splitting a wrapped bale and removing
the packaging material from the bale[ J]. Journal of Agricultural Mechanization Research,2019,41 (4).:101 - 106. (in
Chinese)

(200 0. [ AL 4R 5 P 5 i I R e e it 53R [ D). SRV VL5 K%, 2017
LIU Chao. Design and experiment of real-time bale density monitoring system of round baler [ D]. Zhenjiang: Jiangsu
University, 2017. (in Chinese)

[22] BRik. BRIP4 EHREER 2R G BRI R REWHF L[ D]. Jbat: & E AR B ,2008.

CHEN Bo. Development of software system for modeling dairy cow nutrition requirements and total mixed diet formula [ D].
Beijing: Chinese Academy of Agricultural Sciences,2008. (in Chinese)
[23] VERTOMRNEN J, KINGET R. The influence of five selected processing and formulation variables on the particle size, particle

size distribution, and friability of pellets produced in a rotary processor[ J]. Drug Development and Industrial Pharmacy,

2008, 23(1) :39 - 46.



