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Performance Characteristics of Hydro—mechanical Transmission and
Design Parameters for Type Selection
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Market demand for hydro-mechanical transmission (HMT) for agricultural tractors has increased recently. To select a type
of HMT satisfying design conditions, performance characteristics of 12 HMT types must be understood. This study was
conducted to provide tractor engineers with a guideline to select the most appropriate HMT type for their design requirements.
Characteristics on speed reduction ratio, power transmission efficiency, power regeneration, lock-up angular velocity, output
torque ratio and torque ratio of planetary gear train axis of the 12 HMT types were investigated and presented as either
formula or graphical forms. A guideline to select proper HMT type was also presented using 2 parameter: lock-up angular
velocity (w;) and torque ratio of the planetary gear train axis. In addition, effect of gear ratio of the planetary gear train

on the power transmission efficiency was investigated and a guideline to select the best gear ratio was also presented.

Keywords : Hydro-mechanical transmission(HMT), Power Split transmission, Performance characteristics
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where, v, = angular velocity of carrier axis

w, = angular velocity of sun gear axis

w, = angular velocity of ring gear axis
Z, = number of sun gear teeth

Z. = number of ring gear teeth
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(b) Output-coupled HMT

w,,, =input speed, w,,,=output speed, w,, =speed of planetary axis connected to mechanical path, w, =speed of planetary axis connected to hydraulic

in

path, 7, =speed reduction ratio of mechanical path, r,, r,=speed reduction ratio before and after HST, r,=speed reduction ratio of HST

Fig. 1 Types of HMTs.

Table 1 Types of HMTs

Input-coupled HMT

Output-coupled HMT

Type Mechanical Hydraulic Output Type Input Mechanical Hydraulic

path path shaft shaft path path

1 Sun Ring Carrier 1 Carrier Sun Ring

2 Ring Sun Carrier 2 Carrier Ring Sun

3 Sun Carrier Ring 3 Ring Sun Carrier

4 Carrier Sun Ring 4 Ring Carrier Sun

5 Ring Carrier Sun 5 Sun Ring Carrier

6 Carrier Ring Sun 6 Sun Carrier Ring
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Table 2 Speed reduction ratio of HMT

Input-coupled HMT
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to hydraulic path
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where, n,,= power transmission efficiency for mechanical

path

n,= power transmission efficiency for hydraulic
Fig. 2 Tangential forces acting on the planetary gear train.

T,=3W,R,, T,=3W,R., T,=6WR, . .
oo f o i o e YEFelM EHFo Aot 19
7o) W S, S Sl JEF WEoR FEol A

SE= A9 wgsit) oledh A4S %Eﬁ‘ T#H(power

regeneration)O]2FaL S}, 7|A|A 2N FE o] W

w3k 2R, =R, + R O|PE

4 ~ _
— s s 98k 242 A (1))
LT (6) Jet7] < A (11)el14]
4 <0 (12)
Z W,
— r Z+Z out mn
=177 O
ojty. o] UL 7, <0 W WEHY, 7 <0 w=
T.=T,+T, ®) T,
P —MO]UE P, >00°] =7 YJaME w,, <07t

7 Holok #th. %, HMTS) 28 w9 98 5 ol
¥ 19| Input-coupled HMT &2 12] 4-¢, A7]o] Fo] Ritfo]d 7]A12] 7 = ol A %‘j‘ﬂ Tgho] AT 94 7
TR A2, W10l Fol fe Az s, Aol E FA ol e 91 2l

Zo|= &9 B3 71,0 ZEstEE

out

LTy Zé 7 <0 (13)
Ty outWin
T :Tm’ T‘, = T‘], T ]—;)uf M Zs +Z, t
o] k. Wb 4 (6), (7), ®)% o3t 1}: A @9 s Teke] A (13)0] slste] Az
6 S,
Z,
T, = T =T, : (9) ) Z

Fh(wuut —Tmmwm) T, <0

425



YRUIPIA BS719 A5 SYI YA AFS A A w

Z .
7]— Eq’ O] —JZ—ZjT% Wout < T’mmwm o T < 0021 UH
Y 7, <0 Ws ZIAA AReAME} 2ol B> 0

% ‘AB‘]—O% wout <07]— ﬂoio}: 6]—]/}—’ wout<oo]% wO’lﬁ<
Z,

rmﬁwmo] FAlf HEHER o, <0 F F gl

0 > 09] FloJo} STk, web HMTS] %9 457}

out

Z

<p 14
out T'm Z5 +Z7 Wi, ( )

0<w

&3 o] et

0 <wy, <wp

Output-coupled HMT 32] 19] Z-9-olli= HMTY] {18 &
go] Alglo] Fow g, HArjejs} grlol= 2442 717
A BES} froh ARE dAHER

T =T,

m?

T,=T, T,=T,

n

7 Ak 4 ©), (7). (8)& Aga

T T, —Zb
m — Lin Zé‘i‘Z,
T, =1, Z
h ™ +fin Zé‘i‘Z,
]—;n 7“[" + ]—‘h
ofty. 7IAA A=el #et H2E St HMT 2850
1 Z, 1 A
Fal=nz) = 7k7} _ s ] T
i TE Ei‘— h -] T'm Z;n Zs +Zr Q]- TRy " Zs +Z1
7} 93, HMTS) 918 Fee
T, Z, T, Z,
1 in s 1 in 7 w (15)

P = _—w
in out out
T T Zs + Zr My T1TRT2 Zs + Zr

7} Aot wpepA] 71A1A A2 eA s glo] Aysh] $lgt
Z1&
1 T, 4

<0 (16)

w,
out
M Tm Z€+Zl

426

O]I" Wout °
eSS R D R ey BEEEE R
To] AT 944 AReA Y £oho] B £
A

1 T,

in

Wout
M T17T2 Z +Z

<0 a7

ot} 3 29] Output-coupled HMT 324] 19] t)st 7+
A 7“17”h7’2‘§‘ T8t A (17)e] uglshd

1 1
— T e S— ' <
77/1 m,(wm Tm Z5+Z7 wout) 0
7 Hm, o] 2UE Wk A9 HMTY] &9 £57b
Z+7
out > T Z wm (18)
VA A

o wfolr}. 2] (18)0l1A] »,— ~ " w,, < Output-coupled HMT
4 1614 344 A2r} 1950 ) = Fo) 7174
Az=i AdE ) HMTS) %9 &Eolch, hebd f914
oA FY wgho] Hsly] Q15 2 59 HEA
theat gol Eadn:

Wout > wy,

oAz} 7o Hb Oi X 19 Input—coupledQ} Output-
coupled HMT?] E&
l:ﬂ—/\g o]'—— 274_%

3. [ 98

HMTS) 4% &8& 908 59 7,0 U #9 59 P,
o] v]Z A ]¥m, Input-coupled HMT 2] 12] A% T&
P
& 2 (INZHE T8Ik 2 (ADelA 7, = —2Lo] 11, 2]
out
@A 7, B T3t 4 (1Dl dilsha
Pout _ 1
Pin B Zé W;, 1 1 N 1 (19)
T”” Zs +Z1 Wout T]m Th E
=27 AThlE 20 2T Zs -
7]— %]jr = —i"J‘H‘I—E‘T == S wp my+7 lnoﬂ EHYIS-]-—
HMT 29 £:29 Hl2 4osha =,



J. of Biosystems Eng. Vol. 36, No. 6
Table 3 Lock-up angular speed and conditions for power regeneration of HMT
Input-coupled HMT
Type Lock-up angular speed Mechanical regeneration Hydraulic regeneration
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Table 4 Power transmission efficiency of HMT
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Table 5 Torque ratio of HMTs

J. of Biosystems Eng. Vol. 36, No. 6.
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T T 1
Type Output torque ratio (—7— Tous ) Sun gear axis (Tb Ring gear axis (T’ Carrier axis ( T‘
7: in in in
1 Pout ZSJFZ? L 1 out Zs Tt;ut Z7 7—(‘)ut
PiTI ZG "'m wﬂ,()’!‘ 7—;71 ZG + T ]—1777 Z@ + ZT‘ ZTI
2 Pout ZGJFZ L 1 ]—('mf Zs ZHLf Zr ]jmf
P[TL Z‘V TIVL U)VLO‘V ]:VL Z& + T T;TL ZS + ZV ]:VL
3 _ Pmlt _ri 1 ]:wt i ]:mf ]:JILf Zs +Zr
P[I! Z& T‘IVL u)TLO‘V ]—'lel Z& ]:VL 7‘1771/ Z‘I
4 Puut Z7 L 1 ]:)ut ﬁ JZ)ut ];ut Zb +Z7
By Z+Z T, 0, T, Z T, T, 4
s P2 1 1 7., 1. % T 447
'PNI ZT Tﬂl w'ﬂ07 7—1“71 1—7'71 Z7 :Z;’ﬂ ZS
6 Pout Zs L 1 :I:)ut T(‘)ut Zs :Z?Jut Za +Zr
Pi‘n ZS+Z7 ’771 w7107 ]—1'71 7—7'71 Z7 7:77 ZS
Output-coupled HMT
Type T, un gear axis (f ing gear axis (f arrier axis (ﬁ
1 Pout Zs 1 1 25 Z,
By 257, 1y 0y 7,+7, 7+7, '
2 Pout Z7 1 1 Zs Z7 1
PiTI ZQ+Z m wﬂ()’!‘ Z€+ZI ZQ+Z7‘
3 o Poui ii 1 1 ﬁ Z9+Z7
Eﬂ, Z 7707‘ ZG Z@
Pout ZGJFZ 1 1 Zr Z9+Zr
! B, Z v, a, ! Z Z
Pvut Zr 1 1 Zé Zb4>Z7
: By 21 7z ' Z
B, 7 T, o z ! Z
HMT?] 2= gAof tist &8 Ean|e} 4 7194 % 3) =9 EAH]E 7Fse @ Aok gt
a1 o ® selg 2o 4 710199 3% g B Reks bsd @
Z}O}Ok s,
3. HVT 349 M=y
L. S 2el E3H|
Ip, ANEH R -
- & a7 3 1A ARe) A% 80l g, =09013 H4
HMT 32]¢] el 7)o A% a3 28 2on) 0 § A2 A% 780 5, =075(r, =002 1 £ Hzn)o]
A 7old &= EFH)E 7R o7 o] they) o] HAs) w2} Input-coupled 2} Output-coupled HMTS] 2] 1¢f
ok & A i el slolh 45 G8o] A9 Hz
) A5 582 A Are) s afw =11, 7|A1A As afr 52 ks HMTE ARE- 7hs £iee 6o,
Aze] A% FHHT W W gjolojo} ). o)2 =¥ ﬁlaﬂli UFER Input-coupled HMT®] 73-
2) T 3o U= 7St §F Holof ) w,,, > 0.62°]%12.H, Output-coupled HMT 2] 7-9-oll&= 0 <

429



YRUIPIA BS719 A5 SYI YA AFS A A w

w,,, <1.35°1tk Wt s a8 WolA Input coupled
HMTE %9 S/ 59 mut 149 o fejsh,
Output-coupled HMT= 59 £ERTE A& off f-2]st)

- m_

L .
/ ™
LN
N

=1 -0.5 0 0.5 1 1.5 2
Output speed ratio

—— Input—coupled type 1
—— Output—coupled type 1

Power transmission efficiency
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Fig. 4 Power transmission efficiency of input-coupled and output- coupled HMTs.
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