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Hybrid Technology - History & Timelines
T EEREL £ - gl

First electric vehicle was invented between 1832 -
1939. sy 7ifpiii1832-1939 7 JHJ3L .

1899 to 1900 high point of electric cars. They

outsold all other types. 1899 %1900zl = m . 4 B

Pl PY SRl 7 .

Electric vehicles had many advantages: w#asifvgst

 Less Vibration, Pollution, Noise & No gear Changes.
b WD B & SRR R
Why they die? izt srie

1916 Woods Hybrid Car, Internal Combustion

Engine & an Electric Motor. 1916 f:2t g /4 ikl i (1

FRRY

R

What happened when unleaded gasoline/petrol
was introduced? = s il & & 5 e 2
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Hybrid Technology - History & Timelines
THIFEIEL - L

1994 Ransomes E-Plex, world's first electric

Triplex GM. Noise & pollution free mowing.
19945 51— 12 4k 23~ Y-Ransomes E-plex FyE3ifiist” /414

What happened to it? s = 5 pi?

2000 June Golf Course Management mag.
Ransomes E-Plex Il can cut 18 to 22 greens
on a single charge, driven by conditions.

Did it? 2000 65| HnEe L 5k Ransomes E-plex Il &— "% F F%l&
i THIL8EI 22 b S pL e 8

2007 Feb E-PLEX Il. 2007 27| E-plexii

 They now believe they have it right. i
RlEeo s
e 13 years later! 13# &1

Toro - Where are they? toro-gii 02

E-FLEX™ N

PROVING THAT LESS 15 MUGH MORE

L e e 2
ool o bioad shasan dw b e el ved <o sk o o cownss b T whorrore el o @TEodia e
b, I
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Hybrid Technology - History & Timelines

T EFEL £ -

2005 - John Deere introduced the
2500E Hybrid Riding Greens Mower

2005% John Deere 38%2500E 3E'Fe7ﬁiflf7\'%rﬂ?'

* Gas & Diesel — HD 48V System, Electric Reel Drive
— Cutting Edge Technology 35311 =0 H1- HD48VY
ek, PR L - LB

. Hydraullc Reel Drive System eliminated — reduces
hydraulic leaks (102 points) JER/ES rfge ™! 3 258
KRR R J»lOZIFFI RGNl

* Quieter Operation from Electric Reel Drive System.
FEATR R R R TR (e 5

» Feedback on the 2500E has been very positive. |
IR a2 oo 1P SN |

* Reduced fuel consumption (up to 30%+) being
reported. f* I' [y DASHPIEY{EI R (5E30%).
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Hybrid Major Components
S N Bl A

Alternator: s B

 Powers Reel Circuit

Brushless Motor:

it e T B ) Rl R
LFL{ 1 Fo,rﬂeacﬁgel 7:1— IENAS
I |
Controller: A
« 1 Controller per reeI
l[ﬁiﬁkﬂa‘ A e
AR Reel Control
. Eontrols power to the Switch Box: AL
reel and does PP -

diagnostics for each
cwcwtﬂﬁfﬂbﬁi 1
e 3& S

¥ * Controls %]
— Reel Speed 5™ ;i 4,
— Forward / Reverse -
s
— Mow & Backlap
Switch Q&H?'r K (3w T—a
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Hybrid Major Components — John Deere Technology
EIB#1 % ]1-JOHN DEERE &[$

Reel Motor JRt”/E&

Several patents on brushless motor technology #+ = #h | =" Fo 2k 7%
B E AR AR

Poly chain belt drive Gt i iy i s

Motor internals epoxy filled for sealing 53 ™| fFBEE S 24 Bl e Tt

GORE-TEX® vent added to prevent moisture in motor 9t
GORE-TEX® E[U[HS?FE’E%?@'“

Controller FF|58

Several patents on controller system ﬂﬁjﬂ%ﬁ,’ I %:EIEJJ ﬂjl%néf
Controller maintains proper reel speed}i’ﬁjﬂ%&'}gﬁﬁﬂ%@iﬁ”ﬁ@
E)evelopLed & made by John Deere iﬁf@_JOHN DEERE LI H[JF%“
Rl PR Y

Controller internals epoxy filled for sealing @’ﬁﬂ%ﬁﬁ{%ﬁﬁ?&ﬁp@
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Hybrid Maf‘or Component Motor Test Washing

EIFR

il

JOHN DEERE GOLF

)




Hybrid Major Co onent MotorTestmg and
Cable Flex EIF&'?BFF 3 P S R
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Hybrid Features & Benefits ?E["_F'j‘ﬂf‘[fl

FEATURE’% &

BENEFIT {B5f

Fewer potential leak points Y& ‘DIWIHIE & pURE

Reduces chance of a hydraulic leak & "D ES 3

48v. 90 amp. Alternator-2500E 2500E %'Jﬁﬁﬁ}ﬁ 48V 90%&’1%}

5 FER '}?‘E;f
48v. 180 amp. Alternator-all others X 3Rl F| 48V 18034

AR

Unit not limited by battery power for run time )&&'F,‘TF{
P AR (S 2 952

Switch box instead of Backlap Valve ﬂﬁ‘ FAEE @"%’ﬁ%ﬁ

Can Verticut in reverse without switching hoses.
Reduces complexity F' o5 AR~ Jr= i = J#]

Reel motor wire harness JR~J 3 75H nl:r

Easier to route than hydraulics FRESHIESZF R l‘h B

Sealed brushless reel motors {‘F;’ﬁ?“ﬁiﬁ’ﬂ[]?‘ﬁhifl‘”ﬁ%

Reduces wear/maintenance, runs cooler & PR&fg Hp JT‘FB
rﬂ.‘

Onboard diagnostic fault codes ﬁlfﬁﬁf{fﬁj‘:’ﬁ% fgﬁﬂ[ﬁiﬁ

Easier diagnostics & repair ,F‘Ljﬁé”rﬁ pARETE R (&

Engine run at 2250rpm 3 [BEldi ffli ¥ |7+ 2250rpm
(full throttle when verticutting) {El = EI-JHIF SR =
el

Less noise, fuel savings up to 30%+ ¥& J/Péé?', = BT ¢130%
| _FRYSNE
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Hybrid Features & Benefits JHIFFIEL & FURs o1 % (BS)

Fewer Leak Points ¥ DYRIF IR

Feature i &
* Eliminated 102 potential oil leak points (Triplex) 150
(LWEM) i D 102 b4 (33 150 edif S ()
* 90% of potential oil leaks occur in the Reel Circuit 90%
AT = PR e 1 B
| - 2 less hydraulic pump/s (reel pump/s) |-2if'ESE]
CINCANR ARG
* Removal of backlap valve, reel motors, reel hoses, &
oil cooler it | (7] fe], yRE g™/ L, Ay
TRESE AT

Benefit [§5F

* Reduces the chance of oil leaks
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Hybrid Features & Benefits JHIFFEL 7 FVH; V=5 (85

48V — 90/180 AMP Alternator 48V—90/180%fa’% g5 E

Feature i
* Supplies power to reel controllers & reel motors only
PRIt R 2o LR Y
» Replaces the hydraulic pump FF [ IERESEH]
+ Testing life exceeds 3000 hours =I5 [zt &33000
M
Benefit (5}

Unit is not limited by battery power for run time ™ 1

OB (O BIRETS (T

* Gives constant power vs. limited power on all electric
battery machines (i.e. E-Plex I1) == = ggh i Fik ' I')
ﬁ@ H i’éﬁﬁﬁmﬁj J

* Can do unlimited number of greens/fairways with no
recharging 5! | T 3 LRI (59| RSBl min v SRELEY
B e e 1T TR
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Hybrid Features & Benefits JHIFFIEL & FVF; © =2 [B5]
Switch vs. Backlap Valve qujl?;% VS ]

Feature} v
« 3 Controls: 35" $4-F[ 5
*  Speed control: controls speed of reels in forward and in Backlap 3% P_ijﬂ Eﬁ'ﬁjﬂif@’ U3 O i
* Forward and Reverse: controls direction of reels I*%@Bﬁ@:@'ﬁﬂfﬁ” J1F
* Mow Backlap: replaces original Backlap switch H[[%1 & {#]@e £F [~ 5 H5 R

Benefit &S}

» Unit can be used to Verticut without switching hoses (forward/reverse switch) H[E 451 ' {2 [17iE
2 T (TR f
 Allows reels to operate off the seat (Backlap switch) Fi* I' |11 55 || "' | Bl & (5l = | (52

Ree/ , . Backlap
Speed ~ S = Switch
BUEE ) g

Forward / Reverse IFEB/i¥iE
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Hybrid Features & Benefits J{IFRE &% &1 % B

Brushless Reel Motors = WA= iR~ E &

Feature ’:li'f"l
« NEW Brushless reel motors Friiv thhfl| =V FEs fL i
* Testing life exceeded 3000 hours #gﬁiﬁwoo gk Eﬁ ARl

Benefit [B5)
* Reduces wear and maintenance on motors Ji‘Pigt” i
e
* Uses the same cutting units in various models. ﬁﬁ*“EJEIfJT;%%@

PO AR P R
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Hybrid Features & Benefits

Diagnostic Light 3" = {ERR[#E

v

bl

Feature H5 &
» Diagnostic light for cutting unit circuit Y5t~ /3% {iT
H
. §eparate SOS diagnostics for Reel Circuit B~ [
= (i

* Reel motor controllers have |3 codes for possible

electrical failures |3y~ J3ol = ([HIEIAR

Benefit [B5f

* Makes it easier to repair and maintain the electrical

system [{i [ = [l g HR i 2RI A

AR

<1 (RS
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Hybrid Features & Benefits JFIEFE 74 &1 & [R5}

Feature Fj ¢

Because the controller keeps constant reel
speed, the 2500E can be run at 2250 rpm
under normal greens mowing conditions
(including GTC'’s and power brushes) <57
[ A U?ﬁi”&‘i‘ﬁ, = AL B
IMJ# » 2500E 1" I' i<t o [ By ﬂjl‘d ok
2250rpm (EIJ?FIIEIF' ARV ‘FU)

* Engine should be run at full throttle
when verticutting or when operating
under heavy load conditions 7+ = Elf’
PO R IR IR
BB R ERT “?HIH

Benefit (§5f

* Less noise, fuel savings [ fﬁpﬁé?’[ Koy

2250 RPM
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2500E Hybrid - W 1Y 2250 RPM?

2500E 3511%7@“ £% - 2250 RPM?

e Engine power output still satisfies majority of conditions o [#* rhﬂlﬁﬁiﬁ“k BN,
AR PHAVT ]EFEJ:—]\

= Maintains minimum operating RPM for alternator ﬁfgéﬁ?ﬁﬁ%ﬁjﬁglp@ﬁ | o [ EPEE

e Torque curve is still rising it p* AR R -

@ JOHN DEERE GOLF



2500E Hybrid - 2250 RPM?
2500E 35“327@1;, &T:,l Tiz2250 RPM?

Fuel Consumption Monitoring NFREE ESH

_'_.

e Prototype & test units operating at Legacy Golf Course 7i+Legacy [‘F,I'ﬁ‘x 24 SR
A EENERE

* Fuel pump & hour meter readings documented after shift 3~ &= Eﬁ
Al e

« Operator instructed to mow at reduced engine speed # == {i ™ |4 JIflf]

« Fuei consumption rates recorded at fuii & reduced throttie F=Hif = Jifif| = &f

PP = s
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2500E Hybrid - 2250 RPM?
2500E 3fhgﬂiﬁip, “,l Tiz2250 RPM?

30% Fuel Savings &7 4 30%/INH!

® Fuel efficiency varies depending upon mowing conditions F & 7 s
_EPIIIE[JI I:FP c[?‘ﬂg’\‘

= Fuel efficiency varies depending upon course layout FfIEi ﬁ#&%&j&iﬁgu
P i

< In high load conditions, engine speed may need to be increased ri%?ﬁ'

VR R ol fid il o 2
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2500E Hybrid - 2250 RPM?
2500E iﬁlgi?zﬁip, ti‘,[ Tiz2250 RPM?

Example Scenario Z {7

= 2500E Diesel 2500E = 3f1d [HF L (7]

e Wide Open Throttle (WOT) — 0.6 GPH / 2250 — 0.47
GPH Ej[ﬂyﬁti@%ﬁ 0.6 GPH /2250- 0.47 GPH

e Price of fuel - $3.50 per gallon (3.8 liters) P}"ﬁﬁllaﬁ?*' £,

F £%$3.5 /4

= Based on 5 Years of average use I'| =+ & £ {j]

e Savings over life of machine - $1365 Bigr S q' ' ¥ ™ 3
£$1365.

@ \)
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Hybrld Features & Benefits
JHIEFIE &85 o1 % [BSh

Fuel Consumption (2500E Diesel) “#S5fiE 4t
Full Throttle — 0.6 GPH / 2250 rpm — 0.47 GPH = JHIff[§} 5 -] EH]:O 6‘{ ] +2250rmp
RpE TR PO 047

Sound Levels at Operator’s Ear ;i:'.\ﬂﬁél'EfTF%El@F%ﬁ

Engine at WOT = SEIgiypvy [HF Gas Engi=if Diesel Engsafl
W/GTC & Power Brushes 84 db(A) 85 db(A)
R 'FJUQ'

Without GTC & Power Brushes 81 db(A) 83 db(A)

RRET IR Rl
EARR VAR | . '

Engine at 2250 RPMd [EFELH 52 225048

W/GTC & Power Brushes ' 83 db(A) 81 db(A)
5 W
Without GTC & Power Brushes 79 db(A) 79 db(A)

12 B R R
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| PR A ¢

E-Cu Ijl\ Igrid Wal _PBebind Greens Mower
IPIERE 1= BN T SIE& 1Y

Stay ahead of
any curve,

Official Supplier

220E-Cut Hybrid Walk Behind Greens Mower
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220 E-Cut Hy /Igrld Walk Behl’l"ld Greens Mower
220 E-IFRE & = ER B H 1S

« QA5 22” width of cut QAS 22 H[E|5T

* Fully contouring head for undulating greens 3t =2
3 Liﬂ?' IR R B PR 2 R

. Adjustable Frequency of Clip fi'I'J T“LJ%E%“}*%‘WJ?'
i

* On Board Backlapping Hi FﬁF Fﬂ%ﬁ

* Greens,Tees, Collars and Approaches Fi' ¥ [#7{ %ﬂ%
TR S R R A A

* 2 - 8 units per 18 holes depending on mowing
expectations, more if walk mowing
greens/tees/approaches FXEE ') LEEE'JZ-8’F' =
T HIE TR 1 8IRPY R A SR

* Height of Cut (HOC ) .078”(2MM)- .875”
(22.2mm) %’[Jl%’lﬁq@: 2mm-22.2 mm (%'L’%r%‘?&“\)
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E-Cut Hybrld Bl_d!n Gregns Mower
JHIEREL 7 3 0 20 = UK E B

2500E Hybrid Riding Greens Mower - Diesel

2500E Hybrid Riding Greens Mower - Gasoline
Official Supplier
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Cut Hybrid Riding Greens Mower

t N A R ] R

el £ = S S SRS
2500E E-Cut Hybrid Gas , 2500E E-Cut
Hybrid Diesel 2500E JHIEE & = SE B HE
£ (5300
3 x 22” || bladed reels 35 22 | R~ J%’ﬂﬁrlﬁ?
62’ width of cut 62”5’%}?1%’%'[ F‘E{ﬂﬁ
Electric Drive Reels vs. Hydraulic 'F%’Erbifl” ==
Removed 102 Leak Points & [ | 02 {FRGH B
Reduction of dba level [ @Pf;éjrﬁ 73 EJ
Up to 30 percent fuel savings & '[>3 0%V 1#*
No battery pack (<% E|] th'.I_T\ LLHJFF R
Height of Cut ( HOC ) .078”(2MM) - 1.25”
(32 mm) HE1HE : 2mm-3.2mm

@ JOHN DEERE GOLF



THANK YOU



