—_— hydraulics

PRESSURE REDUCING
VALVE SERIES

Smart Pressure Control for Reliable Hydraulic Systems

Excellent Pressure Control from 0 to 420 bar

Direct-Acting Type, Low Leakage
Pilot-Operated High Flow Up to 320 LPM

Compact Design, Flange Mounted Type
Patent Design Near-Zero Internal Leakage

1
! |

Master the Pressure. Perfect the Flow.
Advanced Pressure Management Solutions for the Modern Circuit.




»m Screw-In Pressure Reducing Valves and Reducing/ Relieving Valves Overview

Series
Code

Symbols

Description

Rated Flow

Rated Inlet
Pressure

Features

Direct-Acting

@

(Poppet Type)

Direct-Acting
Proportional

? ¥ Direct-Acting . E!?gbhuigﬁf:;ﬁ:;il?tolerance
PD 5 Reducing/Relieving Up to 320 LPM 350 bar . ]
\ D @ : D | vawe (Spool Type) - No p!lot flow required
Lt L - Low internal leakage
Direct-Acting + Near-zero internal leakage
PG Reducing Valve 30 LPM 350 bar | - With thermal relief
(Poppet Type) + Optimized, patented design
+ Near-zero internal leakage
Direct-Acting + No drain line required
PF Reducing Valve 30 LPM 350 bar | - Long-term pressure-holding

applications may gradually rise
over time

- Low pressure at no command

©J©)

Valve

Pilot-Operated

PPD . Lo 20LPM 350 bar |- Low internal leakage
Reducing/Relieving Optimized, patented design
Valve P P 9
Direct-Actin
:L 4 P;oportionlalg - High pressure at no command
— T .
PP X 20 LPM 350 bar | - Low internal leakage
© M Tt T‘T\\ — Reducing/Relieving W 9

+ Optimized, patented design

Pilot-Operated

+ Lower pressure variation with flow
changes

Valve with External
Drain

PP Reducing/Relieving Up to 320 LPM 350 bar | - Reduced pressure override
o) - @ Valve . S.table pressur@j f:ontrol under
Ll high-flow conditions
é_"_—@ - Non-relieving design
) + High flow capacity
Pilot-Operated
PB Reduci: Valve Up to 320 LPM 350 bar | - Stable pressure control
@ N ©) 9 - Can be used as a pressure
n compensator
r—
i %' Pilot-Operated * High flow capacity
i [ @ ' - Stable pressure control
PV | : Ventable Reducing/ Upto 320 LPM | 350 bar P
— Relieving Valve - Vent port for remote pressure
Q—=Kk—O control
[
______ -@ i - External drain port minimizes
Pilot-Operated ]
Reducing/Relievin back-pressure influence
PW 9 g Up to 320 LPM 350 bar |- Port 4 allows external pilot control

to increase the reduced pressure
setting
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»m Model Numbering
Direct-Acting Reducing and Reducing/Relieving Valve Encoding Principle

X Y y4
_ _ _ Last digit reserved for special
PD 08w _‘T_ _(|)_ _? _I|'_ I:I customer specifications
PD Direct-acting reducing / 0 Standard type with closed L Leakproof hex socket screw
relieving valve transition
T | Three-winged handknob kit
To order the direct-acting 2 Compact spool design
reducing valve configuration, K Handknob with lock knob
specify X = 3J .
8 Standard type with open
transition c Stainless steel tamper resistant
cover
Reducing function without relief
J g(cjlriap:efsg:tsoer)as a pressure Leakproof hex socket screw with
) LP | stainless steel external metal
W series components
S Low flow smaller spool type
08W | 3/4"-16UNF design
. Stainless steel tamper resistant
10W | 7/8"-14UNF CP | cover with stainless steel
external metal components
10WD | 7/8"-14UNF
M series (Metric) Adjustment Ranges BA | Handknob with aluminum locknut
20M | M20x 1.5
29M | M22 x 1.5 A | Up to 210 bar KF | Handknob with panel mount
i Up to 105 bar / N | Non-adjustable
5 SIS B | Upto 83 bar (X=32)/ :
Symbol
1A | M20x 15 p |YptoS5hbar/
Up to 42 bar (X=32)
2A | 1"-14UNS ® i
Up to 28 bar / é’
Up to 25 bar (X=38) @O—t—0 @ N 0
19A | M48 x 2.0 L Lomes
K | Upto152bar (X=32) / Direct-acting reducing / Direct-acting reducing
21A | M20x 1.5 Up to 140 bar (X=38) relieving valve valve
29A | 1"-14UNS H | Up to 210 bar ®
S Up to 14 bar / %
Up to 10 bar (X=32) @ | —
Port Number W | Up to 315 bar Direct-acting fixed setting
3 3-port configuration Fixed Setting reducing/relieving valve
4 | 4-port configuration 030 | 25 - 30 bar (Z=N only) % _____ @
040 | 35 - 40 bar (Z=N only) % <. @

Direct-acting reducing/relieving
valve with external drain

I\, _WINNER HYDRAULICS - 1993




»m Model Numbering
Direct-Acting Reducing and Reducing/Relieving Valve Encoding Principle

X

]

_ I:I Last digit reserved for special
customer specifications

Z
L
T

Y
A
T

Operation

Model Type

Direct-acting poppet-type
PG | reducing valve with thermal
relief

Standard type with relief L | Leakproof hex socket screw

function

K Handknob with lock knob

Stainless steel tamper
resistant cover

11A | M20x 15 A | Up to 210 bar Symbol > Patent <

Design

E | Upto 28 bar

@
O e
Port Number W | Up to 315 bar M .
i UG TA
3 | 3-port configuration - L_-% ﬁyw\f”
oo I
@6

PG series direct-acting
reducing valve with thermal relief

Last digit reserved for special
customer specifications

Model Type Operation
PE Direct.—acting poppet-type Reducing valve without L | Leakproof hex socket screw
reducing valve relief function
K | Handknob with lock knob
c Stainless steel tamper
resistant cover
11A | M20x 1.5 A Up to 210 bar
Symbol
E | Upto 28 bar
Port Number W | Up to 315 bar @
—_— ®4 o
3 | 3-port configuration % I N
L“g A
Ly PPV
©) — O S
— )
) @0

PF series direct-acting reducing valve
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»m Model Numbering
Direct-Acting Proportional Reducing/Relieving Valve Encoding Principle

X Y y4
PPD - 11A - 3D_ 0090_ P -74 - Last digit reserved for special

customer specifications
T L

Model Type

Operation

Electro-proportional,
direct-acting pressure
reducing/relieving valve;
improved dynamic response,
low pressure with no command

22-watt caoil, N Non-adjustable
?19 mm tube

P Push style manual override

Rated Pressure

1A | M20x 1.5 0090 |1-9bar

0180 |1-18 bar

Port Number 0350 | 1- 35 bar

3 | 3-port configuration 0800 | 2-80bar

1000 |10 - 100 bar

1500 |10 - 150 bar

2100 | 20 - 210 bar

3500 | 35-350 bar

@ @ _Recommend Reduced Pressure Range._,
- 420— ! ¢ Y=3500
' . ol -~
AT R B 8 a0 —-
| SO | I— s
- a N\ E va ® 300 |y Y=2100
T 1l THH O TS 5 ~
B 1 B 1 & 240 —? /Y:L’SOO
L LA
@® @ ® 2 180 /’ =] 5 Y=1000
3 120 L —T|_-=="] yY=0800
S © Lt V=035
PPD series with PPD series with E o | == Y=0180
suffix -74-1 suffix -74-3 @4V 100 200 800 40 50 e 750 00

(12v) 200 400 600 800 1000 1200 1500
Command Current, mA

PPD series command current vs reduced pressure curve
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»m Model Numbering

Direct-Acting Proportional Reducing/Relieving Valve Encoding Principle

PPC - 11A -

[

Model Type

Electro-proportional, direct-
acting pressure reducing/

PPC | relieving valve; improved
dynamic response, high pressure
setting with no command

1A | M20x 1.5

? Patent
9 Design

X Y Z
3D- 0070- L -74 - Last digit reserved for special

customer specifications

Operation

22-watt caoil, L Leakproof hex socket screw
?19 mm tube

Rated Pressure

0070 |7 -1bar

0090 | 9-1 bar

Port Number

3 | 3-port configuration

®

B
i
I

@®

PPC series

18 - 1 bar*/
0180 18 - 1.8 bar
35-1bar*/
0350 35-1.5bar
80 - 2 bar*/
0800 80 - 5 bar

1000 | 100 - 10 bar

1500 | 150 - 10 bar

2100 | 210 - 20 bar

3500 | 350 - 35 bar

* with suffix -74-1

Performance Curve

_Recommend Reduced Pressure Range_,
- ]

Y3500\ 420 —~
9

—_ 360 8
o

Y:2100 300 2
"

Y1500\ N | 208
Y:1000 180 &~
Y:OSOO\—*\ 3
Y:OSSO\\:\\ 120 9
Y:0180 \\E oy 60 ©
Y:0070 — P

(24V)0 100 200 300 400 500 600 750

(12v) 0 200 400 600 800 1000 1200 1500
Command Current, mA

PPC series command current vs reduced pressure curve
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»m Model Numbering

Pilot-Operated Reducing and Reducing/Relieving Valve Encoding Principle

PP

PP - 163A

Model Type

Pilot-operated
reducing/relieving valve

PB

Pilot-operated reducing
valve

PV

Pilot-operated, ventable
reducing/relieving valve

PW

Pilot-operated
reducing/relieving valve
with external drain

X

yA

-

Last digit reserved for special
customer specifications

—> |<

30
I'L

M series (Metric)
22M | M22x15
W series
08W | 3/4"-16UNF
10W | 7/8"-14UNF
A series
163A [ M16x 15
11A M20 x 1.5
2A | 1"-14UNS
17A | M36x2.0
19A M48 x 2.0
21A | M20x 1.5
22A | 1"-14UNS
23A | M36x20
24A | M48x2.0

Port Number

3

3-port configuration

4

4-port configuration

Operation

0 | Standard type

Very good pressure control,
improve dynamic response

Impact resistant type without
filter

6 | Integral body design

Spring

(recommended pressure drop)

Up to 420 bar,
test at 420 bar inlet pressure

* | Up to 315 bar,
test at 350 bar inlet pressure

* | Up to 210 bar,
test at 350 bar inlet pressure

Up to 210 bar,

G test at 280 bar inlet pressure
H Up to 210 bar,

test at 210 bar inlet pressure
K Up to 105 bar,

max. differential 230 bar

* | Up to 105 bar,
max. differential 210 bar

Up to 105 bar,
max. differential 140 bar

* | Up to 55 bar,

N max. differential 210 bar
D Up to 55 bar,

max. differential 140 bar
Q * | Up to 28 bar,

max. differential 210 bar
P Up to 28 bar,

max. differential 180 bar
E Up to 28 bar,

max. differential 140 bar
F Up to 28 bar,

max. differential 120 bar
S Up to 14 bar,

max. differential 140 bar

* Recommended Options

L Leakproof hex socket screw

K Handknob with lock knob

T | Three-winged handknob kit

Stainless steel tamper
resistant cover

G Wrench adjustment

Leakproof hex socket screw
LP | with stainless steel external
metal components

Leakproof hex socket screw

LF with panel mount

Stainless steel tamper
resistant cover with

cp stainless steel external metal
components
BA Handknob with aluminum

locknut

KF | Handknob with panel mount

N Non-adjustable

) %ﬂnn@
S | @ —
) =0 RN
LoJ [
PP series pilot-operated PB series pilot-operated
reducing/relieving valve reducing valve

[

@ —+—] @—]
Ot k—0® otk 0

T
I I
|___JI |

PV pilot-operated, PW series pilot-operated,
ventable reducing/relieving reducing/relieving valve
valve with external drain

Spring and pressure specifications are for reference only and are subject to change without notice. For further details, please visit the Winner website.
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»m Model Numbering

Pilot-Operated Reducing/Relieving Proportional Valve Encoding Principle

X
o8w - 3C -

P I

PPP -

Model Type Port Number

Pilot-operated, 3 | 3-ports
proportional pressure

reducing/relieving valve

BT

08W | 3/4"-16UNF

26-watt coil,
@216 mm tube

10W

7/8"-14UNF

Tank
@ — s
Inlet L__J Reduced
Pressure
X
PPP - 08W - 3C -

Model Type

Pilot-operated,
proportional pressure

Y Z

A - L

Last digit reserved for special

- _lA_ - I:Icustomerspecifications

T

High Pressure Adjustment Ranges
(Recommended Pressure Range)

Pressure-
decreasing type.

W | 350 - 210 bar

210 - 105 bar

105 - 55 bar

Leakproof hex
socket screw

| w| >

55-20 bar

Performance Curve

Pressure adjustment characteristics (Y=A)

psifbar at Q=7 LPM/1.85 US gpm (static)
5076/350 I

4061/280)

0461210 21 Olbc:r etting
“"‘\ﬂ_/ 10p bay Setthg

2030/140
—
1015/70) “'—{
0 =
(24V) 100 200 300 400 500 600 700 750

(12V] 200 400 600 800 1000 1200 1400 1500
140H2  Command Current, mA @

Pressure

reducing/relieving valve

26-watt coil,

_ I:I Last digit reserved for special
customer specifications

Control Pressure Ranges

(Recommended Pressure Range) p
ressure-

increasing type.

W | Up to 350 bar

Up to 210 bar

oo

Up to 150 bar
N | Non-adjustable

Up to 105 bar

@16 mm tube
08W | 3/4"-16UNF
10W | 7/8"-14UNF
Symbol
[ Tg?k @
@ +— @ o
et Lol Rkl 2O

WINNER HYDRAULICS - 1993

Push style manual
override

Performance Curve

Pressure adjustment characteristics (Y=A)

psifbar at Q=7 LPM/1.85 US gpm (static)
5076350

4061/280

S 3046/210
© 2030/140
1015/70

O|wm | X | >

Up to 50 bar

re

;‘

SS

P

0
(24V) 100 200 300 400 500 600 700 750
(12v) 200 400 6400 800 1000 1200 1400 1500

140Hz - Command Current, mA @

v




»m How to Select a High-Flow Proportional Valve

For pilot-operated proportional reducing/relieving control, we also provide customized assemblies. You can
order the PP, PB, or PW series with an integral 8A-2 control cavity, which pairs separately with specified
proportional pilot relief valves, such as the PRB-8A-2C or PRA-8A-2C series. For model numbering, please
refer to the next page.

Pilot Element: PRB-8A-2C-Y-Z [ PRA-8A-2C-Y-Z
Solenoid Coil: EC-16B-260-H-Z (Ordered separately)

<
Rinaw
]
§':5% )
>
T -
]
X-szﬁ
wit M
S M
‘{"ﬂ =
° °
o0 o0
v 200 0000
0000 0000
v 200 o000
o0 o0
° °

Assembled as a high-flow
proportional reducing/relieving valve

Main Valve: PP-17A-X-Y-8
(Integral with 8A-2 control cavity)

\\\\\ WINNER HYDRAULICS - 1993




»m Model Numbering

Pilot-Operated Reducing/Relieving Valve,
Main Stage with Integral 8A Control Cavity Encoding Principle

X

Last digit reserved for special
customer specifications

PP - 17A - 3
S

Model Type Port Number Spring
(minimum control pressure)

9_ -

—Ho |<
1
(o]
1

Pilot-operated reducing/relieving 3 3-port configuration ]

PP | valve, main stage with integral 8A D | 1.7 bar (25 psi)
control cavity 4 | 4-port configuration

W |7 bar (100 psi)

Pilot-operated reducing valve,
PB | main stage with integral 8A control
cavity P

0 | Standard type, low leakage

Pilot-operated reducing/relieving
PW | valve, main stage with integral 8A
control cavity

Very good pressure control,
improved dynamic response

Impact resistant type, low
5 . :
“ coteoe wihon e

A series (PP/ PB)

1A M20 x 1.5

2A 1"-14UNS

17A M36 x 2.0

19A M48 x 2.0

A series (PW)

21A M20 x 1.5

22A 1"-14UNS

23A M36 x 2.0

24A M48 x 2.0

©) —ew @
_____ ;\4@@ Tank __>ir( CZ.-@ ,:3‘@__________)7

-— 4
( |
X 3 X
@——t= @ @ —r p—
Inlet r Reduced — | Reduced @ y @
- Pressure Pressure L
PP series with 8A-2 PB series with 8A-2 PW series with 8A-2
control cavity control cavity control cavity

B o WINNER HYDRAULICS - 1993 /7777 A




»m Model Numbering

Pilot Capacity Proportional Relief Valve Encoding Principle

Last digit reserved for special
customer specifications

—o |<
z

—> [X

2C

Pilot capacity, c 26-watt coil, N [Non-adjustable
standard direct-acting @16 mm tube
proportional relief valve,
low-pressure at no command.
(Pressure-increasing type)

Manual control
M | adjustment screw
(emergency or test only)

22-watt coil,
19 mm tube

Push style manual

P .
Control Pressure Ranges override
. (Recommended Pressure Range)
W series
08W | 3/4"-16UNF Up to 210 bar,
A | best proportional pressure
A series control range 20 - 210 bar
8A M16 x 1.5 Up to 105 bar,

B |best proportional pressure
control range 10.5 - 105 bar

Up to 50 bar,
D |best proportional pressure
control range 3.5 - 50 bar

Port Number

2 2-port configuration

Up to 150 bar,
K | best proportional pressure
control range 10 - 150 bar

Up to 20 bar,
S |best proportional pressure
control range 3.5 - 20 bar

Up to 350 bar,
W | best proportional pressure
control range 35 - 350 bar

psi/bar Pressure Differential vs. Flow (Y=A) Pressure vs Command (Y=A)
5076/350 psi/oar 0.4 LPM/0.11 US gpm Inlet flow
5076/350,
— 0 4061/280
r SR o 4081/280
;
@ 4 | @ gsom/zlo §3046/2]0 — P
- @ 2030/140 8 2050/140 —
T \ 2 a //
| ! o 1015/70 1015/70]
L1 o "
0 1 2 3 4 I/min  (24V} 100 200 300 400 500 600 700 750
0.26 053 079 106 USgpm (12V) 200 400 600 800 1000 1200 1400 1500
Flow-Q ] M40Hz  Command Current, mA @
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Model Numbering
Pilot Capacity Proportional

PRA

08w

Relief Valve Encoding Principle

Model Type

Pilot capacity,

inverse direct-acting
proportional relief valve,
high-pressure at no command.
(Pressure-decreasing type)

X Y y4
_ Last digit reserved for special
2C A - D - - customer specifications
[
Operation
c 26-watt coil, L Leakproof hex socket
©16 mm tube screw
D 22-watt coil,
?19 mm tube

W series
08W | 3/4"-16UNF
A series
8A | M16x 1.5

High Pressure Adjustment Ranges

(Recommended Pressure Range)

A | 210 - 105 bar
B | 105 - 55 bar
D |55-20bar
W | 350 - 210 bar

Port Number

2-port configuration

F——————-e

Performance Curve

psifbar Pressure Differential vs. Flow (Y=A) Pressure vs Command (Y=A)

5076/350 osifbar 0.4 LPM/0.11 US gpm Inlet flow
5076/350
o Z10|bar Setting
< “oerszee ____._—_-—-'" 4061/280| /
& 3046/210 — p
5 5 3046/210 - -
105 Set
2 2030/140 & 20201140 areyrng
9 —" & —
a 1015/70 1015/70 ~
0 —
0 1 2 3 4 Ifmin  [24V) 100 200 300 400 500 600 700 750
0.26 0.53 0.79 106 USgpm [(12V] 200 400 400 800 100 1200 1400 1500
Flow-Q ® 140Hz - Command Current, mA @
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"= Product Introduction ? Patent
. . . . . 9 Design
Flange Mounted Direct-Acting Proportional Reducing/Relieving Valve

<

Features

The PPD16NA and PPD19NA feature Winner's proprietary patented design with an independent coil
structure. Designed as flange-mounted cartridge valves, they offer a rated inlet pressure of 350 bar and a

maximum operating pressure of up to 420 bar. With a rated flow of 16 LPM. These valves accommodate
high flow capacities while maintaining exceptionally stable pressure control.

Cavity: 19NA-3

43.9+0.1
O o 0.02[A 2 ;
00 $22.58:0.15 '—‘
[G]¢ 002[A} D19 F7 (a2, [c s/ (LJo.a]A]
UeT W2 l T L l
I3 0] /) L T 151
2| 9 2x0. ' -
jad = S| .o ©
2xM4x0.7-6H ® Q\ Na 3 E ae
| @6:0.1 cil &l o i
0P 1| — 8| = 2
1.6 5 2
¢ ] 8 Detail view C
o 1 23 -
@ ?é 1
E—N !

| -

PéE+0.1 v
o 1.6, o
51 4 , 3

Detail view E

Detail view D

UNIT:mm

Cavity: 16NA-3

©fo 0.02[ Al 43.9:0.1 s
i | ~c gy deia
L | 9w
S gkzxo,sc | ﬁ) [T K _i
. . -
| D :' : cl
200607-6H,| |, A1 Ny $4.210.1 =3
: 2
1/ /B [T~242:00
& .
P28 2
|®| ©4.2:0.1
(Al | I ERTT Y RO.15-R0.25
A - - @15.1 HB 95
-~

Detail view D Detail view E Detail view C

UNIT:mm

PPD19NA3B0O350N—FDN
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»m Model Numbering

Flange Mounted Direct-Acting Proportional Reducing/Relieving Valve Encoding Principle

Last digit reserved for special
customer specifications

N - [

X Y y4

PPD - 19NA - 3B - 0350 - N -
[L— L
Model Type Operation

PPD

Flange mounted slip-in
cartridge type, electro-
proportional direct-acting
pressure reducing/relieving
valve; improved dynamic
response, low pressure with
no command

B S13 coil, @16 mm tube

Rated Reducing/Relieving

Pressure Range
(at maximum command)

F | DEUTSCH DT04-2P

B | AMP JUNIOR

D |24vDC

E |12vDC

0350 | Upto 35 bar
Cavity 0270 | Upto 27 bar
(max. diameter) 0230 | Up to 23 bar
19NA [ 19.0 - 19.99 mm

Port Number

3 | 3-port configuration

N Non-adjustable
Push style manual
P .
override
Manual control
M | adjustment screw
(emergency or test only)

@

e 1
T %
TNT Tl THH
L

@B

Performance Curve

psi/bar Pressure vs Command
725/50
4| =
0 580/40 §e |, Y=0350
% 435/30 /§/‘/Yz0270
$ 290720 ¥~Y=0230
145/10 Z/
0 -/
(24V) 100 200 300 400 500 400 700 750
(12V) 200 400 400 800 1000 1200 1400 1500

B 13

Command Current, mA

Without connector

PPD19NA3B0350N—BDN
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mm  Accessories

Coil and Control Option

P Coils

EC19A (Coil D)

I.D. @19 x H49.3mm / O.D. @37.8mm

-

AMP JUNIOR

S (SN (eI RS |.D. @16.1 x H50.2 mm / O.D. @39 mm

AMP JUNIOR

AN (ofTIR:)M |.D. §16.1 x H36.3 mm / O.D. @32 mm

*

AMP JUNIOR

P Control Options

i

Leakproof hex
socket screw
(code L)

T

Manual control
adjustment screw
(code M)

DEUTSCH DT04-2P

DEUTSCH DT04-2P

DEUTSCH DT04-2P

Hltig 1]

[T

i

Handknob with
lock knob
(code K)

Three-winged

handknob kit
(code T)

1T

(FTRTETAA

=

Push style manual
override
(code P)

locknut
(code BA)

WINNER HYDRAULICS

A\

o

METRIPACK SERIES 150-2M

Handknob and aluminum

AMP SUPERSEAL

Stainless steel tamper
resistant cover
(code C)

mount
(code KF)

- 1993

Handknob with panel

Wrench adjustment
(code G)

with lockwire
(code LC)

Leakproof hex socket
screw with steel cap

14 AR



r Precision:

inner Hydraulics

Since 1993, Winner Hydraulics Corp. ha
innovation, based in the heart of Taiwan's

optimizing a mobile braking system, designin€
requiring a custom-engineered solution, the Win

your project.

v Global Reliability:

WINNERcoat® zinc-nickel plating targets
1,000-hour salt spray resistance (NFPA T2.6.1).
Every unit is function-tested prior to shipment —
zero exceptions.

V| Streamlined Integration:

Our comprehensive digital catalog including 3D
CAD models—allows you to move from design to
deployment faster than ever before.

@ +886-4-7865118
© +886-4-7873915
@ sales@winnerhyd.com

tms www.winnerhydraulics.com

\/ Precision

From near-zero-leakat
reducing/relieving valve
series for extreme low-press
approaching 0 bar, we provide
your circuits demand.

v Three Decades of Engineering:

Heat-treated, precision-ground internals and
validated manufacturing processes maintain
predictable

pressure response curves across temperature
and over the full service life of every cartridge.




