Exercise 5 Lifting
pp:=100-10° . Pa

D:=0.032-m
d:=0.020-m

U:=2
m:=100-1-kg

T
AA::Z-DZ

AB::AA_%'dZ

40.#_
min

Kvax = 2
\/35.10° -Pa

U

KvaLve i=—=*

K
10 MAX

F::m.g
pp=(1-10") Pa

Piston velocity, method 1

Pump pressure

Cylinder diameter
Rod diameter

Valve command voltage [V]
LOAD mass ON/OFF (0/1)

A,=(8.042.107%) m?

Ag=(4.901.107%) m?

7
3
Kyax= (3.563:107) 1

kg °

Kyave = (7.127.107¢) 1
kg?

Maximum lifting force - without
movement -> pressure losses in
valve

Pp-As—F

Vi1:=
N

2 2
KVALVE KVA LVE

Piston velocity, method 2

Vo (pP *Ap- F> : KVALVE2
1.2=

Piston velocity, method 2.1

2 [(Pp+Aa—F)

Vi=KyaLve® 3 3
A" +AR

.AB3

Pp+Ax=(8.04248.10°) N

v,,=0237 1
S
v,=0.237
S
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Qupai=V1+Ap

3
Qupa = (1.907-107) mT

OveT:=V1*Ag

3

auer = (1.162.107%) M

S
Pa:=Pp=——50Uwpa
VALVE
1 2
Pgi=————0UwBT
KvaLve

PLipri=F-v;
Ppa:=0ypa* APpa

Pgr:=0vgT*Ps

Ppump i =Pp*Qvpa

Qupa=11.443

min

QveT =6.973 —
min

1 2
Apppi=———5"0ypa
VALVE

pa=28.396 bar

pg=26.589 bar

P e =232.543 W
Ppa=1.366 kW

Pgr=2309.002 W

Kuax = (3.563.1077) T
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Exercise 6

Pp-Ag+F
2= 1 1
2 Ax® +72'A53
KvaLve KvaLve F=980.665 N
m . .
v,=0.216 — or with (-= sign)
S
OvaT:=V2*Aa |
Quat =10.443 —
min
Ovpe =V2*Ag I
Qvpe =6.363 —
min
1 2
Pai=————FAvat
KvaLve
pa=59.636 bar
2
Pe=Pp=——50ws
VALVE
pg=77.855 bar
Power usage
PLower=F+V;
Ppump :=Pp*Ovpa
1
Ppg:= quB'iz'quBz
VALVE
Pat:=0yaT*Pa (with tank pressure 0)

P,r=1.038 kW
Ppg=234.869 W
PLower=212.222 W

Pouyp = 1.061 KW
Ppump +PLower =1.273 kKW

Par+Ppg=1.273 KW
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Exercise 7

0.45.—
K min_
50.10° - Pa

o= pa=P

A° 2 B* 2

Qua:=K- <pP = pA>

dve :=0dva
OQuaTt:=0va
OveT:=0va

Qvp:=0yat0vg

Ppa:=0va* (Pp—Pa)
Ppg:=0yg* (Pp—Pg)
Pari=0yar- (Pa=0)
Per=0ygr* (Pe - 0)
Pp:=0yp+Pp

F:=pa-Aa—Pg-Ag

4
K=(15.10"%) M ‘%

Gua=0.45

min

gyg=0.45

min

Quat=0.45

min

Oyt =0.45 —
min

0yp=0.9 —
min

pa=50 bar

pg =50 bar

Pps=37.5 W

Pps=37.5 W

Par=375W

Pgr=37.5 W

Pp=150 W

F=1.571 kN
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Exercise 8

An
Pe=——"Pa

Ag
Qvpa=V:Ap+0yar
Qvpe=—V:Ag+0QypT
K'<pP_pA> =V-Ap+K.py
K'<pP_pB> =-Vv-Ag+K-pg

Kepp=V:Ap+2:K:pa

Kepp=-V:Ag+2:K:pg
v K-pp 1 2:K:pa
AA AA

-K:pp  2:K-pg
V= +
AB AB

K-pp | 2:Kepa _ _K'pP+ 2:-K-pg
An An Ag Ag

An Ag’ Axn  Ag
1 1
M SOl
Axn Ag
Pa= 1 *Pp
2 |—+—2
A Ag

Pai= 2 AZAA Pp
A
P = Ag Pa

cylinder force balance

A side continuity equation

B side continuity equation

flow rates with orifice equations, A side
flow rates with orifice equations, B side
flow rates with orifice equations, A side
flow rates with orifice equations, B side

velocity with A side pressure

velocity with B side pressure

1 AA2 +Ap-Ag
Ppoi=/re——F———"

2 ACZHAR? 7

Pg>=58.679 bar
pa=35.758 bar

pg =58.679 bar
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AQveT=K-+pPg

m3

Guat = (8.802:107°) —

Quat:=K+pa

3
Quar=(5.364-107°) mT

Qupa =K <pp = pA> I

Qvpa=0.578 —
min

Qvpe = K- <pP - pB>
I
min

Ova:=0vpa — QuaT Oypg =0.372

__ qvA

Vpi=
A Quat =0.322 '

v,=0.005 L min
s
|

min

Ove:=0veT — UvPB Oyt =0.528

— qu

VB H
AB

Qvp :=0vpa T dvrB I
0 Gp=0.95 —

gyp+60000=0.95 — min
S

pa=35.758 bar

pg=58.679 bar

Ppai=0ypa® <pP = pA>
Ppa=61.906 W

Ppg:=0yps* <pP - pB>
Ppg=25.611 W
pr:=0-Pa

Par:=0yat* <pA = pT>
Por=19.179 W

Pgr:=dvgT* <pB = pT>
Pgr=51.648 W

Pp:=0Qyp- <pP = pT> ST
P h— .

vg=0.00531 %
S
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Check! What if the cylinder areas are the same

Ag:=Ap

Pa:= 2 T AZA Pp
An
Pg:=—*Pa pa=50 bar
Ag
pg =50 bar
QveT=K-pg
3
ey M
OveT— <75 <10 6> T
Ovat:=K+pa
3
e\ M
Guar=(7.5-107°) ——
Qupa =K <pp = pA> !
Ovpa=0.45 =
Qupg =K- (pp = pB>
I
Ova =0vpa — QvaT Qypg=0.45 ——
min
Ve Qva
o=
ArA}l Quat =0.45 I_
Vpo=0 — min
S
I
Ove =dveT ~ Ovre QyeT=0.45 —
min
._ Ove
Bi=
Ag
Qvp *=0vpa T dvre |
m3 Qvp= 0.9 =
qyp+60000=0.9 — min
S
pa=50 bar
pg =50 bar
Ppa:=0vpa* <pP = pA>
Ppa=37.5 W
Ppg:=0ypp* <pP = pg)
Ppg=37.5W
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pT::O'Pa

Par:=0yat* <pA = pT>

P,r=37.5 W
Pgr:=dygT* <pB = pT>
Pgr=37.5 W
Pp:=0Qyp- <pP_ pT>
Pp=150 W 1
vg=0 %
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