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DESIGNING THREE-WHEEL POWER LADDER

PRINYA KEAWDIAU
PUMMARATE KUKGKONG
SUTHITHUM RATTHANASINCHAI

PICHIT KITTINONT ADVISOR

PRECHANUN SRIKEAW ADVISOR
ABSTRACT

The objective for study a three-wheel power ladder vas learaing
hov to design and contruct the car for carring veight and moving boom

up-down. Futhermore,for study of hydraulic system to comtrol the direc

tion of the car.

The ladder obtains power from engine. Powver are transfered to

hydraulic oil which it wvas supplied to motor hydraulic and cylinder
part. ‘

n A

P

The car ias three vheéls with 2.2 metres inhlelgtﬁ:'l.s létte

ia vidtﬂ and it can lift up to 3 metres. It wvas drivea by tvo rear

vheels.

From the systems of the car,it vas learaing how to vork bet

veen engine and hydraulic‘systéi, vhich ve study it for fiading the

best efficiency and suitable systenm.
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quick disconnect
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variaple displacement
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manual shut oft valve
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on-off vaive (off)
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on-oft vaive (on)
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. check vaive
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pilot operated check valve
(operated to open)
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(operated to close)
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1‘1a'1muquﬁnwnum: two-position, two
D: -‘i— ! 2 fiey 2 AUndd way valve (22 d.c.v.)
Un@tle normally closed
[ 4 -
" qau .
1 a‘:n‘mqum.m 3 "uu two-position, two way valve (d.cv)
! 2 Ay .2 AWK rormally open
Unalle

three-way valve
two-position (372 d.c.v.) normally closed

Mdmunufimmiauy 3 fema
D—__d . 2 dunis Undte

three-way valve two-position (3/2d.c.v.)
normally open
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_tour-way vaive
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five-way vaive [
two-position (512 d.c.v.) ;
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four-way vaive

2 . three-position (4/3 d.c.v.) \
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1'\mmuﬁumm1~xmu ports open in neutral four-way valve !
' mm t Vo4 My 3 Ay three-position (4/3 d.c.v.) k
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D:HEX] 3 AMnd 'uuogaauuanamnu three-position (4/3 d.c.v. )
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relief vaive
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salety valve for pneumatic
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(direct acting type)
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safety vaive for pneumatic
external pilot type
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unloading valve external pilot
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remotely operated
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sequence vaive
directly operated internal pilot
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sequence valve
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external drained
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sequence and check vaive

© . internal pilot
munumuluIauma TTUnl

external drained
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counter balance valve
with integral check
external pilot

internal drained
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unioading relief valve
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pressure reducing valve
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using remote control port
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non compensated
flow control vaive
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pressure compensated
flow control vaive
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pressure compensated
flow control valve
with integral check
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temperature and
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temperature and pressure
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! usiaaT v electric motor
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1
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: wuuldwyss spring loaded ‘
i
-
i
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pressure source
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undsduiagalussuuiiouuén
nIounaIswAN

pressure source
(for pneumatic system)
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filter or strainer
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direction of rotation
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reservoir, vented ‘
’ 1
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reservoir, pressurized \

separator automatic arain I
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filter with water drainer
manual lype

{tor pneumatic system)
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filter with water draines
automatic type
{for pneumatic system)
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Amaasuuy taun
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i.1.1 11a1uuuuna?a Globe valve
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1.1.3  2TRIUBMNIKD LRHIZNUIWUNURITUAUR
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Pilot check valve i 2 uuu Aa
1.3.1 SUUNATTTEUAAANETU

-
1.3.2 WLHUHANTTISUNBATEUBN

1.4 vwaunvuaunﬁnﬂauuu Spool valve
Y
1wa1uuuuuununwutu1ﬁa1taau1uuw1a 1acununntaau1ﬁa1enuiaiaw4q
do 6 di & o
NA2I1RINARBAINY
4 5
1.5 'l'm')ﬁ'lm!u?\dn'\wnuunuuqu ( Rotary spool valve )
'3 '
1.6 11a7aﬁuquﬁdnﬂeuuuuuuuqu ( Rotary plate valve )
4 ' 4 L
1.7 qwanaauguﬁﬁanuuuuuutaau ( Slide valve )
1
& o
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L] ‘ - .: - 3 { o J
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2.1 77821asa21uaYu taun |
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chamber 'wu'uan 1 n'\‘lnu'muu'luu'\aslblrect. -Adting pilot relief poppet . i'wl
dasiin 9 uastﬁuamaﬁuqu Main spring chamber 1MdanTaida
¢ { . od [ ]
2.2 yrav1dian Lﬂunwa1uuuﬂniﬁa iwuﬁ1nnwnﬁ1n1=uawuaawe15un
. 4 ¢ -
2.2.1 nﬂnﬁwntﬂuvﬂa1ﬂaankuau

. w & ¢ o -
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f7U

X ‘u 3 -~ Q'u o4 w - 80
iuiqutasaqan1naawuauuwn1uu1e1uuuaaaanu«vtﬁutauqnuawun11u ATUUIN
1¥r1ui1RuRs (Bending Stress) uasn11§uia (Deflection) idulainfiatun1iasn

- 24 3 04 lo °
uuua1wutﬁuaangatﬁnnunﬁnu&nﬁanaqawu g RIUMUINTHLINURAR (Bending Moment)
ﬁﬁwQQQa R RR A LR RUL LR K]

Tutuuiaagqqa = Me/l
Tanit M fa TuLuuRAA
o A3 graratnunudeiiu (neutral axis)1ude
Wouandn A3l

> ¢ 4 ¥ 4
1 AR THLHURAZTNLABATAIWUN

uuqa
¥ =120, v =40
( EM_ = 0) W(203.8)+v(101.9) = F_#35
: F_ = 815.2 kg.
| F, = 815.2 - 160
= 655.2 kg.
 1TR1)S
(EM_ = 0) W#280 + wk140 = F_%48 | ,
F_ = 816.67 kg. |
F, = 656.67 kg.
AR
(EM_ = 0) W260 + w130 = F_44

F_ = 827.3 kg
F, = 667.3 kg
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aqzun 2.3 tuaaaaenwuuuen 15
ZHc =0 R,(L+55)+F.(L+45)—H.-FGL-FQ(L-25)+F,(L—30)-FT(L-60) =0
UNuUAI

R'(L+35)+867.3(L+45)-827.3(10)-827.3L-30(L-25)—45(L-30)
+25(L-60) = 0

R, (L#55) - 260L + 25355.5 = 0

R, = (260L-25355.5)/(L+55) , R = 260 -R,

4 v ' e . | »
luaaﬂﬂgﬂ'\u“u\"\ 2 3123 nUNLAIY

LM, = 0 R,(L+35) + F,(L+45)- M -F L-F (L-25) + F

™

" (L-30) - F_(L-60) = 0

.
-

unu R'(L+35) + 667.3(L+45)~ 827.3(10)-827.3L-30(L-25)-45(L-30)

+25(L-30)= 0

R,(L+35) - 260L + 25355.5 = 0

R, (280L-25355.5)/ (L+35)

R, 260 - R,
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F, . F, +R,

= £67.3 + [ (260L-25355.8)/(L+35)1
F, = (927.3L - 2000)/(L+35) kg

M_ = F_%45

= 45 [927.3L-2000/(L+35))

= (41728.5L-90000)/L+35 kg.Cn
M, = F_ %10

= 827.3%10

= 8273 . kg.Ca
; sy

e —md

-0

152 em.

- 228 cm. —~——
zl]ﬂ 2.2 UNUATMUARVUADRNTD

1034cm.:

po o —
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- 4
aqzﬂn 2.5

Ed
u

. (41728.5L- 90000)/L+35 - 8273

(33455.5L-379555) /L+35

& {4 <4
ﬁqliﬂu““gﬂ'\u‘n“uuﬂ a1 Hc 'iglﬂ“Tuluuﬂ“ﬂ'\ﬂﬂi‘a

WA L Tan
Lya T Hcll ’
"vd = "1’2

I = bh*/12, C

h/2 , p, = 3415.3 kg/ca’ 1R310N1TNAEBY

(-3
C = 10/2 = 5 ca , LMANNAIIMMUY 0.194 cm .

I = bh®./12 - bh> /121 = [5#10°/12] - [4.612¥9.612°/12]
= 412.67-341.31 = 75.38
7,. = 3415.3/2
= 1707.65 kg.ca’
M=o HL/C
- 1707.65%75.36/5
= 25737.7 kg.cm
M 1
M_ = K A1#(33455.5L-379555) /L+35= 26737.7

33455.5L-25737.7L

379555 + 900819.5
L

(1280374.5)/7717.8
= 166
azi3an L 819 = 170 ca.
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CYLINDER

a(uunn1zuangu)= f(uﬂuunn1u)/p(quauawnn1euangu)

¢ 1 ton # 2204 1bs )/500 1lb/in"

4.408 in”
d=t§uﬁnu§u§na1cn1suangu

( a/0.7854 )'’*®

d(n1suangu)

( 4.408/0.7854 ) ’°

2.369 in

3n p=f/a , f «a 8

& - [V &
AMWULTIINLED 172 /27417727880

N dv X 4
uunnwugu 1/2 uunﬂszuangu

172 % 1 ((2.5)7)/4

2.45

o
u

( a )

rod rod/0.708B4

(2.45/0.7854 )

‘1.766 in

4 .
asruansuniess d_ . =1.75 in
. . rod

gr1an17Ina

6 *¥a(in®) #*v(m/sec)

6 #( ¥ (2.5%2.54)") 7445410 "
0.95 1/min

i
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MOTOR HYDRAULIC

> v
UMUNTH + UIMUNAYU

1}

500 kg.

.: [ Y] v e v
umunadaany 2 aa

0.7 # 500
= 350 kg.
resistance(#za) = pkng
= 0.3%¥500%9.81
= 1472

4, .
WTeNINTEA (NBULIA s1ip ) = 0.85 # 350 ¥9.81

= 2918 n.
| torque required at drive wheel
= force % radius
= 1472 % (0.45/2)
= 331.2 n.m '
torque per wheel = 331.2/2

= 166 n.nm.

(280 motor 3INATTTY 1AUUY m3

4 e
039473 = 4 km/h , wheel diameter = 0.45 ».

vheel speed (4 ¥10°)/(BO¥T#0.45)

47.16

310 a3 1a volume efficiency = 97% 1R pressure = 46 bar



-41-

Torque — Speed Overall efficiency mno

Overall efficiency — Speed Volumetric efficiency — Speed

Pressure 969

Torque . _ difference |94% o
(Nm) -+—e= Overall

1600 - 40kW . efficiency mno (bar) 300F 98%

1400 (‘T::\MS bar

1200 -(lﬁa%—-‘,—gm bar @ 200 98.5%
1000 /1% s,

200 kF 92%/ 207 bar

[}
600 ph——loe il 25 135 1, 100} 99"'
a0\ /s 90% 8505” gow” '
200 TS ~— 69 bar

b

g 1 : i
{100 200 300 400 500 600 100200300400500600
Speed (rev/min)

Speed (rev/min)

3
-

M3 M6 M10

Capacity[rev 280 558 u”n
Max. pressure (Continuous) (bar) 240 240 207
Max. pressure (Peak) (bar) i 348 345 348
< Max. speed (rev/min) 600 500 400
Max. speed (Free-wheeling) (sev/min) 1200 1000 800
Man. power (kW) 40 60 80
*Torque *
(Nm) 60 kW
3000 =345 bar
;7 94'/o \ \ Pressure
L90e diff
2500 /(f_—_l\“‘) 276 bar (t:a:)rc:;; 95% 96'/'0
) \
2000 / | N/ o8
£
LT 7N 207 bar “!b
1500 -, ] 94 ‘)( 2oo
\
2 N
1000 (!—__/'%\N 138 bar
7/
| 20% o 100 |
500 % , 69 bar
' k/:/ -1 /l' 1 Jd J
100 200 300 400 500 200300400500
Speed (rev/min) Speed (rev/min)
Torque Pressure
(Nm) difference
L 80 kW b 400
000 90% Vs 96%s 97%
6000 345 bar

\ 98%

300
5000 ?# 9;% T 276 bar 997
4000 ¢ H“‘+207 bar

3000
2000 fi 95q5 \\338 bar
\

000 80% 100 1
/ / 69 bar
l ~ / '

100 200 300 400
Speed (rev/min)

e

100 200 300
Speed (rev/min)

<4
A1719N 3.1 ua‘awamaé‘tla‘xaia 3 uuu
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flow rate = ( motor capacity # speed)/volumetic efficiency)
= (0.28% 47.16)/0.97
= 17 1/ain

total flow = 17#2
= 34 1/min

pgwer(kw) = {(frow rate ¥ pressure)/600
= ( 34 ¥ (46+2+2))/600
= 2.83 kw.

0.746 kw. = 1 hp.

2.83 kw. = 2.83/0.746 =3.79 hp.

overall efficiency =0.9

input power = 3.79/0.9

4.22 hp.

HYDRAULIC LINE

pressure of cylinder = 500 psi
pressure of motorhydraulic = ((46+2+2)%14.223)/0.981
= 725 psi
total pressure = 725 + 500
= 1225 psi

-~ 4 [
tRent¥datgaTadn NnuAIwMAIR 2000 psi
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