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THREE-WHEEL POWER LADDER CONTROL SYSTEM DESIGN
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This thesis is an application of a three-wheel power ladder to develope its
¢ontrol system.

The first part ,the ladder obtains power from engine.Power are transfered to
hydraulic oil supplied to cylinder part.. Its working is controled by 4/3 direction control value

center closed type.

For the other part,hydraulic power are transfered to hydraulic motor to drive
two rear wheels,the control equipment is 4/3 direction control value sclenoid relay. The whole

working of power ladder are generated by the engine,hydraulic and electrical systems.
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11INNINTuee

fn 18R
Q= AVnauwﬁq
= (4.909 x 166.054) / 231
= 3.529 GPM
& 4 GPM
NAITN 8.9
TNEWIR 174, 38 in ivsiusasinlna 8 GPM

< A Y ¢ !
151941'&1301%7]11'3‘“1”9\ 1/4 in
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A ¢ o
[onvuIANalannnuauy

Sasams Inavestly 1.8 GPM
sahumnm 89
vwagndrfimuzanldun 1/6 in
mnemg uAvIIagaInan denldvung 1/4 in unznafiefiresinil iy
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1/4 in
& ¥
8.100nUIIANENIS
9 3 4
YUIANBEA fiufl = (GPM x 0.3208) 7 anusahiiy
(VINATN STV ASUAI 2 fifs ) = (2417 x 0.3208) /2
= 0388 in’

1NMTN 5.8 180N 19U UANBNIATITIU Schedule 40
< { 4 o o 2
Rosannnusivaaniely 0533 in
sns1lualuve 3.3 GPM
NUNUANNS T
X d
V = (GEM x 0.3208) / ftu#
= (3.3 x 0.3208) / 0.533

= 1.99 ft/s

1 4
@ -

Auiu SufienldvegauuianonIasigIu Schedule 40 YUIATEY 6/8 in
YHIANDANNAY
g Py o o’ o
WUN = (GPM x 0.3208) / A71015313u
( MNAMITN 5.7 ¥ AITUA 45 fifs )
v 48
sns1 Ivanilutieliaees = 1.8 GpMm
2 4
fIUN = (1.8 x 0.3208) / 15
2
= 0.038 in
0 ﬂv P Y o L2
INATN 5.8 1¥M0UIATIGIU Schedule 40 YMIARUNHMTIAR 0.057 in

8as11naluvie = 2.7 GPM vuasYy 18 in
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OD = 0.405 in, ID = 0.269 in
o ! 4 2
8as111a 2.7 GPM fufinwiy 0.057 in
L 4
AU
<@ A ] N
15190f8n 4% 011A5 1914 Schedule 40 YWINTZY 1/8 in
9NN 5.11 15uden e le TasAin yu1@ 5/16 in SAR 100-R1
! 4 2
ID=5/16in, OD 11/16in  Wu¥n1wly 0.0767 in

8aIM3 Ina 2.4 GPM Saflee1dinge 5 in

9.MOTOR HYDRAULIC
dminsa + dminau = 500 kg

»
°

Wiminasdodu 2 0 =07 x 500

= 350 kg
resistance = W xmg
= 0.3 x 500 x 9.81

= 1472.0

usaniiae ¢ fouflifia sip) = 0.85 x 350 x 9.81
= 2918 n.
torque required at drive wheel = force x radjus
= 1472.0 x (0.45/2)
= 3312 Nm
torque per wheel = 33122
= 166 N.m.

(@80 motor 91NAITN IALILY m3
'59‘3'41%“) = 4 km/h, wheel diameter = 0.45 m.
wheel speed = (4 x 10’ ) /(60 x Tt x 0.45 )
=47.16
911 m3 14 volume efficiency = 97% 14 pressure = 46 bar
flow rate = ('motor capacity x speed ) / volumetic efficiency

= (028 x 47.16 )/ 0.97
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= 13.6 Ymin
total flow = 13.6 x 2
= 27.2 /min
power ( kw ) = ( frow rate x pressure )/ 600
= ( 27.2 x (46+2+2) )/600 -
= 2.27 kw
0.746 kw = 1 hp
2.27 kw = 2.27 / 0.746 = 3.038 hp
overall efficiency = 0.9
input power = 3.038 /9
= 338 hp
Hydraulic Line
pressure of cylinder = 500 psi
pressure of motor hydraulic = ((46 + 2 + 2) x 14.223) /0.981
= 725 psi .

total pressure = 725 + 500

1225 psi

e leasedanuanusuld 2000 psi

v v
voyaInNITIM

4 .
1nT0UUA 1 qu 4 Sz 55 useh
FEUUR NS szuvlamsedn
szyusuInADu Jundou 2 donds

Fusiwmes laaseanuendudens 1 A

3o 3 8o

doml 1 &0 vwwm 10"
douda 2 40 vuA 6"
ganth mhnde 35"

HNNA wiine s4”



(21)

vinanozsimtinsanszidh
AIIENIVBIATONTIN 175 ey
anundnuesmisansud 1.0 1A
AMMEIWOIUTONTEN 240 LuAT .
izvzunﬁaqqqﬂmnﬁ"u 3.00 AT

t 4
nsusuihminldumngs 120 was

swaziBuaginieisesnizvengy
1. NUBNAUYAM 2 AN AuguiRe?
kd
- ywmdurugeina1y 2.485 117
2. MAdAugNAAMIILL 4 fAiAmn 3 Al siadumisnawdanus dedums
Maudaeiie Ton
L4
- ywngnal 1/4 1
3. INYIRANINAY
4 Y
4. nanaranuay
A4 ¢
5. 1N303YU4
YUIA 5.5 H.P.
&
6. flulaTasan

A o

4
— Hunpuuiidasimsiva 2 gpm. anudaTey 1200 o

4
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a1 1 (n) uamqmanvn&:maouﬂumannh

e | WINAI3M  SCHEDULE 40 - i
Gl I RN O ) ] R e e
1/8 405 | .068| .269| .057] .245| .35| .89| 1.8] 2.7| 3.5 4.4
1/4 540 | .088| .364| .104| .425] .65| 1.6] 3.2| 4.9| 6.5] 8.1
3/8 675 | .091| .493| .191| .567| 1.2] 3.0| 6.0] 9.0] 12.0| 15.0
172 840 | .109| .622| .304| .852| 1.9| 4.8] 9.5]| 12.0] 19.0 | 23.8
3/4 | 1.050 | .113| .824| .533] 1.132| 3.3| 8.4| 16.7] 25.1| 33.4 | 41.8
1 1.315 | .133] 1.049| .864] 1.679| 5.4| 13.5| 27.0 | 40.6 | 54.1 | 67.7
1% | 1.660 | .140] 1.380 | 1.495] 2.273| 9.4| 23.4| 46.8| 70.3| 93.7 | 117
Tv: | 1.900 | .145] 1.610 | 2.036] 2.718| 12.7] 31.9| 63.7| 95.6| 127 | 159
2 2.375 | .154] 2.067 | 3.356 | 3.653| 21.0| 52.5| 105| 157| 210 | 263
2v: | 2.875 | .203| 2.469 | 4.788] 5.793| 30.0| 75.0| 150 | 2a5| 300 | 375
3 3.500 | .216| 3.068 | 7.393| 7.576| 46.3] 116| 232 | 347| 463 | 579
3% | 4.000 | .226 | 3.548 | 9.886] 9.109| 61.9.| 155] 210| 465| 619 | 774
4 4.500 | .237 | 4.026 | 12.73| 10.79| 79.7| 199| 399 598| 797 | 997
4% | 5.000 | 247]4.506]15.95]|12.54] 99.9]| 250| 499 749 998 | 1249
5 5.563 | .258 | 5.047 | 20.01] 14.62| 125] 313| 627 | 940] 1253 | 1567
6 6.625 | .280 | 6.065 | 26.89] 18.97] 181 452] 904 | 1357 | 1810 | 2262
7 7.625 | .301 | 7.023 | 38.74| 23.54| 243| 607] 1213 | 1820 | 2427 | 3033
8 8.625 | .322 | 7.981 | 50.03] 28.55| 313 783| 1567 | 2350 | 3134 | 3917
10 10.75 | .365 10,02 | 78.85| 40.48| 494 | 1235 2470 | 3705 4940 | 6175
12 12.75 | .406 | 11.94 | 111.9] 53.56| _ 701 | 1753 | 3506 | 5259 | 7012 | 8765
()
woa | SCHEDULE 160 PIPE /11 2. [~
uily wait| 10 | anea| T (Sres | SHS |0 Frk |75 Frs| 20 Frs | 25 Fre
172 840 | .187| .466] .171] 1.310| 1.07| 2.67 | 5.34 | 8.01 | 10.7 | 13.4
374 |1.050| .218] .587] .271] 1.940| 1.70] 4.24 | 8.49 | 12.7 | 17.0 | 21.2
B 1.315] .250] .815| .522] 2.850 | 3.27] B.17/| 16:3 | 24.5 | 32.7 | 40.8
1% |1.660| .250] 1160 1.060] 3.764 | 6.62 | 16.6 | 33.1 | 49.7| 66.2 | 82.8
Tv:  |1.900| .281] 1.338 1.410] 4.862 | 8.81| 22,0 | 44.0 | 66.1 | 88.1 | 110
2 2.375 | .343) 1.689 | 2.241] 7.450 | 14.0| 35.1.| 70.2 | 105 | 140.| 175
2v:  |2.875| .375]2.125 |3.542| 10.01 | 22.2] 55.5| 111.] 167 | 222 | 278
3 3.500 | .437] 2.626 | 5.416| 14.30 | 33.9 | 84.8 | 170.| 254 | 339 | 424
4 4.500] .531]| 3.438 | 9.283| 22.52 | 58.2 | 145 | 291 | 436 ] 582 727
s 5.563 | .625]| 4.313 | 14.61| 33.00 | 91.5] 229 | 458 | 686.] 915 | 1144
6 6.625| .718] 5.180 | 21.15| 45.30 | 132 | 331 | 662 | 994 [ 1325 | 1656
8 8.625| .006| 6.813 |36.44| 74.70.| 230 | 571 | 1142 | 1713 | 2384 | 2855
10 70.75 [ 1.125] B.500 | 56.75|115.64| 355| 880 | 1777 | 2666 | 3555 | 4443
12 12.75 | 1.312]10.126 | 80.53160.33 | 504 | 1261 | 2523 | 3784 | 5045 | 6306
(n)
shaudausuaswunduiiay - XS-SCHEDULE B0 =
E§ U@
INT PM G
wa | o | i | T (SheS SheS |0k |5 rs 90 P o5 e | MDY
.095] .215| .036]| .314| .23| .57| 11| 1.7] 2.3| 2.8 | 1/8
19| .302[ .072| .535| .45 1.1| 2.2| 3.4] 45| 56 | 1/4
126 423 | .141 .738 .88 2,2 4.4 6.6 6.8 | 11.0 3/8
147 | 546 .234]1.087] 1.5] 3.7 | 7.3 | 11.0 | 14.7 | 18.3 | 1/2
154 | .742| .433[1.473| 2.7| 6.8 | 13.6 | 20.3 | 27.1 | 33.9 | 3/4
79| .957| .719|2.171] 4.5 11.3 | 22.5 | 33.8 | 45.0 | 56.3 | 1°
191 | 1.278 | 1.283 | 2.996| 8.0 20.0 | 40.1 | 60.2 | 80.3 | 100 | 1%
.200 | 1.500 | 1.767 | 3.631] 11.1] 27.7 | 55.3 | 83.0 | 110 | 138 | 1%
218 11,939 | 2.953 | 5.022 | 18.5] 46.2 | 92.5 | 139 | 185 | 231 | 2
.276 [ 2.323 | 4.238 | 7.661| 26.5] 66.4 | 133 | 199 | 265 | 332 | 2w
.300 | 2.900 | 6.605 | 10.25| 41.4]| 103 | 207 | 310 | 414 | 517 | 3
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213N 2 frdnsamyive audussruiniadanioluvafuunitldltluasesloasedn

. iy - g £ 2 a - o G )
faumianing g voerielusess | erunavasiuiu (Wa/unm) wuﬁﬂﬁwﬂn':g‘lég&nm UoAIIMT IR
A C & F i3 3000 psi 15-20 » 0.1069-0.0802
AC & F iNuN37 3000psi 25-30 0.0642-0.0535
B 2-4 0.800-0.400
D&E 10-15 0.1604-0.1069
vioduluszuy 5-10 0.3208-0.1604
- |
< 5 - &
AN 3 S muanuduvesritlsesefnawuiaigm SAE
S S Py : Tadswlo- a0 o
3 swloasefin - D op .| #unnmulu P03IMT IR Jeigrn ) ¥ n27NaU (psi)
2 vy ( in in%  |GPM * i g =1
e | SAE (in) (in) {n) M @ 10 B weohgain): viaow | suia ]
3/16| 100-R1 | 3716 | 172 - .0276 .866 4 3000 12000
3/16| 100—-R2A| 3/16 5/8 .0276 .866 4 5000 20000
—4 | 100-Rs | 3/16 | 33/64 .0276 .866 3 3000 12000
1/4 | 100-R1 | 1/4 5/8 .0491 1.54 4 2750 11000
1/4 | 100—R2A | 174 11/16 20491 1.54 4 5000 20000
174 | 100-R3 | 1/4 9/16 .0491 1.54 3 1250 . 5000
-5 | 100-Rs | 1/4 37/64 .0491 1.54 3% 2500 10000
5/16| 100—R1 | 5716 | 11716 .0767 2.40 5 2500 10000
5/16| 100—R2A | 5/16 3/4 0767 2.40 av 4250 17000
-6 | 100-Rs | 5/16 | 43762 .0767 2.40 4 2250 9000
3/8 | 100-R1 | 3/8 25/32 1104 | 3.46 5 2250 9000
3/8 | 100-R2A| 378 27/32 1104 3.46 5 4000 16000
3/8 | 100-R3 | 378 3/4 .1104 3.46 4 1125 4500
13/32| 100—R1 | 13732 | 13716 .1296 4.06 5% 2250 9000
—8 | 100—R5 | 13/32 | 49/64 .1296 4.06 4v 2000 8000
172 | 100-R1 | 172 29/32 .1963 6.15 " 7 2000 8000
172 | 100-R2A| 172 31/32 .1963 6.15 7 3500 14000
172 | 100-R3 | 172 15/16 .1963 6.15 5 1000 4000
- o 4
191 4 lewwwianszuanlsesadn,
= = 2 FITIEES
 Wnesgswigu U39 (Ibs) MFeNnIsuBngINAINGY (psi) A9 9
- Agus ¢ unaRDusa :
e |Rungngu| e
. > WU 1WA 100 | 250 | 300 | 500 | 800 | 1000 | 1200 | 1500 | 2250 | 2500
Inszuen|  (in® ~ ; i
® YoITTUTIN.
1% 1.767 .0918 176.7| 441.6] 530.1| 883.5] 1414| 1767 | 2120 2650 | 3976 | 4418
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