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Design and Fabrication of Screw Jack using Worm Gear
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Abstract: In this we are going to see about the mode]]ing and construction qf screw jack using worm and spur gear arrangement. There are wide
application in paper making macbiner)/,jbundries, missile bases, and a whole host qfapp]ications where precision adjustment is required. In most such
worm gear jacks, the worm gear is made qfa relatively Sqfi material such as aluminium bronze, the Ig'fting screw may be qfa heat treated hardened steel
.Djfferent strength theories qubi]ure jbr the screwed shqft are taken into account, according to the type qf material used. The assembly consist qf

components such as ball bearings, circular Shqﬂs, spur gear, worm gear etc. ..
Keywords: Design, jbbrication, worm gear screw jack.
1. INTRODUCTION

A screw jack is a type of jack, i.e., a mechanical device used to lift heavy loads or apply large forces, which is operated by a lead-screw.
The virtues of using a screw as a machine, e.g., for pumping water, was firstly demonstrated by Archimedes in 200 BC, but it was the
famous Leonardo da Vinci in the late 1400’s who firstly designed a worm gear screw jack (WGSJ). Leonardo’s design of WGS] is still
accepted nowadays: by using a threaded worm gear, supported on bearings, that rotates by turning a worm shaft, the lead-screw is

driven to move the load.

In our design we are using components such as worm gear, spur gear, ball bearings, circular shaft, bolt and nut arrangement which acts
as lifter, and handle for manual operation and DC motor for automatic operation. The Dc motor is attached to the assembly by using

temporary fasteners like bolted joints if required.

There are wide application in paper making machinery, foundries, missile bases, and a whole host of applications where precision
adjustment is required. In most such worm gear jacks, the worm gear is made of a relatively soft material such as aluminium bronze,

the lifting screw may be of a heat treated hardened steel.
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2. Pictorial Representation

3. Methodolgy
In this initially the bolt is welded into the ball bearing, then one end of the circular shaft is welded to the top of ball bearing and other
end is welded to the spur gear, it forms the main assembly. Worm gear is made to mate with the spur gear it is done by using ball
bearing support.
Other end of the worm gear is extended to certain level for the purpose of connecting motor for automatic operation of the jack and a

handle is attached to the other end of the worm gear for manual operation. Now the nut is connected to the bolt through the spur
gear.

4. Spur Gear Selection

For a required centre distance and gear ratio a suitable pair of Strength capacity Ps= Xb XSy X YSXF XN X Z X P kw

gears can be sefocted used and assessed by 19,100 X100
Select numbers of teeth in gears and module (pitch). Wear capacity Pw = Xe X Sc X YZ X F XN X Z X P'kw
Gear Ratio j = 22 (Reth driven 10000 X 10°
“ o) "} = Gardafowes
Shaft centre distance inmm = sum gear teeth X pitch P - Gear mm
- (L+7)P S - hmﬁuhwn‘hl(mhbw)
From this initial selection each gear can be assessed for strength Sc = Surface stress for gear material (see below)
and wear using the following “The least of the four X» = Speed factor for strength - see table 1
calculated powers is the of the gear set. The capacity Xe = Speed factor for wear - sce table 2
thmlyhgamdmbynm Ys - ww soe table 3
factor relative to driver and driven equipment, refer page 2. If Yz = Zone factor - see table 4
Mp«w«hbﬂwnﬂd increase pitch or face
m‘ teeth %Mmdﬂml Factors Sb and Sc Gears
substantially in excess of required capacity o g g
lower could be considered. L
Table 1 _Speed factor for Strength Xb (for 26000 hour rating)

Table 2 Combined
= e
Table 3 Strength

SSESEREBESZN[S

1 a!uammltl
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Table 4 Zone Factor Yz (Note: factor same for both gears in gearser)
Nurber Teeth Matiog Gear
NoTeeh (Rock 127 (100 | 80 ' M 60 | 50 (@ 2 | 28|25 2 (2 20 9% #1776 ¥ LER
gmxm gg ¥ A..13M12. [
}f"“' i 18] 146 | 114] & !
i | i '§:§ EedR i ARR: i
g g ';u‘i:;‘..““ b 1t
I CARTAR) E 54| 150 | 147 | 144 | 141 k £
R
25 [ 243 1 8| 18| 1s] 1 51 8| 14| 13

i 274 | 264 253 | 244 | 236 | 222 | 205 | 196 | 168 | 184 | 180 | 17 | 170 | 163 | 160 | 138 | 152 | 148 %| 128|122
g 289 | 279 | 268 | 256 2 (215 | 204 | 190|199 | 184|179 | 17| 106 | 160 | 128 | 154| 148 37| 129 123
’ 03| 290 | 278 | 267 | 254 | 20 [ 230 | 211 | 198 | 194 | 188 | 183 | 175 | 108 | 184 160 | 123 | 140 38| 131 | 124
44| 2% (200 | 289 | 277 | 260 | 20 | 227 | 241|204 | 196 | 190 | 182 | 172 | 168 | 183 | 128 153 0| 12|12
L~ ABS | 364 | 230 | 327 | 211 | 290 | 278 | 253 | 240 | 230 | 215 | 206 | 198 | 188 | 13| 171 168 | 181 | 158 2| 10|12
407|384 205 | 250 | 228 | 200 | 278 | 260 | 200 | 238 | 223 | 213 | 200 | 189 | 182 | 1y | 168| 182 | 133 | 145 | 135| 128
in At | 421 (289 | 37 | 7|28 (298| 277 | 254 | 288 | 236 | 225 | 243 | 200 | 10| 180 | 1rs| 167 | 138 | 14| 10| 128
M (750 4% | A7 425 | 397 | A | 280 | 311|289 | 267 | 208 | 244 | 234 | 222 | 207 | 18| 199 | 181 | 172 | 181 | 153 | 142| 120
l&mwurmmmmm.msu!xuu.«n.numu.ﬂ
10 n2 | 631 | s00 | dfiy | 421|284 200 | 2% | 290 | 279 | 264 | 250 | 23 | 220 | 210 201 | 192| 180 | 169 | 129| 146 | 134
1 689 | 5% | 831 | 499 | 451 [ 407|264 244 | 300 | 209 | 274 | 239 | 20 | 226| 296 | 208 | 197 | 184| 172 | 181 [ L7 | 13
Mock | - | - | 970|840 | 750|630 | 520 | 465 | 430 | 270 | 345 | 320| 00| 278 | 258 | 242 | 230 | 209 | 208 | 190 | 17 | 168 | 17
- jo—b oy

8

Dimensions tables for Spur Gears 1.0 and 1.5 Mod. | T
upmmm&nmmmmmg ‘r — |
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1.0 Mod Spur Gears Suffix of Cat. No. indicates gear type Gear Type A’ Gear ‘B’
C P e . ] 20 ]

(RN
ST S

e P R ] 40 g
gl
g%

5. Worm Gear Selection
A35 (35 mm center distance)
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Worm 7 |-01
14
Wormgear 24,:0%

pressure angle 15°
i = gear ratio d,, = tip diameter (worm) MG = mineral grease
0= lead angle z,= No. of teeth MO = mineral oil / synthetic grease
m = module d,, = pitch diameter (worm gear) SO = synthetic oil
2, = number of threads d, = max. diameter (worm gear)
d,,, = pitch diameter (worm) T = output torque
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Catalog worm wormgear T,[Nm] No.
Bronze

i a, m |z d,, d, | z,, d, d, |[IMG MO SO
A35U3* | 278:1(31°01"| 15| 9| 262 | 292 |25 | 438 [4676 | 66 82 102
A35U5 51 22°52' | 1.75| 5| 2252 | 26.02 | 25 | 47.48 53 153 184 229
A35U7 7251 | 13°47" | 15 4|2518 | 28.18 | 29 | 44.82 50 147 176 22
A35U8 81 | 14°25'( 19 | 32289 | 2669 |24 | 4711 | 53 | 167 20 25
A35U10 10:1 | 10°43'| 15 3| 242 272 | 30| 458 51 16 192 24
A35U11 11:1 | 10°32' | 14 | 3 |2298 | 2578 |33 | 47.02 | 52 |[167 20 25
A35U12 121 | 9°11" | 19| 2| 238 | 276 |24 | 462 | 52 |[161 193 24
A35U15 15:1 7 15| 2| 2462 | 2762 (30 | 4538 | 50 | 153 184 229
A35U20 20:1 5°33' (1.15| 2| 2378 | 26.08 | 40 | 46.22 | 505 | 148 178 222
A35U25 25:1 4°9' 09 2|2487 | 2667 | 50 | 4513 | 49 129 155 193
A35U30 30:1 327 | 15 112492 | 2792 | 30 | 45.08 50 15 18 225
A35U35 35:11 | 3°51" | 14 | 1/2085 | 2365 | 35| 4915 | 53 | 171 205 256
A35U40 40:1 | 2°45' | 115 1[2391 | 2621 | 40 | 46.09 | 505 | 14.7 176 22
A35U50 50:1 2°4 0.9 12493 | 26.73 | 50 | 45.07 49 129 155 193
A35U58 58:1 2°21" | 085| 1|2065 | 22.35 | 58 | 49.35 53 145 174 217
A35U90 90:1 1°9 0.5 1 25 26 90 45 49 9.1 109 136

J

A40 (40 mm center distance)

ground T
\ g N Z /) g
_ /77 2| o= f o
| <| € T o
9 === oo — ==t 3 -{’
s
= ) ) 2
b 26:015 S
Worm /
center di
Wormgea
< 4 25:015
pressure angle 15°
i = gear ratio d,, = tip diameter (worm) MG = mineral grease
0= lead angle z, = No. of teeth MO = mineral oil / synthetic grease
m = module d,, = pitch diameter (worm gear) SO = synthetic oil
2, = number of threads d, = max. diameter (worm gear)
d,, = pitch diameter (worm) T, = output torque
Catalog worm wormgear T,[Nm] No.
Bronze
i q |m|z, d,, d, |z, d,  d |[MG MO SO

A40U7 6.75:11 | 21°19'| 2

A40U8 81 | 16°35' | 2.25
A40U10 10:1 | 16°1" | 1.9
A40U12 121 | 10°21" | 1.5
A40U15 15:1 | 9°53' [ 1.9
A40U20 20:1 | 8°59' | 15
A40U25 2511 | 5°58' | 1.15
A40U28 281 | 447" | 2

A40U30 30:1 | 5°50" | 2

A40U35 3511 | 5°26' | 1.75
A40U36 36:1 | 319 | 1.5
A40U40 4011 | 4°20' | 1.5
A40U50 5011 | 4°8" |1.25
A40U56 56:1 | 2°23' | 1

A40U60 60:1 | 1°59' | 0.9
A40U70 7011 | 3°3 | 09
A40UT75 751 | 1°48' | 0.75

56.36 | 625 | 275 33 412
5934 | 65 | 295 354 442
5495 | 60 | 252 302 378
57.86 | 64 28 336 42

20.66 | 24.46
25.05 | 28.05
2214 | 2594
192 | 222 : . :
2215 | 2445 5785 | 62 | 244 292 366
56 | 615 | 284 34 426
6032 | 66 | 301 361 451
61.52 | 67 31 372 465
5409 | 59 | 239 286 358
6017 | 65 | 283 339 424
62.7 | 68 27 324 405

19.68 | 23.68
1848 | 21.98
2591 | 2891
19.83 | 22.83
173 | 198

5408 | 575 | 193 231 289
6309 | 67 |241 289 361
5626 | 60 | 188 225 282

2592 | 21.72
1691 | 18.71
23.75 | 25.25

—_ e e e e e e e e e S S NN WWW S
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AGOUS0 | 901 | 222 | 07 1695 | 18.35 6305 | 67 |191 229 286
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A50 (50 mm center distance)
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Wormgear

pressure angle 15°

i = gear ratio d,, = tip diameter (worm) MG = mineral grease
0= lead angle = No. of teeth MO = mineral oil / synthetic grease
m = module d,, = pitch diameter (worm gear) SO = synthetic oil
2, = number of threads d, = max. diameter (worm gear)
d,, = pitch diameter (worm) T, = output torque
Catalog worm wormgear T,[Nm] No.
Bronze
i g |m|z, d, d,|z d, d [MG MO SO

AS0U4 | 42511 | 25°51'| 35
A50U6 6:1 | 19°17'| 35
A50U9 | 8.66:1| 13°52'| 2.6
A50U12 | 121 | 10°28'| 275
A50U14 | 1351 9°38' | 25
AS0U19 | 19:1 | 6°17' | 35
AS0U23 | 231 | 5°%8' | 3

A50U27 | 27:1 | 4°40' | 25
AS0U35 | 35:1 | 3°%51" | 2

AS0U46 | 46:1 | 2°47T' | 1.5
AS0US5 | 55:1 | 2°19' | 1.25
A50U69 | 69:1 | 1°51" | 1

321 | 391 |17 | 679 | 77 | 34 408 &1
318 | 388 (18| 682 | 77 | 52 624 78
3129 [ 3629 |26 | 68.71 | 77 | 643 771 964
305 | 36 |24| 695 | 77 (664 796 996
9 | 349 (27| 704 | 77 | 628 754 942
32 39 |19| 68 | 77 [782 938 1173
3058 | 36.58 | 23 | 6942 | 77 711 853 1066
30.73 | 3573 | 27 | 6927 | 77 |645 774 967
2978 [ 3378 | 35| 7022 | 77 |567 68 8
3085 | 3385 |46 | 6915 | 74 | 506 607 759
309 | 334 | 55| 691 | 74 |462 554 693
309 | 329 |69 | 691 | 74 |414 496 628

B LGS ol
P
©

All worms and worm gears stocked right hand only, worm made of case hardened and ground steel (HV
620 - 700). Worm gear made of CuZnd0AI2/So.

Conclusion

The mechanism which we have discussed above will be fabricated according to the load to be lifted and standard sizes of the gears will
be selected from the above table.
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