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INTRODUCTION

The objective of this assignment is to select an appropriate V-belt drive from the SKF product
line capable of transmitting power to a reciprocating compressor. The selection procedure was
carried out using the SKF Power Transmission Belt Catalogue, which provides detailed
guidelines for determining the suitable belt cross-section, pulley dimensions, belt length, and
the required number of belts.

The design parameters of the system were defined based on each student’s identification
number, as specified in the assignment. Using these given inputs, all calculations were
performed in accordance with the step-by-step selection procedure recommended in the SKF
catalogue. This approach ensures that the selected belt system satisfies the operating
requirements of the reciprocating compressor while remaining fully compliant with SKF design
limits and performance recommendations.

DESIGN

GIVEN DESIGN PARAMETERS

Design parameters for student number of 280203076 are shown below.
Driver Power: 34 kW

Driver Speed: 2076 rpm

Driven Speed: 1048 £ 5 rpm

Service: 9 h/day

Adjustable distance between centers: 1058 = 75 mm

1- SERVICE FACTOR(C2)

According to the SKF Power Transmission Belt Catalogue, the first step in the belt selection
procedure is the determination of the service factor, denoted as C,. The service factor is a
dimensionless coefficient used to account for the operating conditions of both the driver and
the driven machine, including load characteristics and duty cycle.

In this study, the service factor was determined using Tables 2 and 3 of the SKF catalogue.
These tables evaluate the influence of parameters such as the type of load, operating
environment, daily service duration, and dynamic behavior of the driven equipment. By
incorporating these effects through the service factor, the calculated design power more
accurately represents real operating conditions, ensuring a reliable and conservative belt
selection.



Table 2

Types of prime mover

Soft starts Heawy starts

Elaciric motors: Electric motors:

AL - Star delta start AC — Direct- om-line start

DC — Shunt wound OC — Series and compound wound
Internal combasstion engines Internal combustion engines with
wiith & or more oylinders foss than & oylinders.

Prime mowvers fitted with Prime mowvers niot fitted with soft
centrifugal cutches, dry or start dewices

fluid couplings or electnomnic

soft start devices

Figure 1: Prime Mover Selection

The service factor was determined using Tables 2 and 3 of the SKF Power Transmission Belt
Catalogue, taking into account the type of driven machinery and the starting characteristics of
the prime mover.

Based on the given driver power of 34 kW, the prime mover was classified as operating under
heavy start conditions according to Table 2 (Figure 1). Furthermore, since the driven equipment
i1s a reciprocating compressor, it was categorized as heavy-duty machinery (Class 3) in
accordance with Table 3 (Figure 2).

Using the “10 hours and under” operating condition for heavy-duty machinery combined with
a heavy-start prime mover, the service factor was selected as C; = 1.4 from Table 3.

The driver and driven machine speeds were treated according to the values specified in the
assignment, and the corresponding speed ratio was considered during pulley diameter selection.
No additional correction factor from Table 1 was required beyond those already incorporated
into the service factor and pulley selection procedure.



Types of driven machinery Soft starts
Duty time hfday
10 and Over10 Over 16
under tolé

Heavy starts

Duty time h/day

10 and Over10
under to 16

Table 3

Owver 16

Class 1 Blowers, exhausters and fans (up to 7,5 kW), 1,0 11 1,2
Light duty centrifugal compressors and pumps. Belt
corveyors (uniformby lbaded).

Class 2 Agitators (uniform density), blowers, 11 1,2 13
Medium duty exhausters and fans [over 7,5 KW).

Rotary compressors and pumps (other than

centrifugal). Belt conveyors [not uniformly

loaded), generators and excitors, laundry

machinery, lineshafts, machine tools, printing

machinery, sawmill and woodwarking

machinery, screens (rotary).

11 12

1.2 ale]

Class 3 Agitators and mixers [variable density), brick 1,2 13 1.4
Heavy duty machinery, bucket elevators, compressors and

pumps (reciprocating), corweyors (heavy duty).

Hoists, mills (hammer), puberisers, punches,

presses, shears, quarry plant, rubber

machinery, screens (vibrating), textile

machinery.

14 15

Class & Crushers (gyratory -jaw roll), mills 13 1.4 1,5
Extra heavy duty  (ball-rod-tube).

Figure 2: Service Factor Selection
cC,=14
2- DESIGN POWER

15 16

13

14

16

18

The second step in the belt selection procedure is the determination of the design power, Py,

which represents the effective power to be transmitted by the belt drive under actual operating
conditions. The design power accounts for the influence of service conditions and is used as the

basis for selecting the appropriate belt cross-section and the required number of belts.

In accordance with Step 2 of the SKF Power Transmission Belt Catalogue, the design power

was calculated by multiplying the rated driver power by the previously determined service
factor. This approach ensures that the belt selection reflects the combined effects of load
characteristics, operating conditions, and machine dynamics, resulting in a reliable and
conservative design. The formula used for determining the design power is:

PD = P * CZ
Where:

e Pis the driver's power input (34 kW in this case).
e (, is the service factor determined in the previous step (1,4).

Substituting the known values into the formula:

Py =34 % 1.4 = 47.6kW



3- BELT CROSS SECTION

The third step of the belt selection procedure involved determining the appropriate belt cross-
section based on the calculated design power and operating conditions. This selection was
carried out using Diagrams 1, 2, and 3 provided on pages 17 and 18 of the SKF Power
Transmission Belt Catalogue.

By correlating the design power with the rotational speed of the smaller pulley, the relevant
operating point was identified on the catalogue diagrams. The belt cross-section corresponding
to this operating region was then selected in accordance with SKF recommendations. This
method ensures that the chosen belt cross-section is capable of transmitting the required design
power while satisfying the system’s durability and performance requirements.
Diagram 2
Wedge belts

Speed of small
pulley [rfmin]

10000

Figure 3: Belt Cross Section- Wedge Belts



Diagram 3

Narrow wedge belts

Speed of small

pulley [7'min]
10 000+
|
,/r)
IV, 3V, VP 5 8\, BV-XP
1000+

100 ; T '
1 10 100 1000

Design power [KW]

Figure 4:Belt Cross Section- Narrow Wedge Belts

Based on the operating region identified in the belt cross-section selection diagrams, several V-
type narrow wedge belt options were found to be suitable for the design. As shown in Figure 3,
the applicable belt sections include SPA, XPA, and SPA-XP. Similarly, Figure 4 indicates that
5V, 5VX, and 5V-XP belt types also fall within the acceptable operating range for the calculated
design power and pulley speed.

At this stage, these belt types are considered as potential candidates that satisty the preliminary
power transmission requirements. A final selection among these alternatives is not made in this
step. Instead, the specific belt type will be determined in Step 6, where additional criteria such
as belt length availability, center distance constraints, correction factors, and the required
number of belts are evaluated in accordance with the SKF selection procedure.

4- REQUIRED SPEED RATIO

The fourth step of the belt selection procedure involved determining the speed ratio, I,., between
the driving and driven shafts. The speed ratio defines the required relationship between the
rotational speeds of the shafts and serves as the primary basis for selecting appropriate pulley
diameters.

Using the specified driver and driven speeds, the speed ratio was calculated and subsequently
used to ensure that the selected pulley diameters satisfy both the desired speed reduction and
the geometric constraints of the belt drive system. This step is essential for maintaining
consistency between the operating speeds and the selected pulley dimensions in accordance
with SKF design guidelines

The required speed ratio (I;) can be calculated using the formula:

Driver Speed
Min Driven Speed

I, max =



Driver Speed
Max Driven Speed

I.,min =

Speed ratio calculation according to the values used in this report:

[ _ 2076rpm 199
r A= 1043 rpm
I _ _20767‘pm_197
m = 1053 rpm

5- CHECKING THE CENTER DISTANCE TABLES WRT SPEED RATIO

Centre distances tables (4a to 4p) are not used for this homework so we will continue with the
sixth step.

6- PULLEY DATUM DIAMETERS (d,D)

Using the calculated speed ratio, the diameters of the driving and driven pulleys were
determined with reference to Tables 5a and 5b, shown in Figures 5 and 6 of the SKF Power
Transmission Belt Catalogue. These tables relate the speed ratio to standard pulley diameter
combinations that are compatible with specific belt cross-sections.

During this evaluation, the SPA belt type was identified as the most suitable option for
achieving the required speed ratio while satisfying the design power and operating constraints.
Consequently, the SPA cross-section was selected in Step 3 over the other candidate belt types.

After confirming the SPA belt selection, the allowable pulley diameter range for this belt type
was reviewed. The corresponding values of the small and large pulley diameters, d and D, that
satisfy the target speed ratio were then extracted from Figure 6 in accordance with SKF
recommendations.

Although alternative belt types such as XPA, SPA-XP, and narrow wedge belts (5V, 5VX, and
5V-XP) were initially identified as feasible based on power transmission capability, they were
not selected. Narrow wedge belts generally require larger minimum pulley diameters and are
typically preferred for higher power or more compact drive arrangements. Similarly, cogged
belt types offer increased flexibility, which was not necessary for the given operating
conditions. Therefore, the SPA belt was selected as the most appropriate and efficient option
for the required speed ratio and pulley geometry.

Recommended standard pulley diameters for faster shaft —metric ISO pulleys

Table 52
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Figure 5: Standard Allowable pulley diameters for V belt Types



Speed ratios with standard pulley diameters - metric ISO pulleys

Table 5b
Pulley dstum dismeter o]
S0 S 60 6 & 71 75 m 85 W 95 10 1% 12 15 125 12 M0 IS0 160 10 10 I 20 21 2 2 20 s w0 w0 s 25 450 5 500 53 s 630 710 80 0 1000 1280
5 1 112 10 12 13 14 150 160 170 180 190 2 212 224 236 250 26 280 3 320 40 340 1M 4 42k LB 47> 5 510 50 6 e 850 9 950 10 1080 1120 1260 10 1 x
% 1 4w 1L 10 127 3% 143 182 161 170 179 1a3 2 211 223 23 250 268 2B 30 321 339 357 379 ©oen s an 36 s 16 75 BOL 848 833 946 10 1125 1268 1i2e 1607 1786 232
F 105 112 118 125 133 iz 150 158 17 177 187 197 208 220 233 250 267 285 3 317 333 3% 3 Im AU iz 4@ 525 70 792 83 sa3 531 1050 18 13 166 st
8 1 106 I3 119 177 135 1 151 150 168 178 187 198 710 222 238 256 200 286 30 317 337 3% I 39 471 Gek G385 615 710 TSk 1% 841 07 1177 1270 1z 18 198 6
& T 10 112 119 127 13 T4z 149 158 Lé7 176 18 Lo 200 22 230 25 20 78 290 ii6 i3 3% 373 i G1s s Lw &3 672 700 746 791 83 940 10s) 119 1341 1693 15ee &
1 10127 13% 11 L9 158 176 186 197 211 3225 239 354 263 2B 2% 3 ES v B T v R 59 63 669 700 Ti6 T8 88 10 117 1268 1408 &l
kS O 113 120 17 13 14 140 157 17 176 18 7 213 227 240 253 247 2 2% 335 33 38 17 i2 S47 & en 667 70 747 B4 04 1o 13 131 & 3
13 11 1 o1m o1 15 175 1 2 213 225 73 20 Z6s 2 2ss 313 33 3 375 3% 3 ose a2 663 788 sss 10 11z 1250 186
& 106 132 18 125 1, 9 167 1% 165 176 188 7 212 22 235 249 26 208 294 312 329 33\ N 520 550 588 626 659 Il B35 941 1059 16 14
17 1 11 138 12 131 139 17 1% LT 118 21 Im 1% iy Zs 27 2% 311 350 G725 57 55 5B 62 7 789 889 10 111 T
T TDe I12 118 1% 13 13 147 1% 168 17 180 2 pr:} 2% 26 e 2p 2% 116 12 i L 2% 58 cE) es 747 842 947 1053 16
100 1 106 1D 138 12 132 10 150 10 L0 180 10 2 2w 20 236 250 2es om0 3 0B 4W L7 & &3 710 10 1
108 o 118 125 132 142 151 10 170 179 1g 2 22 23 264 28 29 401 42 @8 472 S S 53 60 755 ma9 oa 10 fr
17 des 112 118 125 13 1% 14 11 179 1m 0 aa 33 33 g e dm E A AT S ex 71 g5 e 1
6 112 119 127 136 146 153 161 169 180 10 2 212 225 23 2% 267 360 381 403 424 449 475 53 602 678 743 &4 1059 11
s 106 1 28 13 166 182 160 170 i gy 3z 22 20 340 360 3% 626 648 EDL ses &0 720 8 10 18
m T o1 1 1% 16 152 11 0 Im 1 201 21 2 23 32 36 360 379 402 4o 4 538 &k e 7= o4 13
0 10 10 11 12 18 13 163 15 10 18 179 18 X3 3033 3% 3y 3 im0 So7 o1 &5 TH 8 60
150 ER— 120 127 133 141 1o 15 1 210 @7 285 3 317 33 35 373 40 4n 53 667 8: 150
60 11 1 19 15 1m 140 1 15 166 88 197 Zr 313 33 3m 3w A & 65 TE 160
170 T 106 112 118 175 IR 1N 16 1% 76 1. 250 285 279 296 312 329 371 418 471 529 5@ 13 10
130 1 10 11 13 12613 13 14 7 178
150 ] T 1 12 19 8 1% 33
20 FR T 12 118 13 13 50 1 ” T—
22 1 16 11 13 12 2 149 7 21 220 236 20 Zes 2w 33 347 iz s 2
2 1 1B 11 11 3 141 1w 2o 22 27 2y W 1 3y 3% g 5%
25 T 10 11 7 13 I g 201 212 225 237 261 I 33 % 530
20 106 20 12 10 1m0 190 2 2% 2% 2m 1 P
25 1 CEMEET] T 1m 179 25 0 23 268 12 7 in
20 TRt} 12 1s 170 1 25 25 286 ECaT
00 1% 142 1m0 18 17 o1m 20 23 26 im 41
ED T 1% 18 131 18 158 7 Z2s 2 28 3 3o
E 17 1% 1e 158 1 188 212 23 26 29 3In
=8 i 17 1% 19 18 1y 2 0% Im m 3B
E i 1w 17 T 10 168 189 213 240 e 33
a0 119 13 10 15 17 2 g% 3D
az5 11 12 125 13 148 167 188 212 23 294
a0 1% 18 1% 160 158 118 iz 2.
75 1 105 112 138 1B 1090 168 189 211 2@
500 1 1% 1 1% 12 1@ 18 7 2%
50 T 106 13 13 181 10 1m0 2%
60 1an 17 1 ta 1 23
&0 1113 1z 143 1w 1%
710 no17 1w 1% ™
0 R ]
FETREE R ]
000 T 1x 1w
1250 120

Figure 6: Standard Pulley Diameter for given Speed Ratios
d =190
D =375
7- CENTER DISTANCE PRELIMINARY (CCp)

In step 7 of the belt selection procedure, the center distance between the driving and driven
pulleys is evaluated to ensure geometric feasibility of the belt drive system. The minimum and
maximum preliminary center distance limits are considered solely as a feasibility check to
confirm reasonable pulley spacing.

These preliminary limits are not used directly to select the belt length. Instead, the final belt
length selection is based on a nominal center distance within the allowable installation range,
after which the actual center distance is recalculated and verified. The corresponding
calculations are presented below.

cc =0.7(D +d) = 0.7 (375 mm + 190 mm) = 395,5mm

Pmin

cc =2(D+d)=23B75mm+ 190 mm) = 1130mm

Pmax

8- BELT DATUM LENGTH (La)

7D +d) (D—d)>?
2 + 4C

. )+ ogs L FB75H190) (37519072
= * e
d min 2 4+ 983 mm

. ) 1133 PG5 1190) (3751902
= * =
d max 2 41133 mm

Ly=2C+

The calculated values of Ly min and Ly max are used only as a verification step to ensure that the
selected belt length lies within a feasible range for the pulley system. These values are not
employed directly in the belt selection process.

10



2932
2982
3000
3032
3082

12,7
12,7
12,7
12,7
12,7

10
10
10
10
10

PHG SPA2932
PHG SPA2982
PHG SPA3000
PHG SPA3032
PHG SPA3082

Figure 7:SKF Wrapped Wedge Belt Table

9- CENTER DISTANCE (CC)
Shigley’s 9'" edition textbook (Equation 17-16b) used for calculating center distance.

CC = 0,25+ [Ld—%(D+d)]+ (Ld—g(D+d))

Vs Vs
CC = 0,25 * [3000 —5 @75+ 190)] + (3000 -7 (375 +190

2

10- BELT BASIC POWER RATING (Pb)

Power ratings

2

) — 2% (375 — 190)2 = 1052.3 mm

— 2+ (D —d)?

Section SPA
Table 9g
Faster Rated power per belt for small pulley datum diameter [mm)] Additional power per belt for
shaft speed ratio
speed 100t0 106t 125t >1,59
%0 95 100 106 112 118 125 132 140 150 160 180 200 1,05 124 1,59
rfmin kW KW
100 0,25 028 031 0,35 038 0,42 0,46 0,50 0,55 061 0,67 0,79 090 - 0,02 0,03 0,03
200 0,45 051 0,57 0,64 0,71 0,78 0,86 0,94 1,03 114 1,25 1,48 1,70 0,01 0,04 0,05 0,06
300 0,64 0,72 0,81 0,91 1,01 1,11 1,23 134 1,48 1,64 1,81 214 2,46 0,01 0,05 0,08 0,09
400 0,81 092 1,03 1,16 1,30 1,43 1,58 1,73 191 213 234 2,77 319 0,02 0,07 011 0,12
500 0,97 111 1,24 1.41 1,57 1,73 1,92 211 233 2,59 2,86 338 391 0,02 0,09 014 0,15
600 113 1,29 1,45 1,65 184 203 2,25 2,48 273 3,05 336 398 4,60 0,03 011 0,16 0,18
700 1,28 1,46 1,65 1,87 210 232 2,58 283 313 3,49 3,85 457 527 0,03 013 019 0,21
720 131 150 1,69 192 215 238 2,64 2,90 3.20 3.58 3.95 4,68 541 0,03 013 0,20 0,22
800 142 163 184 210 235 240 2.89 318 351 3.92 433 514 503 0,03 014 022 024
900 1,56 1,80 2,03 231 2,59 287 320 3,52 3,89 434 4,80 5.69 6,58 0,04 016 0,24 0,27
960 1,64 1,89 2,14 2,44 2,74 303 3,38 3,72 411 459 507 6,02 6,96 0,04 017 0,26 0,29
1000 1,69 1,95 2,21 252 283 314 3,50 385 4,26 476 5.25 6,24 7.21 0,04 018 0,27 0,30
1100 1,82 211 2.39 2,73 3,07 340 3,79 418 4,62 516 570 6,77 7.82 0,05 0,20 0,30 033
1200 1,95 2,26 2,57 293 330 3,66 4,08 4,49 4,97 5,56 614 7,29 842 0,05 0,21 033 036
1300 2,07 2,40 2,73 313 352 391 436 4,81 531 594 6,57 7,80 9,00 0,06 0,23 0,35 039
1400 219 255 2,90 332 374 415 463 511 5,65 6,32 6,98 8,29 957 0,06 0,25 038 0,42
1440 2,24 2,60 2,96 339 3,82 4,25 4,74 5,23 5,78 6,47 715 848 9,79 0,08 0,26 039 0,43
1500 231 2,68 3,06 3,51 3,95 439 4,90 541 5,98 6,69 7,39 8,77 1012 0,06 0,27 0,41 0,45
1600 242 2,82 321 3,69 416 4,62 516 5,70 6,30 7,05 179 9,24 10,65 0,07 0,29 0,44 0,48
1700 253 2,95 337 3,86 4,36 4,85 5,42 5,98 6,62 7.40 818 970 1117 0,07 030 0,46 0,51
1800 263 3,08 351 404 456 5,07 567 826 £,92 774 855 1014 1167 008 032 0,49 0,54
1900 274 3,20 3,66 421 475 529 501 6,53 7,22 8,08 8,92 10,56 1215 0,08 034 052 0,57
2000 283 332 3,80 437 494 5,50 6,15 6,79 751 840 9.28 1098 1261 009 036 0,54 0,60
2100 2.93 3, 393 4 512 5.70 £38 7.04 779 872 962 1138 1305 009 038 057 0,63
2200 3,02 355 4,07 4,68 5,30 5,80 6,60 1,29 8,07 9,02 9,95 11,76 13,48 0,09 0,39 0,60 0,66

Figure 8:Table 9g for Finding Power Rating

From the relevant SKF power rating table, the higher shaft speed was identified as 2076 rpm,

and the selected small pulley diameter was 190 mm. Since the exact operating speed and
pulley diameter were not listed in the table, linear interpolation was performed.

11



First, interpolation was carried out between the 2000 rpm and 2100 rpm speed values
corresponding to pulley diameters of 180 mm and 200 mm, respectively. Based on this

interpolation, the rated belt power was determined as 12.11 kW.

Using the actual operating speed of 2076 rpm and the calculated speed ratio of 1.97, a second

interpolation was performed to account for the speed ratio effect. As a result, the additional

belt power was calculated as 0.6228 kW.

Belt Basic Power Rating (P,) = Rated Belt Power + Additional Belt Power
Belt Basic Power Rating (P,) = 12,11 kW + 0,6228kW = 12,7328 kW
11- CORRECTION FACTORS (C1, C3)

Belt length is 3000 mm so C; value is interpolated between the given values. These values are

from table 8.

¢, =1,03
Table 8

Belt length correction factor C;
Belt Correction factor
length SPZ [SPA [SPB SPC 8V  Z A B C D

SPZ-XH SPA-XR SPB-XPSPC-XP 8V-XP ZX ~ AX  BX X

APZ |XPA | XPB  XPC

3V 5V

3V-XP 5V-XP

3VX 5VX
mm -
400 050 087 068
475 0,65 090 074 064
530 074 093 078 070
630 082 (077 09 081 076
710 084 (079 099 083 078
900 088 (083 [0.76 105 087 082 073
1000 090 (085 (0,78 106 089 084 076
1120 093 (087 |080 108 0% 086 078
1250 095 (089 (082 111 093 088 080
1400 09 (091 |084 0,70 114 0% 090 082
1600 100 (093 [086 074 117 099 093 084
1800 1,01 (095 (088 077 122 101 09 086
2000 102 (09 (09 08 078 125 103 098 088 078
2240 105 (098 (092 083 080 128 106 100 091 080
2500 1,07 (1,00 (09 08 08 129 109 103 093 082
2800 109 (102 (096 088 08 129 111 105 095 084
3150 111 [104 |098 090 084 113 107 097 086
3550 113 106 100 092 086 115 109 099 088

Figure 9:Belt Length Correction Factor From Table 8

From Table 7, we can find the C3 value.

12



D—d

cc -G
375 — 190 — 0176
1052

So, DC;Cdvalue is assumed as 0,20 and Cs equals to 0,97.

Table 7

Arc of contact power correction factor C,

Dd , Arc of contact Arc of contact
cC on small pulley correction factor Cq

mm deq. -

0,00 180 1,00

0,05 177 0,99

0,10 174 0,99

0,15 171 0,98

0,20 169 0,97

0,25 166 0,97

Figure 10:Arc of Contact Power Correction Factor From Table 7

12- BELT POWER RATING (P))

The belt power rating was obtained by multiplying the rated belt power by the applicable
correction factors calculated in the previous steps. These correction factors account for the
effects of belt length and arc of contact, ensuring that the resulting belt power rating accurately
reflects the actual operating conditions of the system.

PT' = Pb * C1 * C3
P.=12,7328 * 1,03 0,97 = 12,72 kW
13-NUMBER OF BELTS (N)

The required number of belts was determined by comparing the design power, P;, with the belt

power rating, B.. The number of belts is calculated using the following relation:
P

N=-2

P

v 476
T 12,72

= 3,74
Since the number of belts must be an integer, the result was rounded up to ensure that the belt

drive can safely transmit the required design power. Therefore, four V-belts were selected for
the final design.
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14-INSTALLATION AND TAKE UP ALLOWANCES (MIA AND MTA)

For the selected standard belt datum length of 3000 mm, the installation allowance and take-
up allowance were determined as 25 mm and 45 mm, respectively, based on SKF Table 10a.
Using these values, the corresponding minimum and maximum center distances were
calculated as 1027 mm and 1097 mm.

Since this center distance range lies entirely within the allowable adjustable center distance of
the system, the selected belt length satisfies the installation and tensioning requirements.
Therefore, the belt drive configuration is considered feasible.

Table 10a
Single V-belts
Datum Minimum take- Minimum installation allowance - for fitting
length up allowance z A B C D XPZ XPA XPB XPC 8v
for tensioning X AX BX X 3vX SPA 5VX SPC 8V-XP

SPZ SPA-XP SPB SPC-XP

SPZ-XP SPB-XP

3V 5V

3V-XP 5V-XP
- mm mm
400-1199 25 15 20 25 40 - 15 20 - - -
1200-2099 35 20 20 30 40 50 20 25 25 - -
2100-2799 40 20 25 30 40 50 20 25 25 35 40
2800-3399 45 - 25 30 40 50 20 25 25 35 40
3400-4399 55 - 25 30 50 55 20 25 25 35 40
4400-5399 &5 - 25 40 50 60 - 25 25 35 45

Figure 11:MIA and MTA values from Table 10a

Conin = 1052 — 25 = 1027
Conax = 1052 + 45 = 1097
15-BENT TENSION

Proper belt operation requires the belt tension to be maintained within an appropriate range.
Accordingly, the belt tension calculations were performed following the guidelines provided
on page 70 of the SKF Power Transmission Belt Catalogue.

Two belt tension values were evaluated in this analysis. The first is T4, Which represents the
minimum belt tension during normal operation. The second is T,.,, corresponding to the
maximum belt tension required for a newly installed belt. These values are used to ensure
adequate power transmission while preventing excessive belt loading.

- d*n
~ 19100

190 % 2076
19100

m
= 20,65—
s
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Wrapped V, wedge and banded belts

Section Smallest pulley Speed range Belt tension per | Mass
diameter single belt*
MNew belt Used runf-Single | Beltina
mbelt | belt band**
- mm r/min N kg/m
Z 40-60 1 000-2 500 104 £9 0,051 | nfa
2 501-4 000 121 81
61-over 1 000-2 500 174 116
2 501-4 000 174 116
A 75-90 1 000-2 500 332 222 0,115 | 0,150
2 501-4 000 254 169
91-120 1 000-2 500 391 261
2 501-4 000 332 222
121-175 1 000-2 500 469 313
2 501-4 000 411 214
B 105-140 860-2 500 469 313 0,193 ([ 0,260
2 501-4 000 391 261
141-220 860-2 500 h67 378
2 501-4 000 L28 352
C 175-230 500-1 740 1017 678 0,320 | 0,417
1741-3 000 841 561
231-400 500-1 740 1251 834
1741-3 000 1115 743
D 305-400 200-850 2210 1473 | 069 0,870
851-1 500 1877 1251
4£01-510 200-850 2698 1799
851-1 500 2268 1512
SPZ 56-79 1 000-2 500 338 226 0076 | nfa
2 501-4 000 262 175
80-95 1 000-2 500 383 255
2 501-4 000 415 216
Q6—over 1 000-2 500 477 318
2 501-4 000 438 292
SPA 71-105 1 000-2 500 575 383 0,134 | 0,155
2 501-4 000 K2k 349
106-140 1 000-2 500 696 A
2 501-4 000 628 418
141—-over 1 000-2 500 872 581
2 501-4 000 876 L84
Figure 12:Selection of M value from Table 13
_ 510« (22-C3)*xP; MV?
used C3*N*V 1,11
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510 % (2,2 —-0,97) x 47,6 4 0,134 * (20,65)?

used 0,97 * 4 x 20,65 1,11 3

Toew = 1,5 * Tyseq = 635.85 N
16- BELT DEFLECTION FOR PEN TESTER

Deflection force required for tension verification was determined using the pen tester method,
following the procedure outlined in the SKF Power Transmission Belt Catalogue. This method
relates belt tension to the force required to produce a specified belt deflection over a given span
length.

The deflection force was calculated for both operating conditions. The deflection force
corresponding to the minimum operating belt tension is given by Fy .4, While the deflection
force associated with the maximum tension of a newly installed belt is represented by Fy ;e\ -
These forces were calculated using the following expressions:

Tused*N_l_N*K*Sp

P __ 16 L
d,used - 9 81
Tnew*N+N*K*Sp
P __ 16 L
d,new - 9 81
Table 16

Belt modulus factor

Section K

Z,IX 2,67
A AX 2,94
B, BX 3,87
CCX 5,87
D 8,01
SPZ,XPZ, 3V, 3VX 2,89
SPA, XPA 312
SPB, XPB, 5V, 5VX 4,01
SPC, XPC 6,23
av 757

Figure 13: Belt Modulus Factor (K) from Table 16

For a multiple V-belt arrangement, the ratio S,,/Lwas taken as 1, in accordance with the SKF

pen tester method. The pen tester constant was selected as K = 3.12based on the catalogue
recommendations.
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Using these values, the deflection force corresponding to the minimum operating belt tension
was calculated as:

42394 4%x3,12%1

+
16 1
Fd,used = 981 = 12,07 kg
635854 4%3,12x%1
16t 1
Fd,new = 981 =17,47 kg

These results provide the appropriate deflection force limits for belt tensioning using a pen
tester. Applying these forces during installation and operation ensures proper belt tension,
reliable power transmission, and compliance with the design requirements.

17-ELONGATION METHOD

Taking into account the belt tension applied during operation, the elongation method was used
to determine the belt lengths for both the new and used conditions. This method considers the
elastic elongation of the belt under different tension levels and provides a practical means of
verifying proper belt installation and operation.

The required belt elongation values were obtained by linear interpolation using the data
provided in Table 17 of the SKF Power Transmission Belt Catalogue. This approach ensures
that the calculated belt lengths accurately reflect the tension conditions specified for the selected

belt type.
Table 17
Length addition for 1 000 mm of belt strand
Single belt, A B C D SPA SPB SPC av
banded belt SPA-XP SPB-XP SPC-XP 8V-XP
5V
EV-XP
= Elongation per 1 000 mm of belt strand (mm)
200 3.4 15 - - 3.0 = - _
250 43 1.8 = = 38 - _ _
300 51 2,2 - - 45 = - —
350 40 A - - £3 - - -
400 6,8 2,9 2.4 - 6,0 21 - -
450 1.7 3.3 2.7 = 6,8 2.6 = =
500 RS 3, 30 = 7% 31 - -
550 94 40 33 = 83 3.6 19 =
600 10,2 A7 3.6 3.2 9.0 41 2.2 -
= _650 111 48 38 3.4 08 46 25 =

Figure 14:Elongation Values from Table 17
Elongation per 1000mm of belt standard for 423,9 N is 6,4 mm.

Elongation per 1000mm of belt standard for 635.85 N is 9,6 mm.
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Belt length multiplier

Single belt, A B c D SPA SPB SPC
banded belt SPA-XP | SPB-XP  SPC-XP
5V
5V-XP

Table 18

av
8V-Xp

- Belt length multipliers

200 1,0034 1,0015 = = 1,0030 = =

250 1,0043 1,0018 - - 1,0038 - -

300 1,0051 1,0022 — — 1,0045 = =

350 1,0060 1,0026 — — 1,0053 - -

400 1,0068 1,0029 1,0024 — 1,0060 1,0021 =

450 1,0077 1,0033 1.,0027 — 1,0068 1,0026 =

500 T.0085 T.0037 T,0030 - T,0075 1,0031 -

5e0 10094 1.0040 1.0033 = 1.0083 1,0036 1,0019
| 600 1,0102 1,0044 1,0036 1,0032 1,0090 1,0041 1,0022
=] 650 1,0111 1,0048 1,0038 1,0034 1,0098 1,0046 1,0025

Figure 15:Table 18 for Finding Belt Length Multiplier
Belt length multiplier for used belt is 1,0064.
Belt length multiplier for new belt is 1,0098.

These values are calculated with interpolation method.
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CONCLUSION

In this study, a V-belt drive system suitable for operating a reciprocating compressor was
designed by strictly following the step-by-step procedure outlined in the SKF Power
Transmission Belt Catalogue. All design decisions were made in accordance with the priorities
specified in Homework 2, with particular emphasis on achieving the required speed ratio using
standard and recommended components.

Based on the operating conditions, a service factor of C, = 1.4 was selected, resulting in a
design power of 47.6 kW. Using this value, the SPA belt cross-section was identified as the
most appropriate option. The required speed ratio was satisfied by selecting standard pulley
diameters of 190 mm for the driving pulley and 375 mm for the driven pulley. A standard belt
datum length of 3000 mm was then chosen from the SKF catalogue.

For the selected belt length, the actual center distance was calculated as approximately 1052
mm. The corresponding installation and take-up allowance range (1027-1097 mm) lies entirely
within the allowable adjustable center distance of the system, confirming that the belt can be
properly installed and tensioned. Therefore, the selected belt length and center distance are
compatible with the geometric constraints of the design. In addition to the geometric
compatibility, available space was also considered during the belt selection process. Although
limited space conditions may require the use of smaller pulleys or shorter belt lengths, such
configurations are generally not recommended due to reduced belt life and unfavorable
operating conditions.

After applying the relevant correction factors, the belt power rating was evaluated, and the
required number of belts was calculated as 3.74. Since the number of belts must be an integer,
four SPA V-belts were selected to safely transmit the required power. In this design, cost
considerations were taken into account primarily through the number of belts used. While
pulley cost was not considered, selecting an appropriate number of belts was essential to avoid
unnecessary overdesign and increased system cost. Belt tension calculations were performed
for both new and used conditions. Using the pen tester method, the required deflection forces
were determined as 12.07 kg for normal operation and 17.47 kg for a newly installed belt. In
addition, the elongation method was applied using SKF Table 17 to verify belt length changes
under operating tension.

Overall, the final belt drive configuration satisfies all performance, geometric, and installation
requirements. The selected system is feasible, reliable, and suitable for the intended
reciprocating compressor application, provided that the recommended installation and
tensioning procedures are followed during operation.
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