KISSsoft

Drivetrain Design Solutions

KISSsoft Exercise Shaft-Hub
Connections 00

Cylindrical interference fit

Radial stress - Mean value

240 — Tangential stresses - Mean value
Equivalent stress - Mean value
180 — Radial stress - Minimum
," Tangential stresses - Minimum
120 - "/ Equivalent stress - Minimum
T 60 Radial stress - Maximum
= Tangential stresses - Maximum
Z 04 Equivalent stress - Maximum
b Centerlines - X
g 60 - Centerlines - Y
n
-120 —
-180 —
-240 —
AN O Q N N
fbe" I 2o o’
Radius [mm]
KISSsoft AG T. +41 55 254 20 50
A Gleason Company F. +41 55 254 20 51 g
Rosengartenstr. 4, 8608 Bubikon info@KISSsoft.com Sharlng KnOWIedge

Switzerland www.KISSsoft.com



1 Document information

1.1 Table of content

I o ol ¥ g 1= T o AT Y 0] 114 F= 11 [ o ISR 2
1.1 IR0 (=T 0 0 o (=T o | SRRSO 2
1.2 DOCUMENE CRANGE FTECONT ... .. eiiiiiee ettt e et e e e e e e s bbbt e e e e e e s e bbbt e e e e e s s snnbbeeeas 2

2 Exercise Shaft-hub connections: Cylindrical interference fit ..........cccoooiieiiiiiiiiii e, 3
2.1 YU ] = T Y 3
2.2 LI 512 SRRSO 3

G T 1)Y= o W =1 = PSP 4

S 1o ] 11T o PP PP 5

LG O 0 =] 1o o PR 6
5.1 L0 11 1S 1 0 PPNt 6
5.2 L0 11 1S 1 2SRRIt 6
5.3 L0 T 1S 1 1 PPNt 7
5.4 (@101 (o] o I PSSRSO PUPUPPPPPPPPPPPPPPPPPPRt 7
5.5 (@101 (o] 4 I TSP PP PPUPPPPPPPPPPPPPPPPPPRt 8
5.6 (@181 (o] o I PSSP P PP PUPPPPPPPPPPPPPPPPPPRt 9

1.2 Document change record

Revision Author Date Remarks
0 HD 2008 Original document
1 HD 2017 Updated screenshots
2 RP 2022-06-15 Updated to new template
16.06.2022 219



2 Exercise Shaft-hub connections 00: Cylindrical
interference fit

2.1 Summary

In an automotive transmission, a helical gear is connected to the shaft by means of an interference fit. The torque
transmitted results in an axial and radial force (due to the pressure and helix angle).
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2.2 Tasks
1. Enter the data given. How can you find out the value to be given for “bending moment”?
2. Decide on the tolerances to be used such that the torque can be transmitted safely. How can you find
out suitable tolerances?
3. Check whether the safety factors are ok. Why are there three safety factors?
4. Find out what would be the maximum torque that could be transmitted by the connection (if axial and
radial force remained the same).
5. Find out what the maximum torque would be if you need to achieve a minimal safety factor against
sliding of 1.40 exactly.
6. Find out how the shaft must be cooled / the gear to be heated to assemble the gear on the shaft
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3 Given data

Nominal torque:
Axial force:
Radial force:
Bending moment:
Speed:
Application factor:

Surfaces:
Coeff. of friction:

Nominal diameter:
Shaft bore:
Hub:

Materials:
Hub/Gear:
Shaft:

Temperatures:

At assembly:
At operation:
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300 Nm
2000 N
300 N

?

3000 rpm
1.25

N6
0.12

50mm

solid shaft

The gear consists of two parts.

The part for the tooting has a width of 30mm and a pitch diameter of 90mm.

The part for the synchronizer has a width of 25mm and an outer diameter of 70mm

18CrNiMo7
34CrNiMo6

30°C
65°C for shaft, 75°C for hub
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4 Solution

Start cylindrical interference fit module:

File  Project Wiew Caloulation FReport  Graphics Extras  Help

U BEESX 265 > Bk EE 3

Modules & X | Cylindrical interference fit

J Beveloid gears " Operating data

& Mon circular gears _
I Shafts and Bearings Mominal torque T 400,0000 | Mm -r"
4 Connections Bending moment Mz 0,0000 | Mm

4 Shaft-Hub-Connections
4 Interference fit connections
@ Cylindrical interfere...
® Conical interference fit
@ Clamped connections External pressure on hub {min/mid/max) pes/DefPme:
@ Key
P

Application factor Ka 1.0000 1

[ ] Multiple interference fit

Enter all data given:

Cylindrical interference fit

Operating data

Mominal torque T 300.0000 | Nm 4" Axial force Fa 2000.0000 | N 4"
Bending moment Me [ olhm Radial force Fr 300.0000 | N
Application factor Ka 1.25 i Speed n 3000.0000 | 1fmin

[ Multiple interference fit

External pressure on hub (min/mid/max) peefDefpe Njfmmz Define...
Geometry

Diameter of joint Dr 50.0000 | mm o Length of Interference fit | 55.0000 | mm Ll
Inside diameter, Shaft D, 0,0000  mm Manufacturing tolerance Shaft e
Cutside diameter, Hub D. 79.0312 mm C Manufacturing tolerance Hub r

Materials and surface roughness

Shaft 34 CrNiMo 6 (1), Through hardened steel, alloyed, through hardened ARG N6 Rz=4.8 (Grinding) - Rz 4.80 | pm
Hub 18CrNiMo7-6, Case-carburized steel, case-hardened | |4 M6 Rz=4.8 (Grinding) - R: 4.80 | pm
Temperatures Coefficients of friction
Service temperature shaft Bs 65.0000 | =C in drcumferential direction Hu 0.1200
Service temperature hub Bs 75.0000 | °C in axial direction [18 0,1200
. . = Outside diameter, Hub D. 0.0000 | mm
To enter several hub diameters / hub widths, press _| next to

There you can enter different diameters / widths. Once you press “OK”, an equivalent diameter / hub combination
will be calculated.

Diameter [mm] Length [mm]

1 90.0000 30.0000

2 70.0000 25.0000
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5 Questions

5.1 Question 1

To enter the bending moment, calculate it from axial force and half the pitch diameter. To do this, you can use
the formula editor. Press right mouse click into the field for “Bending Moment” and calculate it (be careful to

consider dimensions correctly):

Operating data

Mominal torgue T 300.0000 | Mm
Bending moment Mz | A nnno | e

Application factor K |: ormula input:
2000*90/1000/2|

[ ] Multiple interference fit

5.2 Question 2

To have the software propose you suitable tolerances, press sizing button next to tolerance input. A list with
possible combination appears, choose suitable combination:
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5.3 Question 3

Now that all data is given, press l or F5 to get the results. Three sets of results are shown, for nominal
dimensions, for highest shaft diameter/smallest hub inner diameter, for highest hub inner diameter/smallest shaft
diameter. Note that the flag “Results are consistent” is now active.

Stress: Elastic only

minimum maximum
Safety against sliding 265 5.12
Safety against fracture, Shaft 2413 10.86
Safety against fracture, Hub 9.68 4.38
Safety against yield point, Shaft 19.30 8.69
Safety against yield point, Hub 6.85 310

Embedding 7.6800 pm

Note that you will get the below message, which tells you that the contact stress between hub and shatft is
actually higher during assembly of connection compared to operation (as in operation, hub will heat up more and
expand and it will also expand due to centrifugal forces from rotation)

i The working pressurlie iz smaller than the pressure after mounting (64,0320 MNjmm?2< 71,4344 N/mm32),
Please check the ml;ulatiun also with speed zero and ambient temperature,

5.4 Question 4

Use the sizing button next to torque input to reverse calculate a maximum possible torque:

Operating data

Mominal torque T 667.5773 | Nm i
Bending moment Mz 90,0000 | Mm
Application factor K 1.2500 B

If the interference fit is now calculated again, you will find the below safety factors:

Stress: Elastic only

medium (pidEaLm maximum
Safety against sliding 1.99 @ 277
Safety against fracture, Shaft 1498 4. 10.86
Safety against fracture, Hub 6.03 9.68 4.38
Safety against yield point, Shaft 11.98 19.30 8.69
Safety against yield point, Hub 427 6.85 310

Embedding T.6800 pm

Note the smallest safety factor of 1.20!
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5.5 Question 5

Above, we have a resulting safety factor of 1.20. Obviously, this safety factor was used to reverse calculate the
maximum torque transmittable. So, this value was used as a target value. To change the target value, go to the

module specific settings and change it there:

teport Graphics ExtrgsessHelp

ek O
ical interference fit B

ating data

nal torque T 667.5773 | Nm

i t M Nm
INg momen El 90,0000 m Size N
ratinn fartnr K. 41 7EMN i

gzl

Calculation of joining temperature (Jateral interference fit)
(@) Depends on joint diameter, per thousand of df {acc. DIN 7190)
() Constant mounting dearance of

Temperature of shaft for joining

Reguired safety against sliding

Regquired safety against yield point (shaft/hub)

1
0. 1000 | mm
20,0000 | =C 1

Then, in a second step, recalculate the maximal torque transmittable again by pressing the sizing button next to
the input field for nominal torque. You will then get a lower value as the required safety factor is higher:

Cylindrical interference fit |

Operating data

Mominal torgue T 571.8381 | Nm
Bending moment Mz 90,0000 | Mm
Application factor Ke 1.2500 @l

ma ez L i o

Now, re-run the calculation and you will find the safety factor of 1.40 in the results

Stress: Elastic only

_(#_

16.06.2022

medium iniz maximum
Safety against sliding 232 323

Safety against fracture, Shaft 14.98 X 10.86
Safety against fracture, Hub 6.03 968 438
Safety against yield peint, Shaft 11.98 19.30 8.69
Safety against yield point, Hub 427 6.85 310
Embedding 7.6300 pm
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5.6 Question 6

Additional results, like temperatures for assembly (cooling of shaft or heating up of hub) are shown in the report.

Get the report using the report symbol or press F6
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3 & X
& Bevelidg.. A
Py Er:‘:’;;’::; Senvice !Mounting / Dismounting
nnections
ShaftHub-Con
s Interferen Transverse-interference-fit
® .. Wounting dearance (mm) [PsTH] 0.050
@®c Temperatur: for mounting:
@a Shatt temperaturs, i2 perature: [ThAI ()
© ey
4 straig (calculated using coefficient of thermal expansion)
@ Spine Sub-cooling of the shatt according to DIN 7190 (10461K) cC] 850
% Spine .. Coeficientofthermal expansion for hub (10°6/K) an]
@ rolygon
@ wioodr...
A[C Bolts and 4 [
¥ ol Assembly temperature
- v Coeficient of frition (longhudinal) le=pa*1.300] 016
les Press on (force] (KN} [Fpress] 9628 ( 6214. 130.41)
Coeficient of frition (longudinal) lulepa® 1600] 019
les 8 x Press out (force) (kN) [Fpress]  112.49( 7648. 160.50)
aftHub-Connect... A
aft-Hub-Connect. 4
@ Cyiindricall
@ Cyindricall...
@ Conicalint
A .
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