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机械设计
Mechanical Design



HW 01.1
•绘制出图示机构的运动简图
• Sketch the kinematic diagram
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•绘制出图示机构的运动简图
• Sketch the kinematic diagram
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HW 01.2
•计算图中机构的自由度
• Calculate the degree of freedom
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•计算图中机构的自由度
• Calculate the degree of freedom
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HW 01.2
• 计算图中机构的自由度
• Calculate the degree of freedom

• 滚⼦具有局部自由度，应和活动构件
6 视为焊接在⼀起来计算自由度。图
中活动构件数𝑛 = 8, 𝑃! = 11, 𝑃" = 1
因此 𝐹 = 3𝑛 − 2𝑃! − 𝑃" = 1
• The roller has local degrees of freedom 

and should be considered as welded 
together with the movable member 6 to 
calculate the degrees of freedom. In the 
figure, the number of movable 
members is 𝑛 = 8, 𝑃! = 11, 𝑃" = 1 . 
Therefore, 𝐹 = 3𝑛 − 2𝑃! − 𝑃" = 1
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HW 01.3
•试计算图示机构的自由度。
若有局部自由度、复合铰链
和虚约束，需在图上指出。
• Try to calculate the degrees of 
freedom. Identify if there are any 
local degrees of freedom, composite 
hinges and virtual constraints on the 
diagram.
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HW 01.3
•试计算图示机构的自由度。
若有局部自由度、复合铰链
和虚约束，需在图上指出。
• Try to calculate the degrees of 
freedom. Identify if there are any 
local degrees of freedom, composite 
hinges and virtual constraints on the 
diagram.

•⽆复合铰链和局部自由度，A, B 或 E, F 处因约束对称，
有虚约束。共 3 个活动构件，有 4 个低副，有 0 个⾼副，
自由度为 1，即：

𝐹 = 3𝑛 − 2𝑃! − 𝑃" = 3×3 − 2×4 − 0 = 1
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HW 01.3
•试计算图示机构的自由度。
若有局部自由度、复合铰链
和虚约束，需在图上指出。
• Try to calculate the degrees of 
freedom. Identify if there are any 
local degrees of freedom, composite 
hinges and virtual constraints on the 
diagram.
• There are no compound hinges and local degrees of 

freedom. There are virtual constraints at A, B or E, F due to 
constraint symmetry. There are 3 active components, 4 low 
pairs, 0 high pairs, and 1 degree of freedom, that is: 

𝐹 = 3𝑛 − 2𝑃! − 𝑃" = 3×3 − 2×4 − 0 = 1
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HW 01.4
• 已知某钢材的⼒学性能为 𝜎!" = 500 MPa，𝜎# = 1000 MPa，𝜎$ = 800 MPa。

1) 试按比例绘制该材料的简化疲劳极限应⼒图；
2) 由该材料制成的零件，承受非对称循环应⼒，其应⼒循环特性 𝑟 = 0.3，⼯作应
⼒ 𝜎%&' = 800 MPa，零件的有效应⼒集中系数 𝑘( = 1.49，零件的尺⼨系数
𝜀( = 0.83，表面状态系数 𝛽 = 1，按简单加载情况在该图中标出⼯作应⼒点及
对应的极限应⼒点；

3) 判断该零件的强度是否满⾜要求。

• The mechanical properties of a certain steel material are known as: 𝜎!" = 500 MPa, 𝜎# =
1000 MPa, 𝜎$ = 800 MPa.

1) Draw a simplified fatigue limit stress diagram for the material based on proportional 
values.

2) A part made from this material is subjected to non-symmetric cyclic stress. The 
characteristics of the stress cycle are 𝑟 = 0.3, the working stress is 𝜎%&' = 800 MPa, 
the effective stress concentration factor of the part is 𝑘( = 1.49, the size factor of the 
part is 𝜀( = 0.83, and the surface condition factor is 𝛽 = 1. Indicate the working 
stress point and corresponding limit stress point on the diagram under simple loading 
conditions.

3) Determine whether the strength of the part meets the required standards.
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HW 01.4
• 已知某钢材的⼒学性能为 𝜎!" = 500 MPa，𝜎# = 1000 MPa，𝜎$ = 800 MPa。

1. 试按比例绘制该材料的简化疲劳极限应⼒图；

1. 绘制材料的简化疲劳极限应⼒图。因材料为塑性材料，故极限应⼒图用𝜎) − 𝜎*
极限应⼒图表示。确定极限应⼒图折线 ABS 上的各点坐标：𝐴 0, 𝜎!" 、𝑆 𝜎+, 0  
及 𝐵 (!

,
, (!
,
，代⼈数值后为：𝐴 0,500 、𝐵 400,400 及 𝑆 1000,0 ，连接直线

𝐴𝐵 与自点 𝑆 作与横坐标轴成 135° 的斜线交于点 𝐸，则 𝐴𝐵𝐸𝑆 折线为极限应⼒图。
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HW 01.4
• 已知某钢材的⼒学性能为 𝜎!" = 500 MPa，𝜎# = 1000 MPa，𝜎$ = 800 MPa。

2. 由该材料制成的零件，承受非对称循环应⼒，其应⼒循环特性 𝑟 = 0.3，⼯作应
⼒ 𝜎%&' = 800 MPa，零件的有效应⼒集中系数 𝑘( = 1.49，零件的尺⼨系数
𝜀( = 0.83，表面状态系数 𝛽 = 1，按简单加载情况在该图中标出⼯作应⼒点及
对应的极限应⼒点；

2. 绘制零件的许用极限应⼒图。由题意寿命系数 𝐾- = 1.0，对材料时似限应⼑曲
攻进⾏修⽌。点 𝐴	对应的点 𝐴.	的坐标为 0, /"(#$

/%
，式中 𝐾( =

0%
1%2
，代⼈数据

后为 𝐴. 0,278.5 。点 𝐵	对应的点 𝐵.	的坐标为 /"(!
,

, /"(!
,/&

，代⼈数据后为
𝐵. 400,222.8 。对点 𝑆	不必进⾏修正。连接 𝐴.𝐵.	线与原 𝑆𝐸	线交于点 𝐸.，则零
件的许用极限应⼒折线图为 𝐴.𝐵.𝐸.𝑆。
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HW 01.4
• 已知某钢材的⼒学性能为 𝜎!" = 500 MPa，𝜎# = 1000 MPa，𝜎$ = 800 MPa。

3. 判断该零件的强度是否满⾜要求。

确定⼯作应⼒点 𝑀的坐标。
𝜎%34 = 𝑟𝜎%&' = 0.3×800 MPa = 240 MPa

𝜎& =
𝜎%&' − 𝜎%34

2 =
800 − 240

2 MPa = 280 MPa

𝜎% =
𝜎%&' + 𝜎%34

2
=
800 + 240

2
MPa = 520 MPa

所以⼯作应⼒点的坐标为 𝑀 520,280 。 按简单加载情况，过原点 𝑂 连射线 OM 交 
𝐴.𝐵.𝐸.于点 𝑀.，该点即为极限应⼒点。 点 𝑀 落在疲劳安全区 𝑂𝐴.𝐸. 以外，该零件
发⽣疲劳破坏。
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HW 01.4
• The mechanical properties of a certain steel material are known as: 𝜎!" = 500 MPa, 𝜎# =
1000 MPa, 𝜎$ = 800 MPa.

1. Because the material is a plastic material, the limit stress diagram is represented by the 
𝜎) − 𝜎* limit stress diagram. Determine the coordinates of each point on the limit 
stress diagram polyline ABS: 𝐴 0, 𝜎!" , 𝑆 𝜎+, 0  and 𝐵 (!

,
, (!
,

, which are 𝐴 0,500 , 
𝐵 400,400  and 𝑆 1000,0 . Connect the straight line 𝐴𝐵 and the oblique line from 
point 𝑆 at an angle of 135° to the horizontal axis, which intersects at point 𝐸. Then the 
polyline 𝐴𝐵𝐸𝑆 is the limit stress diagram.
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HW 01.4
• The mechanical properties of a certain steel material are known as: 𝜎!" = 500 MPa, 𝜎# =
1000 MPa, 𝜎$ = 800 MPa.
2. Draw	the	allowable	limit	stress	diagram	of	the	part.	According	to	the	life	

coefficient	𝐾- = 1.0,	the	material	is	corrected	for	the	limit	stress.	The	coordinates	
of	the	point	𝐴.corresponding	to	point	𝐴 are	 0, /"(#$

/%
,	where	𝐾( =

0%
1%2

,	which	is	
𝐴. 0,278.5 	after	substituting	the	data.	The	coordinates	of	the	point	𝐵.	
corresponding	to	point	𝐵 are	 /"(!

,
, /"(!
,/&

,	which	is	𝐵. 400,222.8 	after	
substituting	the	data.	No	correction	is	required	for	point	𝑆.	The	line	𝐴.𝐵.	
connecting	the	original	𝑆𝐸 line	intersects	at	point	𝐸.,	then	the	allowable	limit	
stress	line	diagram	of	the	part	is	𝐴.𝐵.𝐸.𝑆.

16机械设计 | 第01章机械设计总论 |参考答案



HW 01.4
• The mechanical properties of a certain steel material are known as: 𝜎!" = 500 MPa, 𝜎# =
1000 MPa, 𝜎$ = 800 MPa.

3. Determine the coordinates of the working stress point 𝑀.
𝜎%34 = 𝑟𝜎%&' = 0.3×800 𝑀𝑃𝑎 = 240 𝑀𝑃𝑎

𝜎* =
𝜎%&' − 𝜎%34

2 =
800 − 240

2 𝑀𝑃𝑎 = 280 𝑀𝑃𝑎

𝜎) =
𝜎%&' + 𝜎%34

2 =
800 + 240

2 𝑀𝑃𝑎 = 520 𝑀𝑃𝑎

So the coordinates of the working stress point are 𝑀 520,280 . According to the simple 
loading condition, the line OM passing through the origin 𝑂 intersects 𝐴.𝐵.𝐸. at the point 
𝑀., which is the limit stress point. Point 𝑀 falls outside the fatigue safety zone 𝑂𝐴.𝐸., and 
the part suffers fatigue failure.

17机械设计 | 第01章机械设计总论 |参考答案



Thank you~
所有作业要求⼿写

Autumn 2024

机械设计
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附加题 01.1
•相同材料、相同截面积的空⼼⽅管和实⼼圆棒哪个在轴
向上更抗拉？
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附加题 01.1
•相同材料、相同截面积的空⼼⽅管和实⼼圆棒哪个在轴
向上更抗拉？

•根据 𝜎 = #
$!
，两者在轴向上的抗拉性能相同
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